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temperature  at  which  it  can  conform  to  the  shape 
of  the  first  diaphragm,  the  edges  of  the  first 
diaphragm  being  constrained  against  movement, 
wherein  the  first  diaphragm  is  urged  against  the 

5  blank  by  pressure  applied  to  substantially  all  the 
surface  of  the  first  diaphragm  remote  from  the 
blank  so  that  the  blank  is  deformed  and  pressed 
against  the  mould  surface  by  the  first  diaphragm, 
characterised  in  that  the  first  diaphragm  is  of 

w  superplastic  metal. 
The  mould  surface  may  be  either  a  male  or 

female  mould  surface.  As  the  diaphragm  is 
deformed  towards  the  mould  surface  the  blank  is 
likewise  deformed  and  is  compressed  against  the 

15  mould  surface  so  that  it  acquires  the  exact  shape 
of  the  mould.  During  this  deformation  the  blank  is 
constrained  by  the  diaphragm  on  one  side  and  by 
the  mould  surface  on  the  other  so  that  it  is 
compelled  to  flow  plastically  to  adapt  itself  to 

20  both  and  unwanted  local  thinning  and  wrinkling 
are  avoided. 

The  blank  may  consist  of  a  variety  of  metals 
which  may  or  may  not  be  superplastic;  it  may  be 
of  a  non-superplastic  aluminium  alloy.  The  dia- 

25  phragm  may  consist  of  a  superplastic  aluminium 
alloy  sold  in  the  United  Kingdom  under  the  Trade 
Mark  "Supral"  by  Superform  Metals  Limited.  The 
method  is  especially  useful  for  making  articles 
from  a  blank  of  relatively  small  thickness,  for 

30  example  in  the  range  0.2  to  6.0  mm. 
In  addition  to  the  diaphragm  in  contact  with  the 

side  of  the  blank  opposite  the  mould  surface,  a 
further  diaphragm  may  be  provided  between  the 
blank  and  the  mould  surface  so  that  the  blank  is 

35  enclosed  between,  and  constrained  by,  two  dia- 
phragms  which  are  simultaneously  urged  against 
the  mould. 

During  deformation  of  the  blank  and  diaphragm 
the  edges  of  the  diaphragm  should  be  con- 

40  strained  against  movement,  for  example  by 
clamping,  so  that  the  diaphragm  is  stretched  on 
deformation:  in  contrast  the  edges  of  the  blank 
should  not  be  constrained.  Under  these  con- 
ditions  the  blank  is  deformed  in  such  a  way  that 

45  wrinkles  and  local  thinning  are  avoided. 
The  method  may  be  carried  out  in  a  variety  of 

ways.  In  one  embodiment  the  blank  is  in  the  form 
of  a  sheet  of  smaller  area  than  the  diaphragm  and 
the  blank  and  diaphragm  are  positioned  together 

so  with  the  edges  of  the  diaphragm  clamped  to 
prevent  them  moving  but  with  the  edges  of  the 
blank  undamped.  A  male  mould  is  then  advanced 
against  the  side  of  the  blank  opposite  the  dia- 
phragm  while  the  blank  and  diaphragm  are  at  the 

55  temperature  required  for  plastic  deformation  so 
that  they  are  drawn  by  the  mould  and  form  a 
bulge  around  the  mould  with  the  blank  in  contact 
with  part  of  the  mould  surface.  Pneumatic  or 
mechanical  pressure  is  then  exerted  on  the  side  of 

60  the  diaphragm  remote  from  the  blank  and  mould 
so  that  the  diaphragm  and  blank  are  further 
deformed  and  the  blank  is  pressed  against  the 
remainder  of  the  mould  surface. 

In  this  embodiment  the  edges  of  the  blank  may 
65  be  supported,  but  not  clamped,  against  the  dia- 

Description 

This  invention  relates  to  forming  of  shaped 
metal  articles  and  is  applicable  to  forming  of 
metal  articles  of  small  thickness  and  complex, 
precisely  determined  shape. 

Thin  metal  components  of  precise  shape  and 
thickness  are  commonly  required  in  the  aero- 
space  and  other  industrials.  Production  of  such 
components  by  deformation  of  metal  sheet  is 
often  difficult  because  of  the  limited  capacity  for 
plastic  deformation  of  many  metals  and  the  pro- 
duction  of  non-uniform  local  thinning  of  the  metal 
on  stretching.  When  a  metal  sheet  is  extensively 
deformed  there  is  also  a  tendency  for  local  wrink- 
lin  to  be  produced. 

