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©  Improved  flexible  mandrel  for  bending  hollow  articles. 
©  The  invention  comprises  a  flexible  mandrel  for  insertion 
into  and  removal  from  a  hollow  member,  said  mandrel  being 
adapted  to  provide  support  for  the  walls  of  the  hollow 
member  in  the  process  of  bending  the  member,  the  mandrel 
comprising  a  plurality  of  elongated  individual  hoses  dis- 
posed  together  in  a  side-by-side  manner  to  form  a  unitary, 
elongated  mandrel  structure,  said  hoses  being  capable  of 
expanding  in  cross  section  when  a  fluid  is  directed  to  them 
under  pressure  at  a  predetermined  pressure  value  and 
contracting  in  cross  section  when  the  pressure  value  is 
lowered  to  or  below  a  predetermined  value,  the  cross- 
sectional  expansion  and  contraction  of  the  hoses  being 
effective  to  expand  and  contract  the  cross-sectional  area  of 
the  mandrel  structure. 
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T h i s   i n v e n t i o n   r e l a t e s   to   a  f l e x i b l e   m a n d r e l  

f o r   b e n d i n g   h o l l o w   a r t i c l e s .  

B e n d i n g   a  n o n - f l e x i b l e   h o l l o w   a r t i c l e .  

i n v o l v e s   some  d e g r e e   of   r i s k   of   u n d e s i r a b l e   b u c k l i n g  

or   d e f o r m a t i o n   of   t h e   a r t i c l e   u n l e s s   some  means   o f  

i n t e r n a l   s u p p o r t ,   s u c h   as  a  m a n d r e l   i s   u t i l i z e d .  

W h i l e   t he   i n s e r t i o n   and   use   of   a  m a n d r e l   w i l l   s e r v e  

to  a d e q u a t e l y   s u p p o r t   t h e   w a l l s   o f  a   h o l l o w   a r t i c l e  

d u r i n g   a  b e n d i n g   o p e r a t i o n ,   w i t h d r a w a l   of   t h e   m a n d r e l  

a f t e r   t h e   b e n d i n g   f u n c t i o n   c an   p r e s e n t   p r o b l e m s   d e p e n d -  

i n g   upon  t he   c o m p l e x i t y   of   t h e   b e n d   and  t h e   f l e x i b i l i t y  

of   t h e   m a n d r e l .  

In  a d d i t i o n   to   t h e   w i t h d r a w a l   p r o b l e m   a  

p r o b l e m   of  i n s e r t i o n   i s   o f t e n   i n v o l v e d   w i t h   a v a i l a b l e  

f l e x i b l e   m a n d r e l s ,   i . e . ,   t h e   d i a m e t e r s   or   c r o s s  

s e c t i o n a l   d i m e n s i o n s   a n d / o r   c o n f i g u r a t i o n s   of   h o l l o w  

m e m b e r s   to  be  b e n t   do  n o t   a l w a y s   m a t c h - t h o s e   of  a v a i l -  

a b l e   m a n d r e l s .   T h i s   r e s u l t s   in   a  d i f f i c u l t   i n s e r t i o n  

e f f o r t   i f   t o l e r a n c e s   a r e   c l o s e .   I f   t h e   m a n d r e l   c r o s s  

s e c t i o n   is   s m a l l e r   t h a n   t h a t   of   t h e   h o l l o w   m e m b e r ,   t h e  

f i t   b e t w e e n   t h e   h o l l o w   member   and  m a n d r e l   i s   t oo   l o o s e  

s u c h   t h a t   t he   h o l l o w   member   i s   n o t   a d e q u a t e l y   s u p p o r t e d  

d u r i n g   the   b e n d i n g   p r o c e s s .  

F u r t h e r ,   b e c a u s e   of   t h e   l a r g e   v a r i e t y   of   s i z e s  

and  s h a p e s   of   h o l l o w   m e m b e r s   t h a t   r e q u i r e   b e n d i n g ,   a  

l a r g e   number   of  m a n d r e l   s i z e s   and  s h a p e s   a r e   r e q u i r e d .  



