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©  Method  of  making  hollow  rods  and  shafts. 

  Method  of  making  light  metal  hollow  rods  and  shafts 
which  comprise  a  tubular  section  and  substantial  solid  head 
on  each  end  of  said  section.  In  order  to  avoid  joining  together 
of  the  tubular  section  and  the  heads,  and  in  order  to  avoid 
the  poor  strengt  properties  of  light  metals  resulting  from 
moulding,  the  rods  and  shafts  are  made  by  pressing  of  a  bolt 
blank  in  a  first  extrusion  step,  by  use  of  a  plunger  (2)  having  a 
substantial  planar  end  for  forming  of  a  first  solid  head  (1'), 
pressing  the  blank  in  a  second  step,  by  use  of  a  plunger  (3) 
having  a  mandrel  (3')  on  its  end,  for  forming  the  tubular 
section  (1 "),  and  pressing  the  blank  in  a  third  step,  by  use  of 
a  plunger  (2)  having  a  substantial  planar  end,  for forming  of  a 
second  solid  head  (1"'). 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  m a k i n g   h o l l o w  

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

d l e   s e c t i o n   and  a  h e a d   on  e a c h   end .   The  h e a d s   on  t h e   f i n i -  

s h e d   p r o d u c t   may  h a v e   many  d i f f e r e n t   c o n f i g u r a t i o n s ,   f o r m e d  

by  f o r   i n s t a n c e   f o r g i n g ,   d r i l l i n g ,   m i l l i n g .   Such  f i n a l   s h a -  

p i n g   d o e s   n o t   make  a  p a r t   of  t h e   p r e s e n t   i n v e n t i o n s ,   w h i c h  

c o n c e r n s   t h e   m a k i n g   of  h o l l o w   r o d s   and  s h a f t s   h a v i n g   s o l i d  

h e a d s .   I t   l i e s   w i t h i n   t h e   s c o p e   of  t h e   i n v e n t i o n   t h a t   t h e  

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

b u t   u s u a l l y   t h e   p r o d u c t s   made  by  u se   of  t h e   m e t h o d   a c c o r d -  

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

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

I t   i s   w e l l   known  t h a t   t u b u l a r   s h a p e   i s   a d v a n t a g e o u s   w i t h  

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

s t r e n g t h   and  t h e   m a t e r i a l   c o n s u m p t i o n .   C o n s e q u e n t l y ,   a  
t u b u l a   s h a p e   i s   a l s o   a d v a n t a g o u s   w i t h   r e s p e c t   to  t h e   r a t i o  

b e t w e e n   s t r e n g t h   and  w e i g h t .  

As  e x a m p l e s   of  f i e l d s   of  u s e   f o r   s u c h   r o d s   and  s h a f t s   a r e  

m e n t i o n e d   a i r c r a f t s   and  l a n d   v e h i c l e s .   For   b o t h   of  t h e s e  

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

s t r e n g t h   and  low  w e i g h t .   F o r   a i r c r a f t s   a  low  w e i g h t   m e a n s  

i n c r e a s e d   l o a d   c a p a s i t y   and  low  f u e l   c o n s u m t i o n ,   and  so  i s  

a l s o   t h e   c a s e   f o r   a u t o m o b i l e s .   M o r e o v e r ,   i t   i s   in  m o s t   a p p -  
l i c a t i o n s   d e s i r a b l e   to   k e e p   t h e   p r o d u c t i o n   c o s t s   as  low  a s  

p o s s i b l e .  

The  p r e s e n t   i n v e n t i o n   i s   in   p a r t i c u l a r   c o n c e r n e d   w i t h   t h e  

m a k i n g   of  r o d s   and  s h a f t s   of  l i g h t   m e t a l s   and  l i g h t   a l l o y s ,  

and  in  p a r t i c u l a r   of  a l u m i n i u m   and  a l u m i n i u m   a l l o y s .  