Complex  metal  shapes  may  be  made  using 
superplastic  alloys,  such  as  the  superplastic 
aluminium  alloys  described  in  GB—  A—  1  387  586 
and  GB—  A—  1  445  181  which  are  capable  of 
giving  plastic  deformation  of  several  hundred 
percent  under  relatively  mild  deforming  stresses 
at  suitable  temperatures.  Deformation  techniques 
intended  to  make  optimum  use  of  the  properties 
of  such  alloys  have  been  developed,  such  as  the 
techniques  described  in  GB—  A—  1  461  317  and 
GB—  A—  1  552  826.  However,  not  all  types  of  alloy 
in  current  use  can  be  rendered  superplastic;  also 
stretching  of  even  superplastic  metal  sheet  by 
known  methods  generally  results  in  local  thinning 
which,  depending  on  the  desired  shape  of  the 
article,  may  not  be  uniform. 

GB—  A—  2  019  286  discloses  the  features  of  the 
pre-characterising  part  of  claim  1  and  describes 
press  forming  of  a  sheet  or  plate  of  metal  which  is 
relatively  inferior  in  formability,  comprising  the 
steps  of  (a)  covering  at  least  one  side  of  a  metal 
blank  with  a  heat-insulating  layer,  (b)  heating  the 
blank,  (c)  heating  the  heat-insulating  layer  and  (d) 
applying  a  forming  pressure  to  the  blank  and 
heat-insulating  layer,  the  pressure  being  transmit- 
ted  to  the  blank  through  the  heat-insulating  layer. 
The  blank  may  be  sandwiched  between  two  metal 
plates.  In  the  arrangements  described  pressure  is 
applied  by  a  punch  which  engages  the  heat- 
insulating  layer. 

The  present  invention  is  intended  to  provide  a 
forming  method  capable  of  producing  metal 
articles  of  precisely  controlled  shape  and  thick- 
ness  even  when  the  thickness  of  the  article  is 
small  and  the  degree  of  deformation  required  on 
forming  varies  widely  between  different  parts  of 
the  article. 

According  to  the  invention,  there  is  provided  a 
method  of  forming  a  shaped  metal  article  by 
deformation  using  a  mould  in  which  a  sheet  metal 
blank  is  contacted  on  one  side  thereof  by  a  first 
diaphragm  of  a  metal  which  is  capable  of  being 
deformed  plastically  at  an  elevated  temperature, 
a  surface  of  the  blank  opposite  the  first  dia- 
phragm  is  disposed  in  contact  with  or  adjacent  a 
mould  surface  and  the  sheet  metal  blank  and  the 
mould  surface  are  urged  together  while  the  first 
diaphragm  is  at  a  temperature  at  which  it  can  be 
plastically  deformed  and  the  blank  is  at  a 

H 
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tion  before  being  disposed  in  the  press  or  other 
device  used  for  carrying  out  the  deformation,  and 
removed  from  the  equipment  while  still  hot  to 
accelerate  cooling. 

5  Methods  of  shaping  metal  bodies  according  to 
embodiments  of  the  invention  will  now  be 
described  by  way  of  example  with  reference  to 
the  accompanying  drawings  in  which: 

Figures  1  to  3  show  schematically  successive 
w  steps  of  a  method  of  forming  a  shaped  metal 

body; 
Figures  4  to  6  show  schematically  successive 

steps  of  another  method  of  forming  a  shaped 
metal  body; 

w  Figures  7  and  8  show  schematically  a  method  of 
forming  a  shaped  metal  body  using  a  female 
mould; 

Figure  9  shows  schematically  the  method  of 
Figures  7  and  8  applied  to  a  mould  of  more 

20  complex  shape. 
Referring  firstly  to  Figures  1  to  3,  a  blank  1  of 

clad  aluminium  alloy  known  as  DTD  5070B  is  in 
the  form  of  a  sheet  I.7  mm  thick  and  is  cut  to  the 
desired  shape  and  dimensions.  It  is  placed  in  a 

25  shaping  machine  as  shown  in  contact  with  a 
superplastic  diaphragm  2  comprising  a  sheet  of 
aluminium  alloy  2.5  mm  thick  of  larger  size  than 
the  blank.  The  blank  has  the  alloy  composition 
2.5%  Cu,  1.5%  Mg,  1.0%  Fe  and  1.2%  Ni  by 

30  weight,  remainder  Al  and  the  diaphragm  the  alloy 
composition  6.0%  Cu  and  0.4%  Zr  by  weight, 
remainder  aluminium. 