T h i s   i n v o l v e s   s u b s t a n t i a l   c o s t s   in   k e e p i n g   a  s u p p l y  

of   a p p r o p r i a t e l y   s i z e d   m a n d r e l s   on  h a n d .  

V a r i o u s   a p p r o a c h e s   h a v e   b e e n   a d v a n c e d   t o  

a d d r e s s   t h e   p r o b l e m   of   p r o v i d i n g   a d e q u a t e   s u p p o r t   f o r  

a  h o l l o w   o b j e c t   by  w i t h d r a w a b l e   m a n d r e l   m e a n s .   T h e  

u s e   o f   a  c o i l   s p r i n g   f o r   s u c h   p u r p o s e s   i s   d i s c l o s e d  

by  W e b e r   U . S .   P a t e n t   1 , 5 5 5 , 8 9 5 .   H o w e v e r ,   i f   t h e  

s p r i n g   i s   c o n s t r u c t e d   o f   a  m a t e r i a l  s u f f i c i e n t l y   h a r d  

to   p r o v i d e   t h e   d e s i r e d   s u p p o r t ,   i . e . ,   s p r i n g   s t e e l ,  

t h e   d e f o r m a t i o n   o r   b e n d i n g   o f   t h e   a r t i c l e   may  l e a v e  

o b j e c t i o n a b l e   h e l i c a l   m a r k s ,   p a r t i c u l a r l y   i f   t h e  

a r t i c l e   b e i n g   b e n t   i s   a  s o f t   m e t a l .  

Z i n n b a u e r   e t   a l   U . S .   P a t e n t   3 , 8 4 1 , 1 3 8   p r o -  

p o s e s   t h e   u s e   of   s t i f f   s p h e r i c a l   b a l l s   w i t h i n   a  

t u b u l a r   m e m b e r   to  p r e v e n t   c o l l a p s e   o r   b u c k l i n g   of  t h e  

m e m b e r   d u r i n g   s u b s e q u e n t   f o r m i n g   o p e r a t i o n s .  

H i m s t e d t   U . S .   3 , 2 5 1 , 1 2 6   t e a c h e s   t h e   u s e   o f   a  b u r n a b l e  

m a s s   o f   f i b r o u s   f i l l e r   m a n d r e l   to  be  u s e d   as  a  

r e m o v a b l e   s u p p o r t i n g   m a n d r e l   when  f o r m i n g   c o i l s .  

G i l l   U . S .   P a t e n t   3 , 0 1 6 , 0 8 1   u s e s   a  s t a c k   of   s u b s t a n t i a l -  

ly   f l a t   m e t a l   s t r i p s   to   i n t e r n a l l y   s u p p o r t   a  w a v e g u i d e  

d u r i n g   b e n d i n g   o p e r a t i o n s .  

K u p f r i a n   U .S .   P a t e n t   3 , 9 2 2 , 1 3 4   d i s c u s s e s   t h e  

i n a d e q u a c i e s   o f   p r i o r   a r t   a p p r o a c h e s   f o r   s u p p o r t i n g  

p i p e s   d u r i n g   b e n d i n g   o p e r a t i o n s   and   t h e n   d i s c l o s e s   t h e  

u s e   o f   a  h e l i c a l l y   wound   e x p a n d a b l e   c o i l   o f   f l e x i b l e  

t u b i n g ,   s u c h   as  r u b b e r   w r a p p e d   a r o u n d   a  f l e x i b l e  

m a n d r e l   c o r e .   The  m a n d r e l   i s   i n s e r t e d   i n t o   a  c o n d u i t  

t o   be  f o r m e d   and   a  p r e s s u r i z e d   f l u i d   i s   a p p l i e d   to  t h e  

e x p a n d a b l e   h e l i c a l l y   wound   t u b i n g   to   r e n d e r   t h e   t u b i n g  

t u r g e s c e n t   o r   s w o l l e n .   H o w e v e r ,   t h e   h e l i c a l   s h a p e   o f  

t h e   m a n d r e l   may  g i v e   r i s e   to   t h e   same  o b j e c t i o n s   r a i s e d  

by  t h e   u s e   of   a  s p r i n g   as  w e l l   as  c o m p l i c a t e   t h e   s u b -  

s e q u e n t   w i t h d r a w a l   o f   t h e   m a n d r e l   when   u s e d   i n   s o f t  

h o l l o w   o b j e c t s   due  to   t h e   h e l i c a l   n a t u r e   o f   t h e  

i n d e n t a t i o n s   w h i c h   may  be  made  in   t h e   s o f t   h o l l o w  

o b j e c t   b e i n g   b e n t .  



