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©  Forming  complex  hollow  sectioned  structural  members. 
  A  method  is  described  of  forming  relatively  complex 
I-sectioned  tubular  beam  from  relatively  simple  O-sectioned 
tubular  stock  either  seamed  or  seamless  provided  that  the 
material  of  the  stock  is  superplastically  deformable.  The 
0-sectioned  stock  is  sealed  and  filled  with  inert  gas,  heated 
to  superplastic  forming  temperature  and,  in  one  embodi- 
ment,  is  placed  in  a  mould  which  has  regions  inwardly 
movable  to  compress  the  stock  into  a  desired  shape,  the 
gaseous  pressure  thus  formed  internally  of  the  sealed  stock 
causing  the  material  of  the  stock  to  conform  to  the  final 
interior  shape  of  the  mould.  In  a  further  embodiment  the 
sealed,  filled  and  heated  stock  is  urged  axially  through  a  die 
which  compresses  the  stock  and  is  again  constrained  to 
conform  with  the  final interior  shape  of the  die  by  virtue  of its 
internal  gaseous  pressure. 



Complex  hollow  s e c t i o n e d   s t r u c t u r a l   members  are  d i f f i c u l t   o r  

i m p o s s i b l e   to  ex t rude   when  they  are  formed  by  c e r t a i n   a l l e y   m a t e r i a l s ;  

thus  some  o the r   method  of  forming  is  n e c e s s a r y .   At  l e a s t   some  o f  

t hese   a l l o y   m a t e r i a l s   are  s u s c e p t i b l e   to  s u p e r p l a s t i c   d e f o r m a t i o n   a n d ,  

moreover,   they  can  be  s u p p l i e d   as  t u b u l a r   s tock ,   e i t h e r   seamed  o r  

seamless .   I t   is  to  t h i s   s u p e r p l a s t i c a l l y   de formable   t u b u l a r   s t o c k  

t h a t   the   p r e s e n t   i n v e n t i o n   r e l a t e s .  

I t   is  thus  an  o b j e c t   of  the  p r e sen t   i n v e n t i o n   to  p rov ide   a  

method  of  forming  a  s t r u c t u r a l   member  of  r e l a t i v e l y   complex  c r o s s  

s e c t i o n a l   shape  from  t u b u l a r   stock  or  r e l a t i v e l y   simple  c ros s   s e c t i o n ,  

for  example  the  method  of  the  i n v e n t i o n   a l lows  a  t u b u l a r   o r  

p a r t - t u b u l a r   g e n e r a l l y   I - s e c t i o n   s t r u c t u r a l   member  to  be  formed  f r o m  

t u b u l a r   stock  of  g e n e r a l l y   c i r c u l a r ,   r e c t a n g u l a r ,   or  o ther   c r o s s  

s e c t i o n a l   shape  in  a  r e l a t i v e l y   i nexpens ive   and  rapid  manne r .  

According  to  the  p r e s e n t   i n v e n t i o n   a  method  of  forming  a  

s t r u c t u r a l   member  from  t u b u l a r   stock  of  s u p e r p l a s t i c a l l y   d e f o r m a b l e  

a l loy   m a t e r i a l   by  using  r e l a t i v e   movement  between  at  l e a s t   some  p a r t s  

of  c o n s t r i c t i o n   means  and  the  t u b u l a r   s tock ,   the  c o n s t r i c t i o n   means 

having  i n t e r i o r   s u r f a c e s   which  are  shaped  to  p rov ide   a  d e s i r e d  

c o n f i g u r a t i o n   at  the  f i n a l   method  s t ep ,   inc lud ing   the  not  n e c e s s a r i l y  

s e q u e n t i a l   s t eps   o f : -  

(a)  s c a l i n g   the  t u b u l a r   stock  to  form  a  p r e s s u r i s a b l e   e n v e l o p e  

and  f i l l i n g   the  envelope   with  g a s ,  

(b)  i n t r o d u c i n g   the  stock  in to   the  c o n s t r i c t i o n   means ,  



