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©  Pressing  contoured  shapes. 
(st)  A  process  for  forming  superplastically  deformable  sheet 
metal  into  contoured  shapes,  especially  complex  saddle 
shapes  having  compound  curvature,  utilises  the  technique  of 
pressure  forming  in  combination  with  a  forming  tool  with  the 
sheet  metal  in  condition  for  superplastic  deformation.  A 
preform  of  superplastically  deformable  sheet  metal  is  first 
formed  and  then  sealed  to  a  pressure  box.  A  forming  tool  is 
engaged  with  the  preform  face  external  of  the  pressure  box 
and,  under  conditions  for  superplastic  deformation,  the 
sheet  metal  is  pressure-formed  into  conformity  with  the 
forming  tool.  Apparatus  for  performing  the  process  is  also 
disclosed. 

Croydon  Printing  Company  Ltd. 

  A  process  for  forming  superplastically  deformable  sheet 
metal  into  contoured  shapes,  especially  complex  saddle 
shapes  having  compound  curvature,  utilises  the  technique  of 
pressure  forming  in  combination  with  a  forming  tool  with  the 
sheet  metal  in  condition  for  superplastic  deformation.  A 
preform  of  superplastically  deformable  sheet  metal  is  first 
formed  and  then  sealed  to  a  pressure  box.  A  forming  tool  is 
engaged  with  the  preform  face  external  of  the  pressure  box 
and,  under  conditions  for  superplastic  deformation,  the 
sheet  metal  is  pressure-formed  into  conformity  with  the 
forming  tool.  Apparatus  for  performing  the  process  is  also 
disclosed. 



THIS  INVENTION  concerns  the  pressing  of  contoured  shapes  in  s h e e t  

metal,  using  the  technique  of  superplastic  forming.  

There  are  many  available  techniques  for  pressing  contoured  shapes  

from  sheet  metal.  However  the  pressing  of  saddle-sect ion  shapes,  e spec ia l ly  

in  workpieces  of  extended  length,  is  difficult  to  accomplish,   pa r t i cu l a r l y  

when  configurat ional   accuracy  and/or  a  high  surface  finish  is  required  for  

both  surfaces  of  the  product,  and  especially  when  the  product  is  a lso 

required  to  have  compound  curvature.   The  reason  for  this  is  that  t e chn iques  

employing  matched  male  and  female  press  tools  involve  drawing  of  the  s h e e t  

material  and  also  involve  the  application  of  a  variable,  non - i so s t a t i c ,  

pressure  in  the  direction  of  the  thickness  of  the  sheet  material   in  the  c losed 

condition  of  the  tools.  Accordingly,  vacuum/pressure   forming  t echn iques ,  

and  techniques  involving  the  use  of  relatively  flexible  diaphragms  engaging  

one  surface  of  the  workpiece  and  subject  to  fluid  pressure  to  force  t h e  

workpiece  against  a  tool,  have  been  developed.  An  object  of  the  p resen t  

invention  is  to  provide  a  process  and  equipment  for  pressing  con tou red  

shapes  from  sheet  metal  that  avoids  various  disadvantages  of  the  known 

techniques .  

In  its  broadest  aspect  the  present  invention  provides  a  process  for  t h e  

superplastic  forming  of  sheet  metal  into  contoured  shapes,  compr is ing  

establishing  a  preform  of  superplastically  deformable  sheet  metal;  seal ingly  

securing  the  periphery  of  said  preform  in  a  pressure  box  and,  with  t h e  

preform  at  a  t empera tu re   appropriate  for  superplastic  forming,  engaging 

said  preform  with  a  forming  tool  to  support  the  face  of  the  preform  ex t e rna l  

of  the  pressure  box;  and  applying  fluid  pressure  to  said  pressure  box  t o  

effect  superplast ic   deformation  of  the  preform  into  conformity   with  t h e  

forming  tool .  



Preferably  sold  forming  tool  Is  a  male  tool  and  Is  thrust  into 

engagement  with  the  preform  to  accomplish  a  prel iminary -forming  of  t he  

latter,  e.g.  to  accomplish  partial  s t re tch-forming  of  the  preform.  This 

procedure  is  especially  desirable  when  a  preform  of  single  curvature   is  to  be 

formed  to  a  final  product  having  compound  c u r v a t u r e  

The  process  may  be  applied  to  the  forming  of  any  superp las t i ca l ly  

deformable  sheet  metal,   for  example,  titanium  and  t i tanium  alloy  sheet,  and 

stainless  steel  shee t .  

