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@)  Mobile  machine  for  straightening  tubes. 

A  mobile  scaffold  straightening  machine  comprising 
a  chassis  1  and  four  road  wheels  2,  3.  A  prime  mover  7 
is  mounted  on  the  chassis  and  drives  a  hydraulic  pump 
11.  Fluid  from  the  pump  can  be  directed  via  a  hydraulic 
circuit  to  a  plurality  of  hydraulic  drive  motors  for  driving 
respective  rollers  34-37  through  which  scaffold  or  similar 
tubes  may  be  fed  for  straightening.  The  straightening 
rollers  are  waisted  and  their  axes  are  inclined  to  the 
path  of  the  tube  being  bent  in  such  a  manner  that  the 
line  of  contact  of  the  tube  is  a  tangent  to  the  centre  of 
the  curved  surface  of  each  roller. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  m a c h i n e   f o r  

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

When  s c a f f o l d i n g   i s   e r e c t e d ,   t he   v a r i o u s  

t u b e s   a r e   c o n n e c t e d   t o g e t h e r   by  c l a m p s .   I n v a r i a b l y  

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

to  b e c o m e   b e n t .   When  t h e   s c a f f o l d i n g   i s   d i s m a n t l e d ,  

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

b e f o r e   t h e y   c an   be  r e - u s e d .   C u r r e n t l y   t h i s   i s   a n  

o p e r a t i o n   w h i c h   i s   c a r r i e d   o u t   by  means   of  l a r g e   f i x e d  

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

No  m a c h i n e   c u r r e n t l y   a v a i l a b l e   i s   s u f f i c i e n t l y   s m a l l  

o r   p o r t a b l e   e n o u g h   to  be  u s e d   on  s i t e .  

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

A c c o r d i n g   to  t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

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

m o u n t e d   on  s a i d   c h a s s i s   a  p r i m e   m o v e r ,   a  h y d r a u l i c  

pump  d r i v e n   by  s a i d   p r i m e   m o v e r ,   a  p l u r a l i t y   of  r o l l e r s  

t h r o u g h   w h i c h   t u b e s   may  be  f e d   f o r   s t r a i g h t e n i n g ,   o n e  

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

r o t a t e   a b o u t   t h e i r   l o n g i t u d i n a l   a x i s   to  d r a w   t u b e s  

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

c o n n e c t i n g   s a i d   pump  w i t h   t h e   or   e a c h   h y d r a u l i c   m o t o r ,  

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

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

m o t o r s .  

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

m a c h i n e ,   t h e   c h a s s i s   i s   s u p p o r t e d   by  f o u r   r o a d   w h e e l s .  

T h e  t w o   r e a r   w h e e l s   may  be  m o u n t e d   on  a  r i g i d   a x l e ,  

and  t h e   two  f r o n t   w h e e l s   s t e e r a b l e   o n  a   d r i v e n   a x l e .  

In  a n - a l t e r n a t i v e ,   two  of   t h e   w h e e l s   a r e   d r i v e n ,   t h e  



t h e   o t h e r   two  s t e e r a b l e .   The  c h a s s i s   m a y  

a l t e r n a t i v e l y   be  s u p p o r t e d   on  a  f i x e d   b a s e   or   l e g s ,  

or   t h e   m a c h i n e   may  be  made  s e m i - p o r t a b l e   b y  

s u p p o r t i n g   t he   c h a s s i s   on  s k i d s .   A  p r i m e   m o v e r   i s  

m o u n t e d   on  t h e   c h a s s i s   and  d r i v e s   a  h y d r a u l i c   p u m p .  

The  p r i m e   m o v e r   may  f o r   e x a m p l e   be  a  p e t r o l   o r  

d i e s e l   e n g i n e ,   or   an  e l e c t r i c   m o t o r .   F l u i d   f r o m  

t h e   pump  can   be  d i r e c t e d   to  a  h y d r a u l i c   d r i v e   m o t o r  

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

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

r o l l e r s   a r e   w a i s t e d ,   and  t h e i r   r e s p e c t i v e   a x e s   a r e  

i n c l i n e d   to  t h e   p a t h   of  t h e   t u b e   b e i n g   b e n t   i n   s u c h   a  

m a n n e r   t h a t   t h e   l i n e   of  c o n t a c t   of  t h e   t u b e   i s   a  

t a n g e n t   to  t h e   c e n t r e   of  t h e   c u r v e d   s u r f a c e   of   e a c h  

r o l l e r .   P r e f e r a b l y ,   e a c h   r o l l e r   i s   d r i v e n   by  i t s  