The  blank,  preheated  to  440°C,  is  placed  with  its 
edge  parts  on  an  annular  stripper  plate  3  of  the 

35  shaping  machine  with  the  diaphragm,  also  pre- 
heated  to  440°C,  above  it,  the  edges  of  the 
diaphragm  extending  beyond  the  edges  of  the 
blank  and  an  annular  draw  ring  is  placed  above 
the  diaphragm.  Clamping  members  5  and  6  are 

40  applied  to  clamp  the  edge  parts  of  the  diaphragm 
and  to  clamp  the  draw  ring  4  against  the  upper 
surface  of  the  diaphragm;  however,  the  stripper 
plate  3,  while  being  held  in  place  by  the  member 
5,  is  not  clamped  against  the  blank  but  merely 

45  supports  it.  The  edge  part  of  the  blank  is  thus  free 
to  move,  in  the  plane  of  the  blank,  relative  to  the 
diaphragm. 

A  male  forming  tool  7  is  then  raised  as  shown  in 
Figure  2,  at  a  rate  of  10-15  mm  per  minute,  so  that 

so  the  diaphragm  and  blank  are  deformed  by  draw- 
ing.  During  this  step  the  edge  part  of  the  dia- 
phragm  remains  clamped  by  members  5  and  6 
but  the  edge  part  of  the  blank,  being  undamped, 
is  free  to  move  during  deformation  and  is  drawn 

55  against  the  inner  edge  of  the  draw  ring.  The  radial 
clearance  between  the  male  tool  in  its  fully  raised 
position  and  the  draw  ring  is  predetermined  as  a 
function  of  the  subsequent  superplastic  deforma- 
tion  of  the  diaphragm. 

60  When  the  tool  has  been  fully  raised  air  pressure 
is  applied  to  the  upper  surface  of  the  diaphragm 
so  that  the  diaphragm  is  deformed  superplasti- 
cally  and  is  applied  around  the  surface  of  the  tool 
as  shown  in  Figure  3.  The  blank  is  likewise 

65  deformed  and  is  applied  to  the  surface  of  the  tool 

phragm  by  a  stripper  plate  or  like  device  and  the 
edge  of  the  diaphragm,  on  its  side  remote  from 
the  mould,  may  be  engaged  by  a  draw  ring 
surrounding  the  area  of  the  blank  against  which 
the  mould  is  advanced,  the  shape  of  the  mould 
and  the  disposition  of  the  draw  ring  together 
defining  the  manner  in  which  the  diaphragm  and 
blank  are  deformed  initially  by  the  mould.  How- 
ever,  it  may  be  possible  to  dispense  with  the  draw 
ring  and  control  the  manner  of  initial  deformation 
of  the  diaphragm  and  blank  around  the  mould  by 
applying  mechanical  or  pneumatic  pressure  to 
the  diaphragm  while  the  mould  advances. 

The  same  procedure  may  be  followed  when  the 
blank  is  provided  with  a  diaphragm  on  both  sides, 
so  that  the  advancing  mould  comes  into  contact 
with  a  diaphragm  instead  of  making  direct  contact 
with  the  blank.  In  this  case  the  edges  of  both 
diaphragms,  but  not  the  blank,  should  be 
clamped.  As  the  blank  is  constrained  between  the 
two  diaphragms  it  is  possible  to  precede  advance 
of  the  mould  by  a  "bubble"  blowing  operation  in 
which  pneumatic  pressure  is  applied  to  the  blank/ 
diaphragms  sandwich  from  the  same  side  as  the 
mould  to  deform  the  sandwich  into  a  dome 
before  the  male  mould  is  applied. 