Summary  of  t he   I n v e n t i o n  

I t   i s ,   t h e r e f o r e ,   an  o b j e c t   of  t h e  i n v e n t i o n  

to  p r o v i d e   a  r a d i a l l y   e x p a n d a b l e   f l e x i b l e   m a n d r e l  

to  s u p p o r t   the   w a l l s   of  a  h o l l o w   member  d u r i n g   f o r m i n g  
o p e r a t i o n s .  

I t   is   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   t o  

p r o v i d e   a  r a d i a l l y   e x p a n d a b l e   f l e x i b l e   m a n d r e l   t o  

s u p p o r t   t he   w a l l s   of  a  h o l l o w   member   d u r i n g   f o r m i n g  

o p e r a t i o n s   c o m p r i s i n g   a  p l u r a l i t y   of  e l o n g a t e d   t u b u l a r  

m e m b e r s   d i s p o s e d   in  t he   h o l l o w   member   g e n e r a l l y  

p a r a l l e l   to  the   a x i s   of  t he   h o l l o w   member   to  f a c i l i t a t e  

s u b s e q u e n t   r e m o v a l   of  t h e   m a n d r e l .  

These   and  o t h e r   o b j e c t s   of  t h e   i n v e n t i o n   w i l l  

be  a p p a r e n t   from  t he   f o l l o w i n g   d e s c r i p t i o n   a n d  

a c c o m p a n y i n g   d r a w i n g s .  

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   a  f l e x i b l e  

m a n d r e l   f o r   i n s e r t i o n   i n t o   and  r e m o v a l   f rom  a  h o l l o w  

member   and  a d a p t e d   to  p r o v i d e   s u p p o r t   f o r   t h e   w a l l s  

of  t h e   h o l l o w   member  in  t h e  p r o c e s s   of   b e n d i n g   t h e  

m e m b e r ,   c o m p r i s e s   a  p l u r a l i t y   o f  e l o n g a t e d   i n d i v i d u a l  

h o s e s   d i s p o s e d   t o g e t h e r   in  a  s i d e - b y - s i d e   m a n n e r   t o  

fo rm  a  u n i t a r y ,   e l o n g a t e d   m a n d r e l   s t r u c t u r e ,   s a i d   h o s e s  

b e i n g   c a p a b l e   of  e x p a n d i n g   in   c r o s s   s e c t i o n   when  a  

f l u i d   i s   d i r e c t e d   to  them  u n d e r   p r e s s u r e   a t   a  p r e -  
d e t e r m i n e d   p r e s s u r e   v a l u e   and  c o n t r a c t i n g   in  c r o s s  

s e c t i o n   when  t he   p r e s s u r e   v a l u e   i s   l o w e r e d   to  or  b e l o w  

a  p r e d e t e r m i n e d   v a l u e .   The  c r o s s - s e c t i o n a l   e x p a n s i o n  

and   c o n t r a c t i o n   of  t h e   h o s e s   a r e   e f f e c t i v e   t o  e x p a n d  

and  c o n t r a c t   t he   c r o s s - s e c t i o n a l   a r e a   of  t he   m a n d r e l  

s t r u c t u r e   to  p r o v i d e   t he   d e s i r e d   s u p p o r t   w h i l e  

f a c i l i t a t i n g   e a s y  w i t h d r a w a l   of  t h e  m a n d r e l .  

B r i e f   D e s c r i p t i o n  o f   t h e   D r a w i n g s  

F i g u r e   1  i s   an  i s o m e t r i c   v i e w   of  t he   m a n d r e l  

of   t he   i n v e n t i o n .  