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

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

t h e m .   The  r o l l e r s   a r e   a r r a n g e d   on  o p p o s i t e   s i d e s  

of  t h e   p a t h   of  t h e   t u b e s  -   f o r   e x a m p l e   two  on  e a c h  

s i d e .   The  r o l l e r   o r   r o l l e r s   on  one  s i d e   of  t h e  

p a t h   may  be  m o u n t e d   on  a  s u b - f r a m e   w h i c h   can   b e  

moved  l a t e r a l l y   w i t h   r e s p e c t   to  t h e   p a t h   of   t h e   t u b e  

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

and   in   o r d e r   to  t a k e   up  any  w e a r   in   t h e   r o l l e r s .   I n  

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

r o l l e r   o r   r o l l e r s   may  be  p i v o t e d   a b o u t   t h e i r   a x i s   a s  

w i l l   be  e x p l a i n e d   i n   more   d e t a i l   l a t e r .  

At  t h e   o u t - f e e d   end  of  t h e   m a c h i n e   i s  

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

l i n e d   w i t h   r e s i l i e n t   m a t e r i a l   s u c h   as  p l a s t i c s   a n d  



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

t h r o u g h   t he   s t r a i g h t e n i n g   r o l l e r s .  

P r e f e r a b l y   t h e   h y d r a u l i c   pump  i s   a l s o  

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

r o a d   w h e e l s .  

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  b e t t e r  

u n d e r s t o o d ,   an  e m b o d i m e n t   t h e r e o f   w i l l   now  b e  

d e s c r i b e d   by  way  of   e x a m p l e   o n l y   and   w i t h   r e f e r e n c e  

to  t h e   a c c o m p a n y i n g   d r a w i n g s   in   w h i c h : -  

F i g u r e   1  i s   a  s i d e   v i e w   of  a  m o b i l e   t u b e  

s t r a i g h t e n i n g   m a c h i n e   in   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 ;  

F i g u r e   2  i s   a  p l a n   v i e w   of   t h e   m a c h i n e   o f  

F i g u r e   1 ;  

F i g u r e   3  i s   an  e n l a r g e d   d e t a i l   of   p a r t   o f  

F i g u r e   2 ;  

F i g u r e   4  i s   a  p e r s p e c t i v e   v i e w   of  one  o f  

t h e   f e e d - i n   g u i d e s   u s e d   in   t h e   m a c h i n e   of  F i g u r e s  

1  and  2 ;  

a n d  

F i g u r e s   5A,  B,  C  i s   one  e m b o d i m e n t   of  a  

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

F i g u r e s   1  to  4 .  

R e f e r r i n g   f i r s t l y   to  F i g u r e s   I  and  2 ,  

t h e   m a c h i n e   c o m p r i s e s   a  c h a s s i s   2  and  f o u r   r o a d  

w h e e l s   2,  3.  The  r e a r   w h e e l s   2  a r e   m o u n t e d   on  a  

r i g i d   a x l e   4  and   t h e   f r o n t   w h e e l s   3  a r e   s t e e r a b l e  

by  means   of  a  s t e e r i n g   w h e e l   5  m o u n t e d   in   f r o n t   o f  

a  d r i v e r ' s   s e a t   6.  M o u n t e d   on  t h e   c h a s s i s   i s   a  



p r i m e   m o v e r   in   t h e   f o rm  of  an  i n t e r n a l   c o m b u s t i o n  

e n g i n e   7  h a v i n g   an  a i r   f i l t e r   8  and   a  r a d i a t o r   9 .  

The  o u t p u t   s h a f t   of  t h e   e n g i n e   i s   c o u p l e d   v i a   a  

f l e x i b l e   c o u p l i n g   10  t o  a   h y d r a u l i c   pump  11,  w h i c h  

i s   p r e f e r a b l y   of   t h e   v a r i a b l e - d i s p l a c e m e n t   t y p e  -  

see   l a t e r .   F l u i d   f rom  t h e   pump  i s   s e l e c t i v e l y  

p a s s e d   to  a  h y d r a u l i c   m o t o r   12  w h i c h   d r i v e s   t h e  

f r o n t   w h e e l s   3  and  to  a  p l u r a l i t y   of  r o l l e r   d r i v e  

m o t o r s   13  ( F i g u r e , 3 ) ,   to  be  r e f e r r e d   to  l a t e r .   An 

o i l   t a n k   14  a c t s   as  a  r e s e r v o i r   f o r   t h e   h y d r a u l i c  

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

f rom  a  c o n t r o l   p a n e l   1 5 .  