In  another  embodiment  a  female  mould  is  used 
and  the  diaphragm  is  clamped  at  its  edges  at  the 
periphery  of  the  mould  whereas  the  blank  is 
undamped  and  positioned  between  the  mould 
surface  and  the  diaphragm.  Mechanical  or  pneu- 
matic  pressure  is  then  applied  to  deform  the 
diaphragm  and  blank  so  that  the  blank  is  urged 
towards  the  female  mould  surface  and  acquires 
the  shape  of  the  mould  surface.  In  this  embodi- 
ment  also  a  second  diaphragm  may  be  used  so 
that  the  blank  is  constrained  between  the  dia- 
phragms. 

Whenever  two  diaphragms,  one  on  each  side  of 
the  blank,  are  used  wrinkling  of  the  blank  may  be 
further  inhibited  by  applying  an  increased 
ambient  pressure  to  the  blank/diaphragms  so  that 
the  diaphragms  are  urged  together  to  further 
constrain  the  blank  throughout  the  deformation 
process.  This  increased  pressure  may  be  obtained 
by  hermetically  sealing  the  periphery  of  the  sand- 
wich  and  applying  an  increased  atmospheric 
pressure  during  the  process. 

The  deformation  operation  may  generally  be 
carred  out  using  methods  and  equipment  described 
jn  GB—  A—  1  461  317  and  GB—  A—  1  552  826. 

The  method  of  the  invention  may  be  used  to 
make  thin  metal  articles  having  a  wide  variety 
of  shapes,  including  shapes  involving  re-entrant 
curves  and  curvature  about  more  than  one 
axis. 

The  diaphragm  or  diaphragms  may  be 
separated  from  the  blank  by  a  suitable  parting 
agent  to  allow  the  blank  and  diaphragm  to  be 
separated  from  each  other  after  deformation.  A 
lubricating  agent  may  also  be  applied  to  facilitate 
the  slip  between  the  diaphragm  and  the  blank 
which  generally  occurs  during  deformation. 

The  diaphragm  and  blank  may  generally  be 
heated  to  the  temperature  required  for  deforma- 
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applied  as  shown  in  Figure  8,  the  diaphragm  is 
deformed  superplastically  and  the  blank  is 
deformed  to  take  the  shape  of  the  mould.  The 
blank  is  constrained  to  flow  plastically  in  the 
desired  manner  by  the  diaphragm  and  the  mould 
surface. 

The  method  of  Figures  7  and  8  may  also  be 
carried  out  using  an  assembly  of  two  diaphragms 
having  the  blank  in  between,  as  in  the  embodi- 
ment  of  Figures  4  to  6.  The  conditions  of  time, 
pressure  and  temperature  may  be  generally 
similar  to  those  used  in  the  embodiment  of 
Figures  1  to  3. 

The  method  of  Figures  7  to  8  may  be  applied  to 
complex  re-entrant  shapes,  for  example  of  the 
kind  shown  in  Figure  9. 

Claims 

1.  A  method  of  forming  a  shaped  metal  article 
by  deformation  using  a  mould  in  which  a  sheet 
metal  blank  (1)  is  contacted  on  one  side  thereof  by 
a  first  diaphragm  (2)  of  a  metal  which  is  capable 
of  being  deformed  plastically  at  an  elevated 
temperature,  a  surface  of  the  blank  opposite  the 
first  diaphragm  (2)  is  disposed  in  contact  with  or 
adjacent  a  mould  surface  (7,  10)  and  the  sheet 
metal  blank  (1)  and  the  mould  surface  (7,  10)  are 
urged  together  while  the  first  diaphragm  (2)  is  at  a 
temperature  at  which  it  can  be  plastically 
deformed  and  the  blank  (1)  is  at  a  temperature  at 
which  it  can  conform  to  the  shape  of  the  first 
diaphragm  (2),  the  edges  of  the  first  diaphragm 
(2)  being  constrained  against  movement,  wherein 
the  first  diaphragm  (2)  is  urged  against  the  blank 
(1)  by  pressure  applied  to  substantially  all  the 
surface  of  the  first  diaphragm  (2)  remote  from  the 
blank  (1)  so  that  the  blank  (1)  is  deformed  and 
pressed  against  the  mould  surface  (7,  10)  by  the 
first  diaphragm  (2),  characterised  in  that  the  first 
diaphragm  (2)  is  of  superplastic  metal. 

2.  A  method  according  to  claim  1,  in  which  said 
blank  (1  )  comprises  a  non-superplastic  aluminium 
alloy. 