F i g u r e   2  is  a  h o r i z o n t a l   c r o s s - s e c t i o n   v i e w  

of  t h e   mandrel  of  F i g u r e   1  t a k e n   a l o n g   l i n e s   I I - I I .  

F i g u r e   3  is   a  h o r i z o n t a l   c r o s s   s e c t i o n   of  a  



m o d i f i e d   v e r s i o n   o f   t h e   e m b o d i m e n t   of   F i g u r e s   1  and   2 .  

F i g u r e   4  i s   an  i s o m e t r i c   v i e w   of   t h e   s u p p o r t -  

i n g   s p l i n e   shown   i n   F i g u r e   3 .  

F i g u r e   5  i s   a  h o r i z o n t a l   c u t a w a y   s h o w i n g   t h e  

m a n d r e l   o f   F i g u r e s   3  and   4  i n s t a l l e d   i n   a  b e n d   t u b e .  

F i g u r e   6  i s   a  h o r i z o n t a l   c r o s s - s e c t i o n   o f  

a n o t h e r   m o d i f i c a t i o n   o f   t h e   e m b o d i m e n t   of   F i g u r e s   1 

and   2 .  

F i g u r e   7  i s   an  i s o m e t r i c   v i e w   of   t h e   t u b e  

s u p p o r t i n g   s p l i n e   shown   i n   F i g u r e   4 .  

F i g u r e   8  i s   a  c u t a w a y   view  of  a n o t h e r   embodiment  
o f   t h e   m a n d r e l   o f   t h e   i n v e n t i o n   shown  i n s t a l l e d   in   a  

b e n t   t u b e .  

F i g u r e   9  i s   an  i s o m e t r i c   s e g m e n t   of   a  p o r t i o n  

o f  t h e   e m b o d i m e n t   shown  i n   F i g u r e   8 .  

The   f l e x i b l e   m a n d r e l   of  t h e   i n v e n t i o n  

g e n e r a l l y   c o m p r i s e s   a  p l u r a l i t y   o f   y i e l d a b l e   t u b e  

m e m b e r   a d a p t e d   to   be  d i s p o s e d   w i t h i n   a  b e n d a b l e   h o l l o w  

o b j e c t   g e n e r a l l y   p a r a l l e l   to   t h e   a x i s   o f  t h e   h o l l o w  

o b j e c t .  

In  F i g u r e s   1  a n d   2,  a  m a n d r e l   c o n s t r u c t e d   i n  

a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   i s   g e n e r a l l y   i n d i c a t e d  

a t   10  c o m p r i s i n g   a  p l u r a l i t y   o f   p a r a l l e l   f l e x i b l e   t u b e s  

20  w h i c h   a r e   s e a l e d   a t   one   e n d   22,   f o r   e x a m p l e ,   b y  

p l u g   m e a n s   26  and   c o n n e c t e d ,   a t  a n   o p p o s i t e ,   o p e n   e n d  

24,  to   a  m a n i f o l d   3 0 .  A   l i n e   40  c o n n e c t e d   to   m a n i f o l d  

30  s u p p l i e s   f l u i d   p r e s s u r e   f rom  a  p n e u m a t i c   o r ,  

p r e f e r a b l y ,   a  h y d r a u l i c   s o u r c e .  

T u b e s   20  a r e   p r e f e r a b l y   c o n s t r u c t e d   o f   a  

f l e x i b l e ,   e x p a n d a b l e   m a t e r i a l ,   s u c h   as  a  h e a v y   g a u g e  

n e o p r e n e   r u b b e r   to   p e r m i t   r a d i a l   e x p a n s i o n   o f   t u b e s  