The  invention  is  especially  applicable  to  the  production  of  ex t ended ,  

non-linear,  saddle-sect ion  shapes,  such  as  erosion  shields  for  helicopter  ro to r  

blades  having  leading  edges  that  exhibit  spanwise  non- l inea r i ty .  

In  carrying  out  the  process  of  the  invention,  a  suitable  preform  of  t h e  

sheet  metal  to  be  formed  is  constructed,   using  hot  or  cold  forming 

techniques  as  appropria te   to  the  metal  and  to  the  preform  shape  requi red .  
The  preform  is  then,  if  necessary,  heated  to  the  required  t e m p e r a t u r e   for  

superplastic  forming  either  in  situ  adjacent  to  the  pressure  box  or  ex t e rna l l y  
in  a  pre-heating  chamber  such  as  an  infra-red  oven.  If  external   p r e - h e a t i n g  
is  employed,  the  pre-heated  preform,  at  the  forming  t empera tu re ,   is 

t ransferred  to  the  pressure  box  and  secured  t he re in .  

The  preform  is  next  engaged  by  the  forming  tool  and  then  is 

superplastically  deformed  into  conformity  with  the  conf igurat ion  of  t h e  

tool,  by  causing  the  preform  to  move  towards  the  tool  by  the  application  of  

fluid  pressure  to  the  pressure  box. 

The  invention  also  provides  apparatus  for  performing  the  process  
thereof.  Thus  in  another  aspect  the  invention  provides  apparatus  for  

forming  sheet  metal,   comprising  a  pressure  box  and  means  for  seal ingly 

securing  the  periphery  of  a  superplastically  deformable  sheet  metal  p r e fo rm 

therein;  a  forming  tool  for  engaging  the  face  of  the  preform  external  of  t he  

pressure  box;  and  means  for  applying  fluid  pressure  to  said  pressure  box  t o  

effect  superplastic  deformation  of  the  preform  into  conformity   with  t h e  

forming  tool .  



A  typical  embodiment   of  apparatus  in  accordance  with  the  Invent ion 

is  i l lustrated  in  the  accompanying  drawings,  in  which: 

FIGURE  I is  an  exploded,  semi-d iagrammat ic ,   perspec t ive   view  of  

the  principal  components   of  the  appara tus ;  

FIGURE  2  is  a  diagrammatic  t ransverse  sectional  view  of  t h e  

apparatus  at  a  first  stage  in  the  operation  t he r eo f ;  

FIGURE  3  is  a  corresponding  view  at  a  second  stage;  a n d  

FIGURE  4  is  a  corresponding  view  at  the  conclusion  of  the  ope ra t ion .  

The  appara tus   shown  in  the  drawings  comprises  an  essent ial ly  rigid 

male  forming  tool  I  adapted  to  be  mounted  directly  or  indirect ly  on  a  lower 

platen  of  a  suitable  press  (not  shown).  A  pressure  box  2  of  a  con f igu ra t ion  

providing  c learance  over  the  tool  I is  carried  by  the  upper  press  platen  (not 

shown)  so  as  to  be  movable  into  position  over  the  tool  a n d   be  held  by  t h e  

press,  to  retain  the  tool  I and  pressure  box  2  in  fixed  relat ive  posi t ions  

during  a  forming  o p e r a t i o n .  

The  appara tus   further  comprises  a  clamping  f rame  3  that  has  a  

sealing  surface  4  complementary   to  the  periphery  of  the  pressure  box  2  and 

serves  to  sealingly  secure  the  periphery  of  a  sheet  metal  preform  in  t h e  

pressure  box  2. 

In  use  of  this  apparatus,   a  preform  5  is  first  fabr ica ted   to  the  a r c h e d  

shape  i l lustrated  in  Figures  I  and  2,  for  instance  by  heating  a  sheet  of  t h e  

required  metal  to  a  suitably  high  tempera ture   and  deforming  the  sheet  by 

simple  pressing.  The  preform  5  is  then  introduced  into  the  pressure  box  2 

and  clamped  in  place  by  means  of  the  clamping  frame  3.  The  preform  is 

raised  to  an  appropr ia te   temperature  either  before  being  introduced  into  t h e  

pressure  box  2,  or  while  in  situ  therein,  e.g.  by  radiant  heating.  Figure  2 

illustrates  the  appara tus   components  and  the  preform  configurat ion  at  th is  

stage  in  the  o p e r a t i o n .  