3.  A  method  according  to  claim  1  or  2,  in  which 
said  blank  (1)  has  a  thickness  from  0.2  to  6.0  mm. 

4.  A  method  according  to  any  preceding  claim, 
in  which  said  first  diaphragm  (2)  is  of  superplastic 
aluminium  alloy. 

5.  A  method  according  to  any  preceding  claim, 
in  which  a  further  diaphragm  (2)  of  metal  which  is 
capable  of  being  deformed  plastically  at  an  ele- 
vated  temperature  is  disposed  in  contact  with 
said  surface  of  the  blank  (1)  opposite  the  first 
diaphragm  (2)  and  both  diaphragms  (2),  with  the 
blank  (1)  between  them,  are  urged  against  the 
mould  surface  (7,  10). 

6.  A  method  according  to  claim  5,  in  which  the 
diaphragms  (2)  and  blank  (1)  are  deformed  by 
pneumatic  pressure  before  the  surface  of  the 
blank  (1)  is  disposed  adjacent  the  mould  surface 
(7,  10). 

7.  A  method  according  to  claim  5  or  6,  in  which 
the  periphery  of  the  diaphragms  (2)  having  the 
blank  (1)  between  is  hermetically  sealed  and  an 

so  that  it  conforms  exactly  to  the  tool  shape. 
During  this  step  the  pneumatic  pressure  is  pro- 
gressively  increased  from  zero  to  758  KN/m2  (110 
psi)  over  a  period  of  10  minutes.  When  the 
superplastic  deformation  of  the  diaphragm  is  5 
complete  the  pneumatic  pressure  is  released,  the 
tool  withdrawn  and  the  hot  diaphragm  and 
shaped  blank  are  removed  from  the  press  and 
separated. 

During  the  deformation  steps  the  blank,  being  10 
constrained  by  the  diaphragm  and  tool  over  its 
whole  area,  is  deformed  plastically  without 
appreciable  local  thinning  or  wrinkling. 

The  method  of  shaping  shown  in  Figures  4  to  6 
is  generally  similar  to  that  of  Figures  1  to  3  and  is 
like  numerals  designate  like  components.  How- 
ever,  in  this  case  two  diaphragms  2  are  provided, 
one  on  each  side  of  the  blank  1,  and  during 
deformation  the  blank  is  constrained  in  plastic 
flow  by  both  diaphragms.  As  for  the  method  of  20 
Figures  1  to  3,  the  edge  parts  of  the  diaphragms 
are  clamped  between  members  5  and  6  but  the 
stripper  plate  and  the  blank  are  not  clamped.  In 
this  method  the  first  deformation  step  comprises 
blowing  of  a  "bubble"  by  means  of  pneumatic  25 
pressure  exerted  below  the  diaphragms/blank 
assembly,  as  shown  in  Figure  4.  During  this  step 
the  lower  clamping  member  5  forms  a  hermetic 
seal  with  the  lower  diaphragm  2.  During  this 
bubble-blowing  operation  the  two  diaphragms  30 
constrain  the  blank,  preventing  local  thinning  and 
wrinkling  as  the  blank  is  deformed.  The  pneu- 
matic  pressure  is  then  released  and  the  male  tool 
7  raised,  as  shown  in  Figure  5,  to  deform  the 
diaphragms  and  blank  further.  Pneumatic  35 
pressure  is  then  exerted  on  the  upper  side  of  the 
diaphragms/blank  assembly  (Fig.  6)  to  form  the 
blank  to  the  shape  of  the  tool  as  in  the  embodi- 
ment  of  Figure  3. 

During  the  method  of  Figures  4  to  6  the  blank  is  40 
constrained  to  flow  plastically  by  the  two  dia- 
phragms  so  that  local  thinning  and  wrinkling  are 
inhibited.  These  effects  can  be  inhibited  further  by 
applying  an  increased  background  pneumatic 
pressure  throughout  the  method  so  that  the  45 
diaphragms  are  urged  against  the  blank  through- 
out  the  process.  The  edges  of  the  blank/dia- 
phragms  assembly  may  be  sealed  before  this 
increased  pressure  is  applied  so  that  the  exterior 
pressure  exceeds  the  interior  pressure.  so 

In  the  methods  illustrated  by  Figures  1  to  6  it  is 
possible  to  supplement  the  action  of  the  draw 
ring  in  the  first  deformation  step  by  applying 
increased  pneumatic  pressure  above  the  dia- 
phragm  and  blank;  alternativeiv  it  may  be  poss-  55 
ible  to  omit  the  draw  ring  and  rely  entirely  on  this 
pneumatic  pressure  to  form  the  diaphragm/blank 
assembly  to  its  required  shape  around  the  tool. 