20  u p o n   a p p l i c a t i o n   o f   f l u i d   p r e s s u r e   t h e r e t o   t h r o u g h  

m a n i f o l d   30.  The  t u b e   b u n d l e ,   in   u n p r e s s u r i z e d   o r  

r e l a x e d   f o r m ,   w h i c h   m a i n t a i n s   t h e   i n t e g r i t y   o f   i t s  

o r i g i n a l   s h a p e   w h e r e i n   r e l a x e d ,   i s   i n s e r t e d   i n t o   a  

h o l l o w   a r t i c l e   60,   and   f l u i d   p r e s s u r e   i s   t h e n   a p p l i e d  

to   e x p a n d   t u b e s   20  t i g h t l y   a g a i n s t   t h e   s u r f a c e   of   t h e  



i n n e r  w a l l   of   t h e   h o l l o w   a r t i c l e   as  shown  in  F i g u r e  

2.  Upon  s u b s e q u e n t   b e n d i n g   of   t h e   a r t i c l e ,   u n i f o r m  

s u p p o r t   i s   i m p a r t e d   to   t h e   i n n e r   w a l l   of   t h e   a r t i c l e  

due  to   t h e   i n f l a t i o n   of   t u b e s   20  as  w e l l   as  t h e   d i s -  

p o s i t i o n   of   t u b e s   20  g e n e r a l l y   p a r a l l e l   to   t h e   a x i s  

of   t h e   h o l l o w   a r t i c l e   a n d ,  t h e r e f o r e ,   g e n e r a l l y  

n o r m a l   o r   p e r p e n d i c u l a r   to  t h e   b e n d i n g   f o r c e   a p p l i e d  

to   t h e   a r t i c l e   as  shown  by  t h e   a r r o w s   in   F i g u r e   2 .  

A f t e r   t h e   b e n d   i s   c o m p l e t e d ,   t h e   t u b e s   a r e   d e f l a t e d  

and   r e m o v e d   f rom  t h e   a r t i c l e .   W i t h d r a w a l   of   t h e  

m a n d r e l   d e v i c e   o f   t h e   i n v e n t i o n   f r o m   t h e   b e n t   a r t i c l e  

i s   e x p e d i t e d   by  t h e   d i s p o s i t i o n   o f   t h e   t u b e s   of   t h e  

m a n d r e l   p a r a l l e l   to  t h e   a x i s   of   t h e   h o l l o w  a r t i c l e .  

T u r n i n g   now  to  F i g u r e s   3 - 5 ,   a  m o d i f i e d   f o r m  

of  t h e   e m b o d i m e n t   of   F i g u r e s  1   and  2  i s   i l l u s t r a t e d .  

In  t h i s   e m b o d i m e n t ,   t u b e s   20  c o m p r i s i n g   m a n d r e l   10  a r e  

s u p p o r t e d   or  g u i d e d   by  a  f l e x i b l e   f r a m e   c o m p r i s i n g  

a  p a i r   of   f l e x i b l e   s h e e t s   44  and  48  h a v i n g   s l o t t e d  

o p e n i n g s   50  t h e r e i n   to  r e c e i v e   f l e x i b l e   u p r i g h t   m e m b e r s  

54  to   f o rm  an  e g g c r a t e - l i k e   s u p p o r t   f r a m e   f o r   t u b e s  

20.  T h i s   e m b o d i m e n t   i s   u s e f u l   when  a  l a r g e   n u m b e r  o f  

t u b e s   20  w i l l   b e  u s e d   in   a  h o l l o w   a r t i c l e   of   l a r g e  

d i a m e t e r ,   s u c h   as  a r t i c l e   6 0 ' ,   as  shown  in   F i g u r e s  

3  and  5.  F l e x i b l e   s h e e t s   44  and  48  and   f l e x i b l e  

u p r i g h t   m e m b e r s   54  may  be  c o n s t r u c t e d   of   a  h a r d   b u t  

s o m e w h a t   f l e x i b l e   r u b b e r   or  p l a s t i c ,   e . g . ,   a  h a r d   v i n y l .  