(c)  h e a t i n g   the  stock  to  w i th in   the  range  at  w h i c h  

s u p e r p l a s t i c   d e f o r m a t i o n   can  take  p l ace ,   and  s u b s e q u e n t l y   to  t h e s e  

s t e p s ,  

(d)  a c t i v e l y   f o r c i n g   at  l e a s t   some  regions   of  the  t u b u l a r   s t o c k  

inwardly  a g a i n s t   i t s   i n t e r i o r   gaseous  p r e s s u r e   by  r e l a t i v e   movement  o f  

at  l e a s t   pa r t   of  the   c o n s t r i c t i o n   means  and  the  t u b u l a r   s tock ,   w h e r e b y  

the  i n t e r i o r   p r e s s u r e   of  the  stock  se rves   to  hold  the  m a t e r i a l   of  t h e  

stock  a g a i n s t   the  i n t e r i o r   s u r f a c e s   of  the   c o n s t r i c t i o n   means  and  t h u s  

to  cause  it   to  adopt  the  f i n a l   c o n f i g u r a t i o n   t h e r e o f .  

Where  the  c o n s t r i c t i o n   means  comprise   a  mould  with  at  l e a s t   o n e  

inwardly  movable  r e g i o n ,   the  r e l a t i v e   movement  is  e f f e c t e d   by  f o r c i n g  

the  movable  reg ion   from  a  p o s i t i o n   in  which  the  t u b u l a r   stock  can  b e  

in t roduced   into  the  mould  to  a  f i n a l   p o s i t i o n   in  which  the  t u b u l a r  

stock  is  a c t i v e l y   f o r ced   to  adopt  a  f i n a l   c o n f i g u r a t i o n .  

Where  the  c o n s t r i c t i o n   means  comprise   a  die   having  an  a p e r t u r e  

t h e r e t h r o u g h   of  c r o s s - s e c t i o n a l   shape  changing  from  a  shape  into  w h i c h  

the  stock  can  be  i n t r o d u c e d   to  a  f i n a l   d e s i r e d   shape,   the  r e l a t i v e  

movement  is  e f f e c t e d   by  fo rc ing   the  stock  through  the  die  whereby  t h e  

stock  is  a c t i v e l y   fo rced   to  adopt  the  f i n a l   de s i r ed   s h a p e .  

Some  examples  of  a  method  accord ing   to  the  i n v e n t i o n   and  

a p p a r a t u s   for  c a r r y i n g   out  the  method  are  d e s c r i b e d   in  the  f o l l o w i n g  

d r a w i n g s  i n   w h i c h  

Figure   1  is  a  c ro s s   s e c t i o n a l   view  of  a  too l   with  t u b u l a r   s t o c k  

ready  to  be  f o rmed ,  

F igure   2  is  a  s i m i l a r   view  of  the  too l   during  f o r m i n g ,  

Figure   3  is  a  s i m i l a r   view  to  t ha t   of  the  p rev ious   F igures   b u t  

with  the  tool   in  a  f i n a l   forming  p o s i t i o n ,   and ,  



Figure   4  is  yet   a  f u r t h e r   s i m i l a r   view,  but  of  an  a l t e r n a t i v e  

a r r a n g e m e n t .  

R e f e r r i n g   i n i t i a l l y   to  F igu re s   1-3,  a  moulding  t oo l   c o m p r i s e s  

spaced  upper  and  lower  members  10,  11  having  fac ing   s u r f a c e s   12,  13 

r e s p e c t i v e l y .   In  between  these   s u r f a c e s   are  p rov ided   s i d e  

members  14,  15  each  having  f ac ing   s u r f a c e s   16,  17  r e s p e c t i v e l y .  

Urging  means,  not  shown,  are  provided  to  urge  the  s ide  members  14,  15 

inwards  towards   each  o ther   in  a  c o n t r o l l e d   m a n n e r .  

The  s u r f a c e s   12,  13  and  16,  17  form  the  i n t e r i o r   of  the  mould  and  a r e  

thus  shaped  to  form  the  f i n a l   c o n f i g u r a t i o n   of  an  a r t i c l e   to  b e  

moulded  when  the  s ide   members  are  in  the  f u l l y   inward  p o s i t i o n .  

