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@  Bainitic  steels. 

  Tough,  wear-resistant  steels  suitable  for  railway,  tram- 
way  and  travelling  crane  applications. 

Said  steels  contain  manganese  0,3  to  3,0%,  molybde- 
num  0,2  to  3,0%  and  boron  up  to  0,01  %,  balance  iron  and  in- 
cidental  impurities;  they  may  optionally  contain  nickel  and/ 
or  chromium  and/or  copper  to  up  to  6%  for  each  of  these 
elements. 

The  steel  has  a  bainitic  structure  and  the  austenite-to- 
bainite  transformation  temperature  is  below  550  °C;  it  is 
easily weldable. 



T h i s   i n v e n t i o n   r e l a t e s   to   a l l o y   s t e e l s ,   a n d  

is   p a r t i c u l a r l y   t h o u g h   no t   n e c e s s a r i l y   e x c l u s i v e l y  

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

and  t r a v e l l i n g   c r a n e   a p p l i c a t i o n s .  

I t   has  l o n g   been   r e c o g n i s e d   t h a t   s u c h   i t e m s  

as  r a i l w a y   or  t he   l i k e   p o i n t s   and  c r o s s i n g s   s h o u l d  

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

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

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

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

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

u s e   w i t h   s u c h   p o i n t s   and  c r o s s i n g s ,   i t   h a s   t h e  

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

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

u s e d   in   t h e   p r o d u c t i o n   of   r a i l w a y   and  t h e   l i k e  

r a i l s   and  f r o m   w h i c h   r a i l w a y   and   t h e   l i k e   l i n e s  

t h e m s e l v e s   a r e   p r o d u c e d .  

In   an  a t t e m p t   t o   o v e r c o m e   t h i s   p r o b l e m   i t  

h a s   b e e n   p r o p o s e d   h i t h e r t o   to   p r o v i d e   a  s h o r t  

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

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

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

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

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

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



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

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

b e c a u s e   of  ' t h e   i n c r e a s e   in  t h e   n u m b e r   of  w e l d s  

r e q u i r e d .  

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

t r a m w a y   and  t r a v e l l i n g   c r a n e   a p p l i c a t i o n s ,   i t   i s  

w e l l - k n o w n   f o r   t h e   w h e e l s   of  r a i l w a y   e n g i n e s   a n d  

r o l l i n g   s t o c k ,   t r a m c a r s ,   and  t r a v e l l i n g   c r a n e s ,   t o  

be  f o r m e d   f r o m   s t e e l ,   w i t h   t h e   w h e e l ,   or  a t   l e a s t   a 

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

w e a r - r e s i s t a n t   s t e e l ,   b u t   w h i c h   a t   t h e   s a m e   t i m e  

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

f o r m i n g   t e c h n i q u e s ,   s u c h   as  f o r g i n g   and  r o l l i n g ,  

c a s t i n g   or  c o m p a c t i o n   and  f u s i o n   of  p a r t i c u l a t e  

f e e d s t o c k ,   to  be  e m p l o y e d .  

The  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   t o  

p r o v i d e   an  a l l o y   s t e e l   c a p a b l e   of  use   in  b o t h   c a s t  

and  w r o u g h t   f o r m s   t h a t   i s   b o t h   t o u g h   and  w e a r  

r e s i s t a n t   and  h e n c e   c a p a b l e   of  u s e   in  e.g.   r a i l w a y ,  

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

in  t h e   p r o d u c t i o n   o f ,   e . g . ,   r a i l w a y   and  t h e   l i k e  

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

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

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

and  in  t h e   p r o d u c t i o n   of  w h e e l s   or  r i m s   f o r   w h e e l s .  

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



s t e e l   c o m p r i s e s   b o r o n   p r e s e n t   and  up  to   0.01  H e i g h t  

p e r c e n t ,   m o l y b d e n u m   0.2  to   3 .0   w e i g h t   p e r c e n t ,  

m a n g a n e s e   0.3  to  3 .0  w e i g h t   p e r c e n t ,   b a l a n c e   i r o n  

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

b a i n i t i c   s t e e l   and  h a v i n g   an  a u s t e n i t e - t o - b a i n i t e  

t r a n s f o r m a t i o n   t e m p e r a t u r e   b e l o w   5 5 0 ° C .  

P r e f e r a b l y   n i c k e l   is  p r e s e n t   in  t h e   a m o u n t   up  to   6 

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

up  t o   6  w e i g h t   p e r c e n t   and  c o p p e r   i s   p r e s e n t   in  t h e  

a m o u n t   up  to  6  w e i g h t   p e r c e n t .  