F i g u r e s   6-7  i l l u s t r a t e s   a n o t h e r   m o d i f i c a t i o n  

of   m a n d r e l   10  w h e r e i n   a  m o l d e d   s p l i n e   70  made  f r o m  

h a r d   r u b b e r   or  s i m i l a r   m a t e r i a l s   i s   f o r m e d   w i t h   g r o o v e s  

or   k e y w a y s   72.  D i v i d e r   m e m b e r s   80  h a v i n g   a  f i r s t  

arm  or   w i n g   82  and  a  s e c o n d   arm  84  a r e   s e c u r e d   t o  

s p l i n e   70  v i a   a  t o n g u e   or  key  88  t h e r e o n   w h i c h   i s  

l o c k i n g l y   r e c e i v e d   in   g r o o v e   or   k e y w a y   72  by  s l i d i n g  

key  88  i n t o   keyway   72  f rom  t h e  e n d   of  s p l i n e   7 0 .  

D i v i d e r   m e m b e r s   80  may  a l s o   be  c o n s t r u c t e d  

of   any   f l e x i b l e   m a t e r i a l   h a v i n g   t h e   r e q u i r e d   a m o u n t   o f  

s t i f f n e s s   to  a c t   as  a  g u i d e   f o r   t h e   n e s t   of   t u b e s   c o m -  



p r i s i n g   m a n d r e l   1 0 .  

In   b o t h   o f   t h e   e m b o d i m e n t s   o f   F i g u r e s   3 - 5  

a n d  6 - 7 ,  t h e   l e n g t h   o f   t h e   s u p p o r t   f r a m e   may  be  e a s i l y  

a l t e r e d   by  t r i m m i n g   s h e e t s   44  and  48  o r   s p l i n e   70  t o  

t h e   d e s i r e d   l e n g t h   and   t h e n   i n s e r t i n g ,   r e s p e c t i v e l y ,  

t h e   a p p r o p r i a t e   n u m b e r   o f  u p r i g h t   m e m b e r s   54  o r  

d i v i d e r   m e m b e r s   8 0 .  

Y e t   a n o t h e r   e m b o d i m e n t   i s   i l l u s t r a t e d   i n  

F i g u r e s   8 - 9 .   In   t h i s   e m b o d i m e n t ,   t h e   row  o f   t u b e s  

20  w h i c h   w i l l   be  n e x t   to   t h e   i n n e r   r a d i u s   o f   t h e   b e n t  

t u b i n g   i s   r e p l a c e d   by  a  f l e x i b l e   m e t a l   m e m b e r   w h i c h ,  

in   t h e   i l l u s t r a t e d   e m b o d i m e n t ,   c o m p r i s e s   a  l i n k   c h a i n  

90,  s u c h   as   a  b e a r i n g   c h a i n .   A  s e r i e s   o f   a l t e r n a t e l y  

s p a c e d   l i n k s   92  c o m p r i s i n g   a  m e t a l ,   s u c h   as  a l u m i n u m ,  

a r e   l i n k e d   t o g e t h e r   by  r o d s   94  o f   a  h a r d   a l u m i n u m   o r  

s t e e l   a l l o y   p a s s i n g   t h r o u g h   h o l e s   96  i n   c h a i n   90.   A s  

s h o w n   in   F i g u r e   8,  l i n k   c h a i n   90  r e p l a c e s   t h e   row  o f  

t u b e s   20  on  t h e   i n s i d e   o f   t h e   b e n d   o f   h o l l o w   a r t i c l e  

60  to   p r o v i d e   t h e   h a r d e s t - - o r   m o s t   f i r m - - s u p p o r t   i n  

t h e   c r i t i c a l   a r e a   m o s t   l i k e l y   to   c r i m p   o r   b u c k l e   d u r -  

i n g   t h e   b e n d i n g   o p e r a t i o n .   I n f l a t i o n   o f   h o s e s   2 0  

r e t a i n s   c h a i n   90  f i r m l y   a g a i n s t   t h e   w a l l   o f   a r t i c l e  

60  w h i l e   d e f l a t i o n   o f   t u b e s   20  a l l o w s   m a n d r e l   10  to   b e  

e a s i l y   w i t h d r a w n   f r o m   a r t i c l e   60 .   The  e m b o d i m e n t s  

p r e v i o u s l y   i l l u s t r a t e d   and   d e s c r i b e d   c a n ,   o f   c o u r s e ,  
be  e a s i l y   m o d i f i e d   to   a c c o m m o d a t e   t h e   i n c l u s i o n   o f  

c h a i n   90  i n   m a n d r e l   10  by  a p p r o p r i a t e   m o d i f i c a t i o n   o f  

u p r i g h t   m e m b e r s   54  o r   d i v i d e r   m e m b e r s   8 0 .  