In  use  a  s e c t i o n   20  of  t u b u l a r   stock  of  s u p e r p l a s t i c a l l y  

deformable   m a t e r i a l   is  sea led   at  both  ends  and  f i l l e d   with  an  i n e r t  

gas.   I t   is  p laced   in  the  mould  when  the  s ide  menbers  14,  15  are  i n  

the  outward  p o s i t i o n .   The  s e c t i o n   is  c o n v e n i e n t l y   of  c i r c u l a r   f o r m ,  

but  other   shapes  can  be  u t i l i s e d   with  e f f e c t .   When  heated  to  w i t h i n  

the  t e m p e r a t u r e   range  at  which  s u p e r p l a s t i c   de fo rma t ion   can  t a k e  

p lace ,   the  s ide   members  14,  15  are  urged  inwards  to  c o n t a c t   and 

g r a d u a l l y   deform  the  t u b u l a r   s tock .   The  gaseous  p r e s s u r e   w i th in   t h e  

s e c t i o n   of  t u b u l a r   stock  causes  the  m a t e r i a l   t h e r e o f   to  be  u r g e d  

aga in s t   the  i n t e r i o r   of  the  mould  as  i l l u s t r a t e d   in  F igure   2 .  

The  gaseous  p r e s s u r e   is  e i t h e r   the  r e s u l t   of  cha rg ing   t h e  

s ec t i on   with  a  p r e s s u r i s e d   gas  i n i t a l l y ,   or  the  r e s i d u a l   p r e s s u r e  

genera ted   by  the  c o n s t r i c t i o n   e f f e c t   of  the  mould  s ide  p o r t i o n s .  

N a t u r a l l y   i t   can  a l so   be  a  combina t ion   of  b o t h .  



Figure   3  shows  a  f i n a l   c o n f i g u r a t i o n   where  the  s i d e  

members  14,  15  are  moved  to  t h e i r   most  inward  p o s i t i o n .   In  t h i s  

p o s t i o n ,   two  opposed  s u r f a c e s   16  -,   17-  urge  two  r eg ions   of  t h e  

c i r c u l a r   s e c t i o n e d   s tock  (which  r eg ions   were  o r i g i n a l l y   d i a m e t r i c a l l y  

o p p o s i t e   of  one  another)   t o g e t h e r   to  form  a  double   l aye red   web  of  a  

g e n e r a l l y   I - s e c t i o n e d   beam.  Where  the  m a t e r i a l   is  s u i t a b l e ,   d i f f u s i o n  

bonding  can  be  e f f e c t e d   at  t h i s   region  by  caus ing   the  s i d e  

members  14,  15  to  be  s u f f i c i e n t l y   s t r o n g l y   urged  to  produce  t h e  

n e c e s s a r y   bonding  p r e s s u r e .  

As  can  be  seen  in  F igure   3,  the  f i na l   a r t i c l e   is  an  I - s e c t i o n e d  

beam  with  hollow  f l a n g e s   at  the  top  and  bottom  j o ined   by  a  d o u b l e  

l aye red   d i f f u s i o n   b a n d e d  w e b .  

Re fe r r i ng   now  to  the  embodiment  of  F igure   4,  a  s i m i l a r   mould 

too l   to  t h a t   of  the  p r ev ious   f i g u r e s   is  p rov ided ,   but  is  modif ied  t o  

have  reg ions   formed  in  the  s u r f a c e s   12,  13  of  the   upper  and  l o w e r  

members  to  accommodate  capping  members,  21,  22.  These  capping  members 

are  of  d i f f u s i o n   bondable   m a t e r i a l   so  t h a t   when  the  m a t e r i a l   of  t h e  

c y l i n d r i c a l   stock  20  is  urged  a g a i n s t   them  under  a  s u i t a b l e   p r e s s u r e  

exer ted   by  the  p r e s s u r e   w i th in   the  stock  s e c t i o n   under  the  ac t ion   o f  

the  u rgeab le   side  memembers  14,  15  d i f f u s i o n   bonding  at  reg ions   23,  24 

t akes   p l ace .   Thus  a  r e i n f o r c e d   I - s e c t i o n   a r t i c l e   can  be  fo rmed .  

The  above  methods  and  a p p a r a t u s   can  be  used  to  form  cons t an t   o r  

vary ing   s ec t ioned   a r t i c l e s .  