T h u s ,   t h e   a l l o y   s t e e l   of  t h e   i n v e n t i o n   i s   a 

b a i n i t i c   s t e e l   w h i c h   p r e f e r a b l y   h a s   a  b a i n i t i c  

t r a n s f o r m a t i o n   t e m p e r a t u r e   in   t h e   r a n g e   4 4 0 ° C   t o  

470°C  and  s t i l l   more   p r e f e r a b l y   4 6 0 ° C .  

In  i t s   b a s i c   f o r m ,   t h e   a l l o y   s t e e l   of   t h e  

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

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

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

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

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

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

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

to  t h o s e   s t e e l s ,   n o r m a l l y   u sed   in  t h e   p r o d u c t i o n   o f  

r a i l w a y   and  t h e   l i k e   r a i l s ,   and  as  i t s   c o s t s   o f  

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

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



In  i t s   a p p l i c a t i o n   to   r a i l w a y   or  t h e   l i k e   s y s t e m s ,  

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

a v o i d i n g   t h e ' n e e d   f o r   t h e   s e p a r a t e   p r o d u c t i o n   of  a 

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

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

t he   l i k e   l i n e   s y s t e m .  

A  p r e f e r r e d   a l l o y   s t e e l   c o m p o s i t i o n   i n  

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   i s   as  f o l l o w s   ( w e i g h t  

p e r c e n t ) ,   c a r b o n   0 . 0 8 ,   s i l i c o n   0 . 3 ,   m a n g a n e s e   0 . 7 ,  

s u l p h u r   0 . 0 1 ,   p h o s p h o r o u s   0 . 0 1 ,   m o l y b d e n u m   0 . 5 ,  

b o r o n   0 . 0 0 2 ,   c h r o m i u m   2 .0 ,   n i c k e l   3 .0 ,   b a l a n c e   i r o n  

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

t h e   a m o u n t   up  t o   2 . 0 0   w e i g h t   p e r c e n t   may  b e  

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

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

of   b e i n g   h a r d e n e d   o v e r   a  w i d e   r a n g e   of  c o o l i n g  

r a t e s ,   and   by  m a i n t a i n i n g   c a r b o n   a t   v e r y   l o w  

l e v e l s ,   t h e r e   i s   p r o v i d e d   i m p r o v e d   w e l d a b i l i t y   by  

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

m a r t e n s i t e .  

The  i n c l u s i o n   of  n i c k e l   in  s u c h   s t e e l s  

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

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

in  i m p r o v i n g   w e l d a b i l i t y   by  i t s   d e p r e s s i o n   of  t h e  

b a i n i t i c   t r a n s f o r m a t i o n   t e m p e r a t u r e   to   an  e x t e n t  

g r e a t e r   t h a n   i t s   s u p p r e s s i o n   of  t h e   m a r t e n s i t e  



t e m p e r a t u r e   w h i c h   r e s u l t s   in  t h e   m a i n t e n a n c e   of  a 

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

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

w e l d i n g .   W h i l s t   m a n g a n e s e   i s  a n   e s s e n t i a l  e l e m e n t ,  

i t   s h o u l d   be  k e p t   l o w   t o   a s s i s t   w e l d a b i l i t y .  

A d d i t i o n s   of  c o p p e r   i n c r e a s e s   t h e   h a r d n e s s   a n d  

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

p r o p e r t i e s   can   be  f u r t h e r   i m p r o v e d   by  a d d i t i o n a l  

h e a t   t r e a t m e n t .  

In  a d d i t i o n   to   i t s   use  in  t h e   p r o d u c t i o n   o f  

p o i n t s   and  c r o s s i n g s ,   t he   m a t e r i a l   of  t he   i n v e n t i o n  

i s   w e l l   s u i t e d   t o   t h e   p r o d u c t i o n   of  w h e e l s   or  t h e  

r i m s   f o r   w h e e l s   f o r   r a i l w a y   e n g i n e s   and  r o l l i n g  

s t o c k ,   t r a m c a r s   and  t r a v e l l i n g   c r a n e s ,   by  p r o v i d i n g  

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

r e s i s t a n c e ,   and  a l l o w i n g   r e l a t i v e l y   c o n v e n t i o n a l  

f o r m i n g   t e c h n i q u e s   to   be  e m p l o y e d .  