T h u s ,   t h e   i n v e n t i o n   p r o v i d e s   a  f l e x i b l e  

m a n d r e l   c o m p r i s i n g   i n f l a t a b l e   t u b e s   d i s p o s e d   i n   a  

h o l l o w   a r t i c l e   p a r a l l e l   to   t h e   a x i s   o f   t h e   a r t i c l e  

to  p e r m i t   e a s y   i n s e r t i o n   and   w i t h d r a w a l   o f   t h e   m a n d r e l  

w h i l e   p r o v i d i n g   maximum  s u p p o r t   t o   t h e   w a l l s   o f   t h e  

a r t i c l e   n o r m a l   or   p e r p e n d i c u l a r   to   t h e   b e n d i n g   f o r c e  

a p p l i e d   t h e r e t o   to   i n h i b i t   o r   p r e v e n t   b u c k l i n g   o f   t h e  

a r t i c l e   d u r i n g   s u b s e q u e n t   f o r m i n g   o p e r a t i o n .  



1.  A  f l e x i b l e   m a n d r e l   f o r   i n s e r t i o n   i n t o   and   r e m o v a l  

f rom  a  h o l l o w   member   and  b e i n g   a d a p t e d   to   p r o v i d e   s u p p o r t  
f o r   t h e   w a l l s   of  t h e   h o l l o w   member   in   t h e   p r o c e s s   of   b e n d -  

ing   t h e   m e m b e r ,   s a i d   m a n d r e l   c o m p r i s i n g   a  p l u r a l i t y   o f  

e l o n g a t e d   i n d i v i d u a l   h o s e s   d i s p o s e d   t o g e t h e r   i n  a   s i d e - b y -  
s i d e   m a n n e r   to  fo rm  a  u n i t a r y ,   e l o n g a t e d   m a n d r e l  s t r u c t u r e ,  

s a i d   h o s e s   b e i n g   c a p a b l e   of   e x p a n d i n g   in   c r o s s   s e c t i o n   w h e n  

a  f l u i d   i s   d i r e c t e d   to   t h e m   u n d e r   p r e s s u r e   a t   a  p r e d e t e r -  

m i n e d   p r e s s u r e   v a l u e   and   c o n t r a c t i n g   i n  c r o s s   s e c t i o n  w h e n  

t h e   p r e s s u r e   v a l u e   i s   l o w e r e d   to   or   b e l o w   a  p r e d e t e r m i n e d  

v a l u e ,   t h e   c r o s s - s e c t i o n a l   e x p a n s i o n   and  c o n t r a c t i o n   o f  

t h e   h o s e s   b e i n g   e f f e c t i v e   to   e x p a n d   and   c o n t r a c t   t h e  

c r o s s - s e c t i o n a l   a r e a   of   t h e   m a n d r e l   s t r u c t u r e .  

2.  A  m a n d r e l   a c c o r d i n g   to   c l a i m   1,  w h i c h   i n c l u d e s  

a  m a n i f o l d   f o r   d i r e c t i n g   t h e   l i q u i d   t o  o n e   e n d  o f  e a c h  o f  

t h e   h o s e s ,   and  p l u g   m e a n s   i n s e r t a b l e   i n  t h e   e n d s   of   t h e  

h o s e s   o p p o s i t e   t h e   m a n i f o l d .  

3.  A  m a n d r e l   a c c o r d i n g   to   c l a i m   1 - o r   2,  w h i c h  

i n c l u d e s   f l e x i b l e   s p a c e r s   l o c a t e d  b e t w e e n   t h e  h o s e s  a n d  

c r o s s w i s e   of   t h e   l o n g i t u d i n a l   a x i s   of   t h e   m a n d r e l   s t r u c t u r e .  