In  the  method  shown  in  Figures  7  and  8  a 
female  mould  10  is  used  and  a  heated  assembly  eo 
of  blank  1  and  diaphragm  2  of  the  same  type  as  in 
the  embodiment  of  Figure  1  is  placed  over  the 
mould:  the  edges  of  diaphragm  2  are  clamped  to 
the  mould  edges  by  clamp  1  1  but  the  edges  of  the 
blank  1  are  not  clamped.  Pneumatic  pressure  is  65 
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aus  Metall,  das  bei  erhohter  Temperatur  plastisch 
verformbar  ist,  in  Kontakt  mit  der  genannten 
Flache  des  Rohlings  (1)  gegeniiber  der  ersten 
Membran  (2)  angeordnet  wird  und  beide  Mem- 

5  branen  (2),  mit  dem  Rohling  (1)  dazwischen, 
gegen  die  Formflache  (7,  10)  gedriickt  werden. 

6.  Verfahren  nach  Anspruch  5,  bei  dem  die 
Membranen  (2)  und  der  Rohling  (1)  durch  pneu- 
matischen  Druck  verformt  werden,  bevor  die  Fla- 

w  che  des  Rohlings  (1)  benachbart  der  Formflache 
(7,  10)  angeordnet  wird. 

7.  Verfahren  nach  Anspruch  5  oder  6,  bei  dem 
der  Umfang  der  Membranen  (2),  zwischen  denen 
der  Rohling  (1)  vorliegt,  hermetisch  abgedichtet 

15  wird  und  ein  erhohter  Grunddruck  an  die  durch 
den  Rohling  (1)  und  die  Membran  (2)  gebildete 
Gruppe  wahrend  der  Verformung  angeiegt  wird. 

8.  Verfahren  nach  einem  der  vorhergehenden 
Anspriiche,  bei  dem  die  Form  eine  Patrize  (7)  ist, 

20  die  gegen  die  genannte  Flache  des  Rohlings  (1) 
gegeniiber  der  ersten  Membran  (2)  vorbewegt 
und  gegen  diese  Flache  gedruckt  wird. 

9.  Verfahren  nach  Anspruch  8,  bei  dem  jener 
Rand  der  ersten  Membran  (2),  der  sich  auf  der  von 

25  der  Form  (7)  abgelegenen  Seite  des  Rohlings  (1) 
befindet,  von  einem  Ziehring  (4)  erfaBt  wird,  der 
den  Bereich  des  Rohlings  (1)  umgibt,  gegen  den 
die  Form  (7)  bewegt  wird. 

10.  Verfahren  nach  einem  der  Anspruche  1  bis 
30  7,  bei  dem  die  Form  eine  Matrize  (10)  ist,  die 

Membran  (2)  auf  der  von  der  Form  (10)  abgelege- 
nen  Seite  des  Rohlings  (1)  am  Rand  der  Form  (10) 
festgeklemmt  wird  und  die  Membran  (2):und  der 
Rohling  (1)  durch  pneumatischen  oder  mechani- 

35  schen  Druck  gegen  die  Formflache  gedruckt 
werden. 

11.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  bei  dem  ein  Trennmittel  und/oder  ein 
Schmiermittel  zwischen  der  Membran  (2)  bzw. 

40  den  Membranen  (2)  und  dem  Rohling  (1)  ange- 
bracht  wird. 