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

w i t h   one   or  two   f l a n g e s ,   w i t h   t h e   r i m   p o r t i o n  

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

s e c t i o n .   C e n t r a l l y   of  t h e   web  or  p l a t e   s e c t i o n   i s  

a  b o s s   or  h u b ,   w h i c h   c an   be  i n t e g r a l   w i t h   t h e   w e b  

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

web  or  p l a t e   s e c t i o n ,   w i t h   t h e   b o s s   or  hub  m a c h i n e d  

or  p u n c h e d   to  p r o v i d e   a  t h r o u g h - b o r e   t h r o u g h   w h i c h  

an  a x l e   can   be  i n s e r t e d .   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 ,   e i t h e r   t h e   r i m   a l o n e ,   or  t h e   w h o l e   o f  

t h e   w h e e l   i s   f o r m e d   f r o m   t h e   a l l o y   s t e e l   a s  

h e r e i n b e f o r e   d e f i n e d ,   by  f o r g i n g   a n d / o r   r o l l i n g ,   by 

c a s t i n g ,   or  by  c o m p a c t i o n   and  f u s i o n   of  p a r t i c u l a t e  

f e e d s t o c k .  

P r e f e r a b l y ,   s u c h   r i m s   or  w h e e l s   a r e   h e a t  

t r e a t e d   by  h e a t i n g   t o   a b o v e   t r a n s f o r m a t i o n  

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

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

be  f u r t h e r   h e a t   t r e a t e d   by  h e a t i n g   t o   a  t e m p e r a t u r e  

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

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

m e d i u m .  



1.  An  a l l o y   s t e e l   c o m p r i s i n g   b o r o n  

p r e s e n t   and  up  t o   0 .01  w e i g h t   p e r c e n t ,   m o l y b d e n u m  

0.2  to  3 .0  w e i g h t   p e r c e n t ,   m a n g a n e s e  0 . 3   to   3 . 0  

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

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

and  h a v i n g   an  a u s t e n i t e - t o - b a i n i t e   t r a n s f o r m a t i o n  

t e m p e r a t u r e   b e l o w   5 5 0 ° C .  

2.  An  a l l o y   s t e e l   as  in   C l a i m   1,  w h e r e i n  

n i c k e l   i s   p r e s e n t   in  t h e   a m o u n t   up  to   6  w e i g h t  

p e r c e n t .  

3.  An  a l l o y   s t e e l   as  in   C l a i m   1  or  C l a i m  

2,  w h e r e i n   c h r o m i u m   is   p r e s e n t   in  t h e   a m o u n t   up  t o  

6  w e i g h t   p e r c e n t .  

4.  An  a l l o y   s t e e l   as  in  a n y  o n e   o f  C l a i m s  

1  t o   3,  w h e r e i n   c o p p e r   i s   p r e s e n t   in   t h e   a m o u n t   u p  

to  6  w e i g h t   p e r c e n t .  

5.  An  a l l o y   s t e e l   as  in   a n y  o n e   of  C l a i m s  

1  to   4,  w h e r e i n   t h e   b a i n i t i c   s t e e l   h a s   a  b a i n i t i c  

t r a n s f o r m a t i o n   t e m p e r a t u r e   in  t h e   r a n g e   4 4 0 ° C   t o  

4 7 0 ° C .  

6.  An  a l l o y   s t e e l   as  in   C l a i m   5,  w h e r e i n  

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

t e m p e r a t u r e   of  4 6 0 ° C .  

7.  An  a l l o y   s t e e l   as  in   any  of  C l a i m s   1 

to  6,  w h e r e i n   i t   c o m p r i s e s   ( w e i g h t   p e r c e n t )   c a r b o n  



0 . 0 8 ,   s i l i c o n   0 . 3 ,   m a n g a n e s e   0 . 7 ,   s u l p h u r   0 . 0 1 ,  

p h o s p h o r o u s   0 . 0 1 ,   m o l y b d e n u m   0 . 5 ,   b o r o n   0 . 0 0 2 ,  

c h r o m i u m   2 .0 ,   n i c k e l   3 . 0 .  

8.  An  a l l o y   s t e e l   a s  i n   C l a i m   7,  w h e r e i n  

c o p p e r   i s   p r e s e n t   in   t h e   a m o u n t   2 . 0 0   w e i g h t  

p e r c e n t .  

9.  R a i l w a y ,   t r a m w a y   and  t r a v e l l i n g   c r a n e  

l i n e   p o i n t s   and  c r o s s i n g s   when   f o r m e d   f r o m   t h e  

a l l o y   s t e e l   of  a n y  o n e   of  C l a i m s   1  to  8 .  

10.  R a i l w a y ,   t r a m w a y   and  t r a v e l l i n g   c r a n e  

w h e e l s   a n d / o r   w h e e l   r i m s   when  f o r m e d   f rom  t h e   a l l o y  

of  a n y  o n e   of  C l a i m s   1  to  8 .  
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