As  an  a l t e r n a t i v e   to  the  moulding  tool   of  the  above  f i g u r e s  

which  produces  an  a r t i c l e   from  a  s i n g l e   s e c t i o n   of  the  stock  and  i s  

thus  a  ba tch   p rocess ,   i t   is  p o s s i b l e   to  use  the  t e c h n i q u e   for  a  f l o w  



process   by  r ep l ac ing   the  mould  tool   with  a  die  through  which  moving 

s tock,   having  a  p re s su re   sealed  i n t e r i o r   is  passed  for  forming.   The 

die  is  of  varying  cross  s e c t i o n a l   area,   for  example,  changing  f rom 

tha t   of  F igure   1  at  i t s   i n l e t   end  to  tha t   of  Figure  3  at  i t s   o u t l e t  

end .  



1.  A  method  of  forming  a  s t r u c t u r a l   member  from  t ubu l a r   stock  o f  

s u p e r p l a s t i c a l l y   deformable   a l loy   m a t e r i a l   by  using  r e l a t i v e   movement 

between  at  l e a s t   some  p a r t s   of  c o n s t r i c t i o n   means  and  the  t u b u l a r  

s tock ,   the  c o n s t r i c t i o n   means  having  i n t e r i o r   s u r f a c e s   which  a r e  

shaped  to  provide   a  d e s i r e d   c o n f i g u r a t i o n   at  the  f i n a l   method  s t e p ,  

inc luding   the  not  n e c e s s a r i l y   s e q u e n t i a l   s teps   o f : -  

(a)  s ea l ing   the  t u b u l a r   stock  to  form  a  p r e s s u r i s a b l e   e n v e l o p e  

and  f i l l i n g   the  envelope  with  g a s ,  

(b)  i n t r o d u c i n g   the  stock  into  the  c o n s t r i c t i o n   means,  

(c)  hea t ing   the  stock  to  wi th in   the  range  at  w h i c h  

s u p e r p l a s t i c   de fo rmat ion   can  take  p lace ,   and,  s u b s e q u e n t l y   to  these  s t e p s ,  

(d)  a c t i v e l y   fo rc ing   at  l e a s t   some  r eg ions   of  the  t u b u l a r  

stock  inwardly  a g a i n s t   i t s   i n t e r i o r   gaseous  p r e s s u r e   by  r e l a t i v e  

movement  of  at  l e a s t   par t   of  the  c o n s t r i c t i o n   means  and  the  t u b u l a r  

s tock,   whereby  the  i n t e r i o r   p r e s s u r e   of  the  stock  serves   to  hold  t h e  

m a t e r i a l   of  the  stock  aga in s t   the  i n t e r i o r   su r f aces   of  t h e  

c o n s t r i c t i o n   means  and  thus  to  cause  i t   to  adopt  the  f i n a l  

c o n f i g u r a t i o n   t h e r e o f .  

2.  A  method  according  to  claim  1  in  which  the  c o n s t r i c t i o n   means 

comprise  a  mould  with  at  l e a s t   one  inwardly  movable  region  and  t h e  

r e l a t i v e   movement  is  e f f e c t e d   by  forc ing   the  movable  region  from  a  

p o s i t i o n   in  which  the  t u b u l a r   stock  can  be  i n t roduced   into  the  mould 

to  a  f i na l   p o s i t i o n   in  which  the  t ubu la r   stock  is  a c t i v e l y   forces   t o  

adopt  a  f ina l   c o n f i g u r a t i o n .  



3.  A  method  accord ing   to  claim  1  in  which  the  c o n s t r i c t i o n   means 

comprise   a  die  having  an  a p e r t u r e   t h e r e t h r o u g h   of  c r o s s - s e c t i o n a l  

shape  changing  from  a  shape  into  which  the  stock  can  be  in t roduced   t o  

a  f i n a l   de s i r ed   shape  and  the  r e l a t i v e   movement  is  e f f e c t e d   by  f o r c i n g  

the  stock  through  the  die  whereby  the  stock  is  a c t i v e l y   fo rces   t o  

adopt  the  f i n a l   d e s i r e d   s h a p e .  
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