W i t h o u t   m a k i n g   any  l i m i t a t i o n   of  t h e   s c o p e   of  t h e   i n v e n t i o n  

t h e   f o l l o w i n g   a u t o m o b i l e   p a r t s   can  be  made  by  use   of  t h e  

m e t h o d   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n :  

Arms  f o r   l a t e r a l   s t a b i l i z a t i o n   of  r e a r   a x l e s  



Wheel   s u s p e n s i o n   a r m s  

S t e e r i n g   r o d s  

P i t m a n   a r m s  

S t e e r i n g   c o l u m n s   -- 

D r i v e   s h a f t s  

Rods  f o r   s t a b i l i z a t i o n   of  t h e   e n g i n e   or  f o r   g u i d i n g   t h e  

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

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

A  known  m e t h o d   of   m a k i n g   h o l l o w   r o d s   and  s h a f t s   of  t h e   k i n d  

in  q u e s t i o n   i s   to   c o n n e c t   t h e   h e a d s   and  t h e   t u b e ,   f o r  

i n s t a n c e   by  w e l d i n g ,   u se   of  s c r e w s   or  t r a n s v e r s e   p i n s   o r  

b y  i n s e r t i n g   p a r t s   of  t h e   h e a d s   in   t h e   t u b e   e n d s   and  d e -  

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

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

m o r e o v e r ,   i t   may  be  d o u b t f u l   w h e t h e r   t h e   j o i n t s   h a v e   t h e  

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

F a i l u r e s   in   j o i n t s   may  of  c o u r s e   h a v e   v e r y   s e r i o u s   c o n s e -  

q u e n c e s   in   some  a p p l i c a t i o n s .  

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

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

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

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

The  m a i n   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   to  a c h i e v e   a  

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

s h a f t s   of   h i g h   s t r e n g t   f rom  a  one   p i e c e   b l a n k .  

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   t h i s   i t   a c h i e v e d   by  m e a n s  

of  a  m e t h o d   w h i c h   c o m p r i s e s  

p r e s s i n g   of   a  b o l t   b l a n k   in   a  f i r s t   e x t r u s i o n   s t e p ,   by  u s e  

of   a  p l u n g e r   h a v i n g   a  s u b s t a n t i a l l y   p l a n a r   end ,   f o r   f o r m i n g  

a  s o l i d   h e a d ,  

p r e s s i n g   t h e   b l a n k   in   a  s e c o n d   s t e p ,   by  u se   of  a  p l u n g e r  

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

a n d  

p r e s s i n g   t h e   b l a n k   in  a  t h i r d   s t e p ,   by  u se   of  a  p l u n g e r  



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

s o l i d   h e a d .  

The  m e t h o d   can  be  c a r r i e d   o u t   m e r e l y   by  e x c h a n g i n g   t h e  

p l u n g e r s   b e t w e e n   t h e   v a r i o u s   s t e p s .   The  b l a n k   i s   e x t r u d e d  

t h r o u g h   t h e   same  n o z z l e   in   a l l   t h e   s t e p s ,   and  n e e d s   n o t  

be  r e m o v e d   f rom  t h e   e x t r u s i o n   a p p a r a t u s   b e t w e e n   t h e   s t e p s .  

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

f u r t h e r   e x p l a i n e d ,   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 ,   w h i c h   shows   f o u r   d i f f e r e n t   o p e r a t i o n s .   A l l  

t h e   F i g s .   show  l o n g i t u d i n a l   s e c t i o n s   t h r o u g h   an  e x t r u s i o n  

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

p l u n g e r s .   The  l e f t   h a l f   of   e a c h   F i g .   shows  t h e   b l a n k   a n d  

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

e a c h   F i g .   shows  t h e   b l a n k   and  t h e   p l u n g e r   a f t e r   t h e  

p r e s s i n g .  

T h u s ,   F i g .   1  shows  to   t h e   l e f t   one  h a l f   of  a  c y l i n d r i c a l  

b l a n k   1,  one  h a l f   of  a  c y l i n d r i c a l   p lunger   2  and  one  h a l f  

of   a  c o n t a i n e r   5.  To  t h e   r i g h t   in  F i g .   1  i s   shown  t h e  

s i t u a t i o n   a f t e r   t h e   f i r s t   p r e s s i n g   s t e p .   The  p l u n g e r   h a s  

p r e s s e d   a  s o l i d   p a r t   1   of  t h e   b l a n k   1  t h r o u g h   t h e   n o z z l e  

6,  s a i d   p a r t   of  t h e   b l a n k   h a v i n g   a  r e d u c e d   d i a m e t e r   r e l a t i v e l y  

to  t h e   i n i t i a l   b o l t .  