Revendications 

45  1.  Procede  pour  former  un  article  metallique 
fagonne  par  deformation  en  utilisant  un  moule 
dans  lequel  une  ebauche  en  feuille  de  metal  (1) 
est  amenee  en  contact  sur  I'un  de  ses  cotes  avec 
un  premier  diaphragme  (2)  d'un  metal  qui  est 

so  capable  d'etre  deforme  plastiquement  a  une  tem- 
perature  elevee,  une  surface  de  I'ebauche  qui  est 
opposee  au  premier  diaphragme  (2)  est  disposee 
en  contact  avec  ou  adjacente  a  une  surface  de 
moule  (7,  10)  et  I'ebauche  en  feuille  de  metal  (1)  et 

55  la  surface  de  moule  (7,  10)  sont  sollicitees  I'une 
contre  I'autre,  alors  que  le  premier  diaphragme 
(2)  est  a  une  temperature  a  laquelle  il  peut  etre 
deforme  plastiquement  et  I'ebauche  (1)  est  a  une 
temperature  a  laquelle  elle  peut  se  conformer  a  la 

60  forme  du  premier  diaphragme  (2),  les  bords  du 
premier  diaphragme  (2)  etant  retenus  de  maniere 
a  ne  pouvoir  se  deplacer  pendant  la  deformation, 
le  premier  diaphragme  (2)  etant  sollicite  contre 
I'ebauche  (1)  par  une  pression  appliquee  sur 

65  sensiblement  toute  la  surface  du  premier  dia- 

increased  background  pressure  is  applied  to  the 
assembly  formed  by  the  blank  (1)  and  dia- 
phragms  (2)  during  deformation. 

8.  A  method  according  to  any  preceding  claim, 
in  which  the  mould  is  a  male  mould  (7)  which  is 
advanced  against  said  surface  of  the  blank  (1) 
opposite  the  first  diaphragm  (2)  and  urged 
against  said  surface. 

9.  A  method  according  to  claim  8,  in  which  that 
edge  of  the  first  diaphragm  (2)  which  is  on  the 
side  of  the  blank  (1)  remote  from  the  mould  (7)  is 
engaged  by  a  draw  ring  (4)  surrounding  the  area 
of  the  blank  (1)  against  which  the  mould  (7)  is 
advanced. 

10.  A  method  according  to  any  one  of  claims  1 
to  7,  in  which  the  mould  is  a  female  mould  (10), 
the  diaphragm  (2)  on  the  side  of  the  blank  (1) 
remote  from  the  mould  (10)  is  clamped  at  the 
edge  of  the  mould  (10)  and  the  diaphragm  (2)  and 
blank  (1)  are  urged  against  the  mould  surface  by 
pneumatic  or  mechanical  pressure. 

1  1  .  A  method  according  to  any  preceding  claim, 
in  which  a  parting  agent  and/or  a  lubricating 
agent  are  applied  between  the  diaphragm  (2)  or 
diaphragms  (2)  and  the  blank  (1). 

Patentanspruche 

1.  Verfahren  zum  Formen  eines  geformten 
metallischen  Gegenstandes  durch  Verformen 
unter  Verwendung  einer  Form,  bei  dem  ein 
Metallblechrohling  (1)  an  einer  Seite  mit  einer 
ersten  Membran  (2)  aus  einem  Metall,  das  bei 
erhohter  Temperatur  plastisch  verformbar  ist,  in 
Kontakt  gebracht  wird,  eine  Flache  des  Rohlings 
gegenuber  der  ersten  Membran  (2)  in  Kontakt  mit 
oder  benachbart  einer  Formflache  (7,  10)  ange- 
ordnet  wird,  und  der  Metallblechrohling  (1)  sowie 
die  Formflache  (7,  10)  zusammengedruckt 
werden,  wahrend  die  erste  Membran  (2)  eine 
Temperatur  hat,  bei  der  sie  plastisch  verformt 
werden  kann,  und  der  Rohling  (1)  eine  Tempera- 
tur  hat,  bei  der  er  sich  der  Form  der  ersten 
Membran  (2)  anpassen  kann,  deren  Rander  gegen 
ein  Bewegen  festgehalten  werden,  wobei  die 
erste  Membran  (2)  gegen  den  Rohling  (1)  durch 
einen  Druck  angedruckt  wird,  der  im  wesentlichen 
uber  die  gesamte  vom  Rohling  (1)  abgelegene 
Flache  der  ersten  Membran  (2)  aufgebracht  wird, 
so  daB  der  Rohling  (1)  verformt  und  durch  die 
erste  Membran  (2)  gegen  die  Formflache  (7,  10) 
angeprefct  wird,  dadurch  gekennzeichnet,  daB  die 
erste  Membran  (2)  aus  superplastischem  Metall 
ist. 

2.  Verfahren  nach  Anspruch  1,  bei  dem  der 
Rohling  (1)  aus  einer  nicht-superplastischen 
Aluminiumlegierung  besteht. 