M o u n t e d   to  one  s i d e   of  t h e   m a c h i n e   i s   a  

h y d r a u l i c a l l y - o p e r a t e d   p i p e   s t r a i g h t e n e r   16  w h i c h  

may  o p t i o n a l l y   be  u s e d   as  a  p r e - s t r a i g h t e n e r   f o r  

p a r t i c u l a r l y   b a d l y   b e n t   t u b e s .   The  d e v i c e   i s   k n o w n  

p e r   se  and  w i l l   t h e r e f o r e   n o t   be  d e s c r i b e d   i n   d e t a i l .  

T u b e s   to  be  p r e - s t r a i g h t e n e d   a r e   f e d   in   f rom  l e f t  

to  r i g h t   i n   F i g u r e s   1  and  2  in   t h e   a p p r o x i m a t e   l i n e  

of   t h e   a r r o w   A  in   F i g u r e   2.  The  t u b e s   a r e   p a s s e d  

b e t w e e n   r o l l e r s   17  and   a  c u r v e d   a n v i l   18  w h i c h   i s  

m o v e a b l e   h o r i z o n t a l l y   u n d e r   p o w e r   f rom  a  h y d r a u l i c  

ram  1 9 .  

A f t e r   t h e   p r e - s t r a i g h t e n i n g   o p e r a t i o n  

t u b e s   to  be  s t r a i g h t e n e d   a r e   i n t r o d u c e d   i n t o   t h e  

m a c h i n e   a t   t h e   l e f t - h a n d   end  i n   F i g u r e s   1  and   2 

a l o n g   a  p a t h   c o i n c i d e n t   w i t h   t h e   c e n t r e   l i n e   o f  

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

u n i t   20  w h i c h   c o m p r i s e s   a  s u p p o r t   b a r   21  



h a v i n g   a t   i t s   o u t e r   end  t h r e e   t e l e s c o p i c   s e c t i o n s   2 2 ,  

23  a n d   24  of   s m a l l e r   s i z e .   The  o u t e r m o s t   s e c t i o n   2 2  

c a r r i e s   a  l e g   25  w h i c h   may  be  f o l d e d   down  to  a  s u p p o r t  

p o s i t i o n ,   shown  i n   F i g u r e   1  to  s u p p o r t   t h e   f e e d - i n   u n i t  

on  t h e   g r o u n d .   E a c h   s e c t i o n   of  t h e   f e e d - i n   u n i t ,   as  w e l l  

as  t h e   b a r   21  c a r r i e s   a  r e s p e c t i v e   f e e d - i n   g u i d e   26  w h i c h  

t a k e s   t h e   f o r m   shown   i n   F i g u r e   4.  E a c h   g u i d e   26  c o m p r i s e s  

a  b a s e   27  w h i c h   i s   a t t a c h e d   to  t h e   r e s p e c t i v e   s e c t i o n   o f  

t h e   s u p p o r t   b a r   21  and   on  w h i c h   i s   m o u n t e d   a  f r a m e w o r k  

made  up  of   s t e e l   a n g l e   28  and  s t e e l   c h a n n e l   29  w h i c h  

c a r r i e s   an  i n s e r t   30  made  of   h i g h   d e n s i t y   p o l y e t h y l e n e .   E 

The   i n s e r t   30  i s   e q u i p p e d   w i t h   an  a p e r t u r e   31  t h r o u g h  

w h i c h   p i p e   to  be  s t r a i g h t e n e d   i s   p a s s e d .   I t   w i l l   be  s e e n  

f r o m   F i g u r e   4  t h a t   t h e   n e c k   of   t h e   a p e r t u r e   i s   m i s p l a c e d .  

T h i s   i s   to   c o n t a i n   t h e   t u b e   w h i c h   o t h e r w i s e   h a s   a  t e n d e n c y  

to  jump  o u t   due   to   i t s   r o t a t i o n   o n c e   i t   e n t e r s   t h e  

m a c h i n e .   The  i n s e r t s   26  a r e   p o s i t i o n e d   s u c h   t h a t   t h e i r  

r e s p e c t i v e   a p e r t u r e s   31  f a l l   as  t h e   m a c h i n e   i s   a p p r o a c h e d ,  

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

t h e   m a c h i n e   a l o n g   t h e   c o r r e c t   a x i s .  