F i g .   2  shows  to   t h e   l e f t   t h e   same  b l a n k   1  as  shown  to   t h e  

r i g h t   in   F i g .   1,  b u t   a n o t h e r   p l u n g e r   3  h a v i n g   a  m a n d r e l  

3'  on  i t s   end  has   b e e n   m o u n t e d   in  t h e  p r e s s i n g   a p p a r a t u s .  

T h i s   r e s u l t s   in  t h e   b l a n k   shown  to  t h e   r i g h t   in   F i g .   2 

a f t e r   t h e   s e c o n d   p r e s s i n g   s t e p .   The  m a n d r e l   31  h a s  

f o r m e d   a  t u b u l a r   s e c t i o n   1 "   f o l l o w i n g   t h e   s o l i d   h e a d  

f o r m e d   in   t h e   f i r s t   s t e p .  

F i g .   3  shows  to  t h e   l e f t   t h e   same  b l a n k   as  shown  to  t h e  

r i g h t   in   F i g .   2,  b u t   t h e   p l u n g e r   h a v i n g   a  m a n d r e l   has   b e e n  



r e p l a c e d   by a  p lunge r   2  h a v i n g   a  p l a n a r   end  s u r f a c e ,  

i . e .   t h e   same  p l u n g e r   as  shown  in  F i g .   1.  T h u s ,   t h e  

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

s o l i d   head   1 " ' ,   as  shown  b e l o w   t h e   p l u n g e r   2  to  t h e  

r i g h t   in  F i g .   3.  The  u s e   of  t h e   p l a n a r   p l u n g e r   2  in   t h e  

t h i r d   s t e p   r e s u l t s   in   a  f l o w   of  b l a n k   m a t e r i a l   i n w a r d l y  

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

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

1111  in  t h i s   m a n n e r .  

F i g .   4  shows  to   t h e   l e f t   t h e   b l a n k   i n   t h e   s h a p e   as  f i n i s h e d  

i n   t h e   t h i r d   s t e p ,   as  shown  to  t h e   r i g h t   in  F i g .   3,  and  t o  

t h e   r i g h t   in  F i g .   4  i s   shown  t h e   a t   l e a s t   t e m p o r a r i l y  

f i n i s h e d   p r o d u c t .   In   t h i s   f o u r t h   s t e p   i s   c a r r i e d   o u t   a  

c u t t i n g   of  t h e   r o d ,   by  u s e   of   a  p l u n g e r   4  h a v i n g   a  

m a n d r e l   4'  w h i c h   f i t s   c l o s e l y   in   t h e   n o z z l e   a p e r t u r e ,   a n d  

t h e   f l a n g e   1 " "   f o r m e d   on  t h e   s e c o n d   h e a d   1 " '   of  t h e  

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

o u s l y   w i t h   m o v i n g   t h e   r o d   o u t   of  t h e   n o z z l e .   I t   i s  

t o   be  n o t e d ,   h o w e v e r ,   t h a t   t h i s   f o u r t h   s t e p   i s   n o t   n e c e s s a r y  

i n   a l l   c a s e s ,   b e c a u s e   t h e   r o d   can   be  f u r t h e r   p r e s s e d   in   t h e  

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

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

n o z z l e   by  d e f o r m i n g   t h e   f l a n g e ,   w h e r e u p o n   t h e   d e f o r m e d  

f l a n g e   can  be  r e m o v e d   by  u s e   of  any   s u i t a b l e   m e a n s .  