The  forming  tool  I  is  then  thrust  upwardly,  by  the  press,  in to  

engagement  with  the  preform  5  to  effect  a  preliminary  shaping  of  this,  by  a  

s t retch-forming  procedure  that  is  effective  to  make  the  crest  of  the  a r c h  

shape  of  the  preform  match  the  crest  of  the  tool  I.  Figure  3  i l lustrates  t h e  

apparatus  components  and  t he  p re fo rm  configuration  at  this  stage  in  t h e  

opera t ion .  

Thereafter ,   with  the  preform  supported  by  the  tool  I,  gas  under  

pressure  is  fed  to  the  pressure  box  2  through  inlet  6  to  deform  the  r e m a i n d e r  

of  the  preform  5  into  exact  conformity  with  the  configurat ion  of  the  tool  I. 

This  deformation  utilises  the  superplastic  properties  of  the  sheet  metal  so 

that  upon  subsequent  release  of  gas  pressure  and  removal  of  the  f o r m e d  

product  from  the  tool  a n d   pressure  box  2,  the  product  will  retain  t h e  

configuration  of  the  tool  I  without  spring-back.  Figure  4  i l lustrates  t h e  

apparatus  components  and  the  configuration  of  the  preform  at  the  c o n -  

clusion  of  this  ope ra t ion .  

The  t empera tu re   required  in  the  forming  operation  depends  upon  t h e  

metal  of  the  preform.  In  the  case  of  titanium  sheet,  a  forming  t e m p e r a t u r e  

of  about  930°C  is  appropriate   to  develop  the  required  s u p e r p l a s t i c i t y .  

The  features  disclosed  in  the  foregoing  description,  in  the  fol lowing 

claims  and/or  in  the  accompanying  drawings  may,  both  separa te ly   and  in  any 
combination  thereof,   be  material  for  realising  the  invention  in  diverse  f o rms  

the reo f .  



I.  A  process  for  the  superplastic  forming  of  sheet  metal  into  c o n t o u r e d  

shapes,  character ised  by  the  steps  of:  establishing  a  preform  of  supe r -  

plastically  deformable  sheet  metal;  sealingly  securing  the  periphery  of  sa id  

preform  in  a  pressure  box  and,  with  the  preform  at  a  t e m p e r a t u r e  

appropriate  for  superplastic  forming,  engaging  said  preform  with  a  fo rming  
tool  to  support  the  face  of  the  preform  external  of  the  pressure  box;  and  

applying  fluid  pressure  to  said  pressure  box  to  effect  superplast ic   d e f o r m -  

ation  of  the  preform  into  conformity  with  the  forming  tool .  

2.  A  process  according  to  claim  I,  further  charac ter i sed   in  that  sa id  

forming  tool  is  a  male  tool.  

3.  A  process  according  to  claim  2,  further  charac ter i sed   in  that  sa id  

forming  tool  is  thrust  into  engagement  with  the  preform  to  a c c o m p l i s h  

preliminary  forming  t he reo f .  

4.  A  process  according  to  claim  3,  further  charac ter i sed   in  that  sa id  

forming  tool  is  thrust  into  engagement   with  the  preform  to  a c c o m p l i s h  

preliminary  s t re tch-forming  t he r eo f .  

5.  Apparatus  for  forming  sheet  metal,  charac ter i sed   by  a  pressure  box 

and  means  for  sealingly  securing  the  periphery  of  a  superplast ical ly   d e f o r m -  

able  sheet  metal  preform  therein;  a  forming  tool  for  engaging  the  face  of  

the  preform  external  of  the  pressure  box;  and  means  for  applying  fluid 

pressure  to  said  pressure  box  to  effect   superplastic  deformat ion   of  t h e  

preform  into  conformity  with  the  forming  too l .  

6.  Apparatus  according  to  claim  5,  further  charac ter i sed   in  that  sa id  

forming  tool  is  a  male  tool .  

7.  Apparatus  according  to  claim  6,  further  character ised   by  press  means  
for  thrusting  said  male  tool  into  engagement  with  the  preform  to  accompl i sh  
forming  thereof .  
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