When  t h e   m a c h i n e   i s   b e i n g   moved   f r o m   p l a c e  

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

p o s i t i o n   shown  i n   F i g u r e s   1  and   2  to  an  i n o p e r a t i v e  

p o s i t i o n   i n   w h i c h   t h e   i n n e r m o s t   f e e d - i n   g u i d e   26  a b u t s  

a g a i n s t   a  v e r t i c a l   p l a t e   32.   The  f e e d - i n   u n i t   may  b e  

c l a m p e d   i n   i t s   o p e r a t i v e   p o s i t i o n   by  m e a n s   of  cam  l o c k s  

3 3 .  

The  t u b e   to   be  s t r a i g h t e n e d   i s   p a s s e d   i n t o  

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

f e e d - i n   g u i d e s   26  and   p u s h e d   i n t o   t h e   m a c h i n e   to   t h e   f i r s t ,  

34,  of  f o u r   s t r a i g h t e n i n g   r o l l e r s   34  to   37.  The  h e i g h t  



of   t h e   t u b e   as  i t   e n t e r s   t h e   m a c h i n e   i s   s e t   by  a  c e n t r e  

b a l a n c e   b l o c k   70  w h i c h   i s   p i v o t t e d   by  a  s i n g l e   p i v o t   7 1  

to  p i v o t   in   i t s   own  p l a n e .   The  b l o c k   70  i s   made  of  h i g h  

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

t u b e   as   i t   e n t e r s   t h e   m a c h i n e .   The  h e i g h t   of  t h i s   t o p  

s u r f a c e   may  be  a d j u s t e d   by  m e a n s   of   a  s p r i n g   ( n o t   s h o w n )  

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

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

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

A f t e r   p a s s i n g   a  k i c k   p l a t e   44 ,   t h e   t u b e  

c o m e s   a g a i n s t   t h e   r o l l e r   34.  In   o r d e r   to   i n i t i a t e  

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

now  n e c e s s a r y   to   a c t u a t e   by  h a n d   a  s a f e t y   r o l l e r   4 5 .  

The  s a f e t y   r o l l e r   i s   e s s e n t i a l l y   an  i d l e r   r o l l e r   w h i c h   i s  

p o s i t i o n e d   o p p o s i t e   t h e   r o l l e r   34  and   w h i c h   c a n   be  p r e s s e d  

t o w a r d s   t h e   r o l l e r   34  by  m e a n s   of   a  h y d r a u l i c   ram  t o  

t h e r e b y   n i p   t h e   t u b e   b e t w e e n   i t s e l f   and   r o l l e r   34  so  t h a t  

t h e   t u b e   i s   d r a w n   f o r w a r d s   i n t o   t h e   m a c h i n e .   Once  t h e  

r o l l e r   45  h a s   b e e n   a c t u a t e d ,   t h e   t u b e   p a s s e s   f u l l y   i n t o  

t h e   f o u r   s t r a i g h t e n i n g   r o l l e r s :   r o l l e r   34  m e n t i o n e d   a b o v e ,  

and   t h e   t h r e e   f o l l o w i n g   r o l l e r s   r e f e r e n c e d   35,  36  and  3 7 .  

The   a r r a n g e m e n t   of   t h e   s t r a i g h t e n i n g   r o l l e r s   i s   shown  i n  

d e t a i l   i n   F i g u r e   3.  E a c h   r o l l e r   i s   d r i v e n   by  i t s   o w n  

i n d i v i d u a l   h y d r a u l i c   m o t o r   13,   so  t h a t   t h e   r o l l e r   a s s e m b l y  

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

t h e m   t h r o u g h   t h e   m a c h i n e .   The  r o l l e r s   a r e   i n d i v i d u a l l y  

m o u n t e d   i n   r e s p e c t i v e   p a i r s   of  b e a r i n g   b l o c k s   38.  As  s e e n  

c l e a r l y   in   F i g u r e   1,  t h e   r o l l e r s   a r e   i n c l i n e d   to   t h e   h o r i -  

z o n t a l ,   t h e   a n g l e   of  i n c l i n a t i o n   b e i n g   a d j u s t a b l e   to  c o p e  

w i t h   t u b e s   of   d i f f e r e n t   d i a m e t e r .   F u r t h e r ,   t h e   r o l l e r s  

a r e   w a i s t e d   in   s u c h   a  way  t h a t   t h e   l i n e   of   c o n t a c t   of  a  



t u b e   39  p a s s i n g   t h r o u g h   i s   a  h o r i z o n t a l   t a n g e n t   to  t h e  

c e n t r e   of   t h e   c u r v e d   s u r f a c e   of   e a c h   r o l l e r .   T h e  

a n g l e   of   i n c l i n a t i o n   of   t h e   r o l l e r s   i s   s e t   s u c h   t h a t   t h e  