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

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

m a n d r e l   3 ' .   The  o t h e r   end  of   s a i d   h o l l o w   s p a c e   i s ,   h o w e v e r ,  

f o r m e d   by  a  f l o w   of   m a t e r i a l   m a i n l y   r a d i a l l y ,   in  t h e   t h i r d  

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

d e f i n e d   by  a  s u b s t a n t i a l l y   c o n i c a l   s u r f a c e ,   as  shown  i n  

F i g s .   3  and  4 .  

The   w a l l   t h i c k n e s s   in   t h e   t u b u l a r   s e c t i o n   of  t h e   rod   may  o f  

c o u r s e   be  f r e e l y   c h o s e n ,   and  i s   d e f i n e d   by  t h e   d i a m e t e r e s  



of  t h e   n o z z l e   a p e r t u r e   and  t h e   m a n d r e l   3'  u s e d   in   t h e  

t h i r d   s t e p ,   r e s p e c t i v e l y .  

As  m e n t i o n e d   i n t r o d u c t o r i l y   one  or   b o t h   h e a d s   may  b e  

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

s e c t i o n   of  t h e   r o d   may  be  m a c h i n e d ,   f o r   i n s t a n c e   in   a  l a t h e  

in  o r d e r   to  a c h i e v e   an  o u t s i d e   d i a m e t e r   w h i c h   l i e s   w i t h i n  

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

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

p o s s i b l e   to   make  h o l l o w   r o d s   f rom  one  p i e c e   of  m a t e r i a l ,  

and  to  a c h i e v e   e x c e l l e n t   s t r e n g t h   p r o p e r t i e s .   M o r e o v e r ,  

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

and  so  i s   t h e   d o u b t   as  to  t he   q u a l i t y   of  s u c h   j o i n t s .  



1.  Me thod   of  m a k i n g   l i g h t   m e t a l   h o l l o w   r o d s   and  s h a f t s  

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

s o l i d   head   on  e a c h   end  of   s a i d   s e c t i o n ,  

c  h  a  r  a  t  e  r  i  z  e  d   i n  

p r e s s i n g   of  a  b o l t   b l a n k   in   a  f i r s t   e x t r u s i o n   s t e p ,  

by  u s e   of  a  p l u n g e r   (2)  h a v i n g   a  s u b s t a n t i a l   p l a n a r  

e n d ,   f o r   f o r m i n g   of  a  f i r s t   s o l i d   h e a d   ( 1 ' ) ,  

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

(3)  h a v i n g   a  m a n d r e l   ( 3 ' )   on  i t s   e n d ,   f o r   f o r m i n g   t h e  

t u b u l a r   s e c t i o n   ( 1 " ) ,   and  p r e s s i n g   t h e   b l a n k   in  a  t h i r d  

s t e p ,   by  u se   of   a  p l u n g e r   (2)  h a v i n g   a  s u b s t a n t i a l   p l a n a r  

e n d ,   f o r   f o r m i n g   of   a  s e c o n d   s o l i d   h e a d   ( 1 " ' ) .  

2.   M e t h o d   as  c l a i m e d   i n   c l a i m   1 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   i n   t h a t   a l l   t h e   s t e p s   a r e  

c a r r i e d   o u t   in   t h e   same  p r e s s i n g   a p a r a t u s ,   by  e x c h a n g e  

o f   t h e   p l u n g e r s   ( 2 , 3 )   b e t w e e n   t h e   s t e p s .  

3.  M e t h o d   as  c l a i m e d   in   c l a i m   1  or   2 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t h e   p l u n g e r   u s e d   i n  

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

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

t h r o u g h   t h e   s e c o n d   h e a d .  

4.  M e t h o d   as  c l a i m e d   i n   one   of   c l a i m s   1  to   3 ,  

c  h  a  r  ac  t  e  r  i  z  e  d   in   t h a t   t h e   r o d   or   s h a f t  

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

b l a n k   by  p r e s s i n g   by  m e a n s   of   a  p l u n g e r   (4)  h a v i n g   a  

m a n d r e l   ( 4 ' )   of   a  d i a m e t e r   c o r r e s p o n d i n g   to   t h a t   of  t h e  

a p e r t u r e   t h r o u g h   t h e   n o z z l e   (6)  of   t h e   p r e s s i n g   a p p a r a t u s .  
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