3.  Verfahren  nach  Anspruch  1  oder  2,  bei  dem 
der  Rohling  (1  )  eine  Dicke  von  0,2  bis  6,0  mm  hat. 

4.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  bei  dem  die  erste  Membran  (2)  aus 
einer  superplastischen  Aluminiumlegierung 
besteht. 

5.  Verfahren  nach  einem  der  vorhergehenden 
Anspruche,  bei  dem  eine  weitere  Membran  (2) 
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lequel  la  peripherie  des  diaphragmes  (2)  compre- 
nant  entre  eux  I'ebauche  (1)  est  fermee  de  fagon 
hermetique  et  une  contre-pression  arriere  accrue 
est  appliquee  a  I'ensemble  forme  par  I'ebauche 
(1  )  et  les  diaphragmes  (2)  pendant  la  deformation. 

8.  Procede  selon  l'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  le  moule  (7)  est 
un  moule  male  qui  est  avance  contre  ladite 
surface  de  I'ebauche  (1)  qui  est  opposee  au 
premier  diaphragme  (2)  et  sollicitee  contre  ladite 
surface. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
le  bord  du  premier  diaphragme  (2)  qui  est  sur  le 
cote  de  I'ebauche  (1)  qui  est  eloigne  du  moule  est 
en  contact  avec  un  anneau  de  traction  (4)  entou- 
rant  la  surface  de  I'ebauche  (1)  contre  laquelle  le 
moule  (7)  est  avance. 

10.  Procede  selon  l'une  quelconque  des  reven- 
dications  1  a  7,  dans  lequel  le  moule  est  un  moule 
femelle  (10),  le  diaphragme  (2)  sur  le  cote  de 
I'ebauche  qui  est  eloigne  du  moule  (10)  est  serre 
au  bord  du  moule  (10)  et  le  diaphragme  (2)  et 
I'ebauche  (1)  sont  sollicites  contre  la  surface  du 
moule  par  une  pression  pneumatique  ou  mecani- 
que. 

11.  Procede  selon  l'une  quelconque  des  reven- 
dications  precedentes,  dans  lequel  un  agent  de  de 
moulage  et/ou  un  agent  de  lubrification  sont 
appliques  entre  le  diaphragme  (2)  ou  les  dia- 
phragmes  (2)  et  I'ebauche  (1). 

phragme  (2)  eloignee  de  I'ebauche  (1)  de  telle 
sorte  que  I'ebauche  (1)  est  deformee  et  pressee 
contre  la  surface  du  moule  (7,  10)  par  le  premier 
diaphragme  (2)  caracterise  en  ce  que  ledit  pre- 
mier  diaphragme  (2)  est  en  metal  superplastique.  5 

2.  Procede  selon  la  revendication  1,  dans  lequel 
ladite  ebauche  (1)  comprend  un  alliage  d'alumi- 
nium  non  superplastique. 

3.  Procede  selon  la  revendication  1  ou  2,  dans 
lequel  ladite  ebauche  (1)  a  une  epaisseur  com-  io 
prise  entre  0,2  et  6,0  mm. 

4.  Procede  selon  l'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  ledit  premier 
diaphragme  (2)  est  en  alliage  d'aiuminium  super- 
plastique.  is 

5.  Procede  selon  l'une  quelconque  des  revendi- 
cations  precedentes,  dans  lequel  un  autre  dia- 
phragme  (2)  en  metal  qui  est  capable  d'etre 
deforme  plastiquement  a  une  temperature  elevee 
est  dispose  en  contact  avec  ladite  surface  de  20 
I'ebauche  (1  )  opposee  au  premier  diaphragme  (2), 
et  les  deux  diaphragmes  (2),  I'ebauche  (1)  etant 
disposee  entre  eux,  sont  sollicites  contre  la  sur- 
face  de  moule  (7,  10). 

6.  Procede  selon  la  revendication  5,  dans  lequel  25 
les  diaphragmes  (2)  et  I'ebauche  (1)  sont 
deformes  par  pression  pneumatique  avant  que  la 
surface  de  I'ebauche  (1  )  soit  disposee  adjacente  a 
la  surface  de  moule  (7,  10). 

7.  Procede  selon  la  revendication  5  ou  6,  dans  30 
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