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

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

h e l i x   a r o u n d   t h e   t u b e .   P r o v i d e d   t h e   c u r v e d   f a c e   o f  

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

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

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

v a r y i n g   d i a m e t e r s .   F u r t h e r m o r e ,   i t   f o l l o w s   t h a t ,   i f  

t h e   t u b e   i s   p r e s e n t e d   in   a n y ' o t h e r   p l a c e ,   p r o v i d e d  

t h e   c e n t r e   of   t h e   c u r v e d   s u r f a c e   of  t h e   r o l l e r s  

c o n t a c t s   t h e   t u b e   i n   t h e   g i v e n   p l a n e ,   t h e   a n g l e   of   t h e  

r o l l e r s   c a n   be  s e t   to   o b t a i n   t h e   p a r t - h e l i c a l   c o n t a c t .  

The  r o l l e r s   36,  37  on  one  s i d e   of   t h e  

t u b e   39  a r e   m o u n t e d   on  a  p l a t e   40  w h i c h   i s   m o v e a b l e  

l a t e r a l l y   by  m e a n s   of   h a n d   w h e e l s   41  to  a d j u s t   t h e  

d i s t a n c e   b e t w e e n   t h e   r o l l e r s   in   o r d e r   to   a p p l y   p r e s s u r e  .  

d u r i n g   s t r a i g h t e n i n g .   Once  t h e   r o l l e r s   h a v e   b e e n  

a d j u s t e d   c o r r e c t l y ,   t h e   h a n d   w h e e l s   c a n   be  c l a m p e d .  

O p t i o n a l l y ,   t h e   r o l l e r   36  may  be  p r o v i d e d  

w i t h   a  s t e e l   d i e   73  w h i c h   f i t s   i n t o   a  s l o t   f o r m e d   i n  

i t s   o u t e r   s u r f a c e   as   s h o w n .   The  b o t t o m   of   t h i s   s l o t  

c o m m u n i c a t e s   w i t h   an  a p e r t u r e   w h i c h   e x t e n d s   d i a m e t r i c a l l y  

a c r o s s   to   t h e   o p p o s i t e   s u r f a c e   of   t h e   r o l l e r   and   h o u s e s  

a  b o l t   ( n o t   s h o w n )   w h i c h   s c r e w s   i n t o   a  t h r e a d e d   b l i n d  

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

d i e   i n   t h e   s l o t .   The  d i e   may  h a v e   a  s u i t a b l e   t r a d e  

l o g o   o r   o t h e r   s y m b o l   in   o r d e r   to  ma rk   t h e   t u b e   p a s s i n g  

t h r o u g h .   I f   m a r k i n g   i s   n o t   r e q u i r e d ,   t h e   d i e   may  b e  



r e p l a c e d   by  an  i n s e r t   w h i c h ,   when  b o l t e d   in   p l a c e ,  

s i m p l y   f i l l s   in   t h e   d i e   s l o t   so  t h a t   t h e   o u t e r  

s u r f a c e   of  t h e   r o l l e r   i s   c o n t i n u o u s .  

A f t e r   p a s s i n g   t h r o u g h   t h e   s t r a i g h t e n i n g  

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

t r o u g h   42  w h i c h   i s   l i n e d   w i t h   p l a s t i c s   m a t e r i a l .  

The  t r o u g h   42  may  be  a d j u s t e d   b o t h   in   h e i g h t   a n d  

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

e q u i p p e d   w i t h   an  a u t o m a t i c   d i s c h a r g e   a r r a n g e m e n t .  

One  e x a m p l e   of  a  s u i t a b l e   c l o s e d   c i r c u i t   s y s t e m   f o r  

t h e   m a c h i n e   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   t o  

F i g u r e   5 .  

R e f e r r i n g   to  F i g u r e   5,  i t   w i l l   be  s e e n  

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

c i r c u i t   h a v e   b e e n   g i v e n   t h e   same  r e f e r e n c e   n u m e r a l s  

as   t h o s e   u s e d   in   e a r l i e r   F i g u r e s .   The  m a i n   pump  1 1  

i s   a  v a r i a b l e   s w a s h p l a t e   t y p e   and   i n c l u d e s   a n  

i n t e g r a l   b o o s t   pump  l l a   and   two  a u x i l l i a r y   g e a r  

pumps   l l b   and   l l c .   The  pumps   l l a ,   l l b   and   l l c   d r a w  

f l u i d   f r o m   t h e   45  g a l l o n   o i l   s t o r a g e   t a n k   14.   A 

s u c t i o n   f i l t e r   51  i s   p r o v i d e d   in   t h e   l i n e   to  b o o s t  

pump  l l a .   The  m a i n   o u t p u t   l i n e s   f rom  t h e   pump  1 1  

a r e   i n d i c a t e d   u n d e r   r e f e r e n c e s   55  and   56.  L i n e   5 7  

i s   a  c o n t r o l   l i n e ,   as   w i l l   be  e x p l a i n e d   b e l o w .  