4.  A  m a n d r e l   a c c o r d i n g   to   c l a i m ' 3 ,   in   w h i c h   t h e  

s p a c e r s   a r e   o r i e n t e d   in   a  m a n n e r   t h a t   a l l o w s   b e n d i n g   o f  

t h e   m a n d r e l   s t r u c t u r e   in   e i t h e r   of  two  o p p o s e d   d i r e c t i o n s .  

5.  A  m a n d r e l   a c c o r d i n g   to  c l a i m   3,  w h i c h   i n c l u d e s  

a  f l e x i b l e   s p l i n e   member   a d a p t e d   to  r e c e i v e   and   s e c u r e   t h e  

f l e x i b l e   s p a c e r s   in  a  m a n n e r   c r o s s w i s e   of  t h e   l o n g i t u d i n a l  

a x i s   of   t h e   m a n d r e l   s t r u c t u r e ,   s a i d   s p l i n e   p e r m i t t i n g   b e n d -  

ing   in   any  d i r e c t i o n   i n c l u d i n g   a  t w i s t e d   d i r e c t i o n .  

6.  A  m a n d r e l   a c c o r d i n g   to   c l a i m   1  or   2,  w h e r e i n   a  

p l u r a l i t y   of  s p a c e r s   a r e   c a r r i e d   b e t w e e n   a d j o i n i n g   t u b e s  

and  d i s p o s e d   in   a  p l a n e   h a v i n g   a  f i r s t   a x i s   p a r a l l e l   to   t h e  

a x i s   of  s a i d   t u b e s   and  a  s e c o n d   a x i s   n o r m a l   to   t h e   a x i s  

of  s a i d   t u b e s   to   p r o m o t e   t h e   o r d e r l y   a r r a n g e m e n t   o f   s a i d  



t u b e s   i n   s a i d   b u n d l e   to   t h e r e b y   f a c i l i t a t e   i n s e r t i o n   i n t o  

and   r e m o v a l   f r o m   s a i d   h o l l o w   a r t i c l e .  

7.  A  m a n d r e l   a c c o r d i n g   to   a n y  o n e   o f   t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   a  y i e l d a b l e   m e t a l   member   i s   d i s p o s e d  

p a r a l l e l   to   s a i d   a x i s   o f   s a i d   a r t i c l e   a l o n g   one   e d g e   o f  

s a i d   b u n d l e   o f   t u b e s   to   p r o v i d e   a  h a r d   s u r f a c e   a g a i n s t   o n e  

p o r t i o n   o f   t h e   w a l l   o f   s a i d   a r t i c l e   to   r e s i s t   b u c k l i n g  

t h e r e o f   d u r i n g   b e n d i n g   o f   s a i d   a r t i c l e .  

8.  A  m a n d r e l   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   t h e  

y i e l d a b l e   m e t a l   m e m b e r   c o m p r i s e s   a  l i n k   c h a i n .  

9.  A  m e t h o d   o f   b e n d i n g   an  e l o n g a t e d   h o l l o w   s t r u c t u r e ,  

w h i c h   c o m p r i s e s   i n s e r t i n g   a  m a n d r e l   a c c o r d i n g   to   a n y  o n e  
o f   t h e   p r e c e d i n g   c l a i m s   i n t o   a  h o l l o w   m e m b e r ,   i n c r e a s i n g  

t h e   c r o s s   s e c t i o n s   o f   t h e   h o s e s   a n d ,   t h u s ,   t h e   c r o s s   s e c t i o n  

o f   t h e   m a n d r e l   by  d i r e c t i n g   a  f l u i d   to   t h e   h o s e s   u n d e r   a  

p r e d e t e r m i n e d   p r e s s u r e   v a l u e ,   and   b e n d i n g   t h e   h o l l o w   m e m b e r  

w h i l e   t h e   h o s e s   a r e   u n d e r   p r e s s u r e .  

10.  A  m e t h o d   of   c l a i m   9,  in   w h i c h   t h e   a m o u n t   o f   t h e  

e x p a n s i o n   o f   e a c h   o f   t h e   h o s e s   i s   a b o u t   5  to   15%  of   t h e  

o r i g i n a l   s i z e   of   e a c h   h o s e .  
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