The  s e l e c t i o n   of   r o l l e r   o r   a x l e   d r i v e   i s  

made  by  v a l v e s   52  and   53  w h i c h   a r e   m e c h a n i c a l l y  

i n t e r - l i n k e d   so  t h a t   t h e y   c a n n o t   b o t h   be  s e l e c t e d  

a t   t h e   same  t i m e .   V a l v e s   52  and   53  a r e   a l s o  

m e c h a n i c a l l y   i n t e r - l i n k e d   w i t h   c o n t r o l   v a l v e s   54  a n d  

58  w h i c h   t a k e   f l u i d   u n d e r   c o n t r o l   p r e s s u r e   f r o m   l i n e  



57.   C o n t r o l   v a l v e   54  i n   t u r n   c o n t r o l s   pump  c o n t r o l  

v a l v e s   59  and   60  in   s u c h   a  way  t h a t ,   when   t h e   r o l l e r  

d r i v e   i s   c o n n e c t e d ,   t h e   v a l v e   59  i s   i n o p e r a t i v e   w h i l e  

t h e   v a l v e   60  i s   o p e r a t i v e   a n d ,   when  t h e   r o a d   w h e e l  

d r i v e   i s   c o n n e c t e d ,   t h e   v a l v e   59  i s   o p e r a t i v e   w h i l e  

t h e   v a l v e   60  i s   i n o p e r a t i v e .   The  v a l v e   59  i s   t h e  

f o r w a r d / n e u t r a l / r e v e r s e   s e l e c t o r   f o r   t h e   r o a d   w h e e l  

d r i v e ;   t h e   v a l v e   60  p r o v i d e s   i n f i n i t e l y   v a r i a b l e  

c o n t r o l   of   t h e   s p e e d   of  r o t a t i o n   of   t h e   r o l l e r s   f r o m  

0  to  183  R . P . M . ,   f o r w a r d   o r   r e v e r s e .   The  a x l e   d r i v e  

s p e e d   i s   c o n t r o l l e d   d i r e c t l y   by  a  f o o t   t h r o t t l e  

c o n t r o l   on  t h e   p r i m e   m o v e r   ( n o t   s h o w n ) .   The  c o n t r o l  

v a l v e   58  a p p l i e s   p r e s s u r e   to  w h e e l   b r a k e   c y l i n d e r s   t o  

l o c k   t h e   r o a d   w h e e l s   when   t h e   r o l l e r   d r i v e   i s   c o n n e c t e d .  

When  r o l l e r   d r i v e   i s   s e l e c t e d ,   o i l   i s  

d i v e r t e d   a l o n g   l i n e   62  i n t o   a  r o t a r y   f l o w   d i v i d e r   6 1  

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

i n t o   t h e   i n d i v i d u a l   r o l l e r   d r i v e   m o t o r s   13.   The  f l o w  

d i v i d e r  6 1   a c t s   to  p r e v e n t   f r e e w h e e l i n g   o f   t h e   u n l o a d e d  

r o l l e r s   as   a  t u b e   i s   i n s e r t e d   s i n c e   t h i s   w o u l d   o t h e r -  

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

The  o i l   r e t u r n s   to  t h e   v a l v e   52  v i a   a  l i n e   6 4 .  

R e l i e f   v a l v e   63  p r o t e c t s   t h e   m o t o r s   13  f r o m   p r e s s u r e  

i n t e n s i f i c a t i o n   by  t h e   f l o w   d i v i d e r .  

When  a x l e   d r i v e   i s   s e l e c t e d ,   o i l   i s  

d i r e c t e d   a l o n g   l i n e   65  to  a  p a i r   of   a x l e   d r i v e   m o t o r s  

12  ( o n e   f o r   e a c h   w h e e l )   v i a   a  m o t i o n   c o n t r o l   and   l o c k  

v a l v e   66.   The  v a l v e   66  i s   c o n t r o l l e d   by  f l u i d   a l o n g  

l i n e   67  a n d   a c t s   t o . p r e v e n t   v e h i c l e   r u n a w a y   on  s l o p e s  

by  p r o v i d i n g   a  m e a s u r e   of   h y d r o s t a t i c   b r a k i n g .   T h e  



v a l v e   66  a l s o   a c t s   to  p r o v i d e   d i f f e r e n t i a l   w h e e l  

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

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

The  s a f e t y   r o l l e r   45  and  s t e e r i n g   a r e  

b o t h   d r i v e n   by  t h e   pump  s e c t i o n   l l c   w h i c h   t a k e s   o i l  

d i r e c t   f r o m   t h e   s t o r a g e   t a n k   14  v i a   p r e s s u r e   f i l t e r  

73.  The  s a f e t y   r o l l e r   ram  45  i s ' s e l e c t e d   by  v a l v e  

68  and   p r o t e c t e d   by  p r e s s u r e   r e l i e f   v a l v e   72.  T h e  

r i g h t - h a n d   end  of  t h e   s a f e t y   r o l l e r   c y l i n d e r   45  i s  

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

d e r i v e d   f r o m   c o n t r o l   l i n e   57,  w h i l e   t h e   l e f t - h a n d  

( p i s t o n )   end  of   t h e   c y l i n d e r   i s   f e d   w i t h   l i n e   p r e s s u r e  

v i a   v a l v e   68.   The  s t e e r i n g   m e c h a n i s m   c o m p r i s e s   a n  

h y d r a u l i c   s t e e r i n g   v a l v e   69  and   c y l i n d e r   70  w h i c h  

a c t s   on  t h e   w h e e l   s t e e r i n g   m e c h a n i s m .   The  s t e e r i n g  

v a l v e   69  r e c e i v e s   o i l   t h r o u g h   a  p r i o r i t y   v a l v e   71  a n d  

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

s t e e r i n g   d e v i a t i o n .  

The  h y d r a u l i c   ram  19,  f o r m i n g   p a r t   o f  

t h e   p r e - s t r a i g h t e n e r   16  i s   d r i v e n   by  pump  s e c t i o n   l l b ,  

t a k i n g   o i l   f r o m  t a n k   14  v i a   a  p r e s s u r e   f i l t e r   7 4 .  

The  ram  19  i s   a c t i v a t e d   by  v a l v e   75  a n d ,   i n   o p e r a t i o n ,  

c y c l e s   b a c k w a r d s   and   f o r w a r d s   due  to  t h e   c y c l i c   a c t i o n  

of   v a l v e s   76  and   7 7 .  

A  v a l v e   78  i n   t h e   m a i n   pump  c i r c u i t   a c t s  

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

c a s i n g   v i a   l i n e   79  to  a c t   a s  a   pump  c o o l a n t .   A f t e r  

c o o l i n g   t h e   pump,   t h e   o i l   p a s s e s   t h r o u g h   t h e   o i l  

c o o l e r   u n i t   on  t h e   p r i m e   m o v e r ,   shown  u n d e r   r e f e r e n c e  

80,  t o g e t h e r   w i t h   l e a k a g e   o i l   f r om  t h e   r o l l e r   m o t o r s   1 3 .  



A  v a l v e   81  a c r o s s   t h e   m a i n   pump  l i n e s  

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

c i r c u i t   to  be  v e n t e d   so  t h a t   t h e   v e h i c l e   may  b e  

t o w e d   in   t h e   e v e n t   of   m e c h a n i c a l   f a i l u r e .  



1.  A  t u b e   s t r a i g h t e n i n g   m a c h i n e   c o m p r i s i n g   a  

c h a s s i s   a n d ,   m o u n t e d   on  s a i d   c h a s s i s :  

a  p r i m e   m o v e r ;  

a  h y d r a u l i c   pump  d r i v e n   by  s a i d   p r i m e   m o v e r ;  

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

may  be  f e d   f o r   s t r a i g h t e n i n g ;  

one  or   more   h y d r a u l i c   m o t o r s   f o r   d r i v i n g   s a i d  

r o l l e r s   to  r o t a t e   a b o u t   t h e i r   l o n g i t u d i n a l   a x i s   t o  

d r a w   t u b e s   t h r o u g h   d u r i n g   b e n d i n g ;  

a n d  

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

w i t h   t h e   or   e a c h  h y d r a u l i c   m o t o r ,   s a i d   h y d r a u l i c   c i r c u i t  

m e a n s   i n c o r p o r a t i n g   means   f o r   c o n t r o l l i n g   t h e   o p e r a t i o n  

of   s a i d   h y d r a u l i c   m o t o r   o r   m o t o r s .  

2.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   1  w h e r e i n   e a c h  

s t r a i g h t e n i n g   r o l l e r   t a k e s   t h e   f o rm  of   an  e l o n g a t e d  

c y l i n d e r   w h i c h   i s   m o u n t e d   i n   s u c h   a  way  t h a t   i t s   a x i s  

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

t h e   t u b e s   t h r o u g h   t h e   m a c h i n e .  

3.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   2  i n c l u d i n g  

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

r o l l e r s   in   o r d e r   to  t a k e   a c c o u n t   of  d i f f e r e n t   d i a m e t e r s  

of   t u b e .  

4.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   2  w h e r e i n   e a c h  

r o l l e r   h a s   an  o u t e r   s u r f a c e   w h i c h   i s   s h a p e d   in   s u c h   a  

way  t h a t  t h e   l i n e   of   c o n t a c t   of   a  t u b e   p a s s i n g   t h r o u g h  

i s   a  t a n g e n t   to  t h e   c e n t r e   of   t h e   c u r v e d   o u t e r   s u r f a c e .  

5.  A  m a c h i n e   as  c l a i m e d   in   a n y  o n e   of   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   e a c h   s t r a i g h t e n i n g   r o l l e r   i s  



d r i v e n   by  i t s   own  h y d r a u l i c   m o t o r .  

6.  A  m a c h i n e   a s   c l a i m e d   in   a n y  o n e   of  c l a i m s  

1,  2  or   4  w h e r e i n   r e s p e c t i v e   r o l l e r s   a r e   a r r a n g e d  

on  o p p o s i t e   s i d e s   of  t he   p a t h   of  t he   t u b e   t h r o u g h   t h e  

m a c h i n e .  

7.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   8  w h e r e i n   t h e  

r o l l e r   or   r o l l e r s   on  one  s i d e   of  t h e   t u b e   p a t h   a r e  

a d j u s t a b l e   t o w a r d s   and  away  f rom  t h e   r o l l e r   o r   r o l l e r s  

on  t h e   o t h e r   s i d e   of   t he   t u b e   p a t h .  

8.  A  m a c h i n e   as   c l a i m e d   in   any   one  of  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   s a i d   c h a s s i s   i s   s u p p o r t e d  

on  f o u r   r o a d   w h e e l s ,   to  make  t h e   m a c h i n e   m o b i l e .  

'9.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   8  f u r t h e r  

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

d r i v i n g   one  or   more   of   t h e   r o a d   w h e e l s   to  p r o p e l   t h e  

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

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

m o t o r .  

10.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   9  w h e r e i n   s a i d  

h y d r a u l i c   c i r c u i t   i n c l u d e s   v a l v e   m e a n s   w h e r e b y  

h y d r a u l i c   f l u i d   may  be  p a s s e d   e i t h e r   f rom  s a i d   p u m p  

to  s a i d   h y d r a u l i c   m o t o r   o r   m o t o r s ,   o r   f rom  s a i d   p u m p  

to  s a i d   h y d r a u l i c   d r i v e   m o t o r   or   m o t o r s ,   b u t   n o t   b o t h .  

11.  A  m a c h i n e   as  c l a i m e d   in   any   one  of   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 t   a n  i n p u t   end  of  t h e  

m a c h i n e ,   t h e r e   i s   p r o v i d e d   an  i n f e e d   m e c h a n i s m  

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

i n t o   t h e   m a c h i n e .  

12.  A  m a c h i n e   as  c l a i m e d   in   c l a i m   11  w h e r e i n  

s a i d   i n f e e d   m e c h a n i s m   c o m p r i s e s   a  s u p p o r t   arm  a t t a c h e d  



a t   one  end  to  t h e   c h a s s i s   and  e x t e n d i n g   s u b s t a n t i a l l y  

h o r i z o n t a l l y   in   a  d i r e c t i o n   a p p r o x i m a t e l y   p a r a l l e l   t o  

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

p l u r a l i t y   of  f e e d - i n   g u i d e s   s u p p o r t e d   on  s a i d   a r m ,  

e a c h   g u i d e   h a v i n g   an  o p e n - s i d e d   a p e r t u r e   t h e r e i n  

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

p a t h   of  t u b e   t h r o u g h   t h e   m a c h i n e .  

13.  A  m a c h i n e   as  c l a i m e d   i n   c l a i m   12  w h e r e i n  

t h e   h e i g h t   of  s a i d   a p e r t u r e s ,   as   b e t w e e n   i n d i v i d u a l  

f e e d - i n   g u i d e s ,   f a l l s   in   a  d i r e c t i o n   t o w a r d s   t h e  

m a c h i n e .  
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