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(S)  Agricultural  mould-boards  and  method  for  manufacturing  same. 

The  invention  is  an  agricultural  mouldboard  formed  from 
a  steel  containing  sulphur  or  sulphides  into  which  there  has 
been  incorporated  sufficient  of  a  rare  earth  element  or  ele- 
ments  or at  least  one  other sulphide  shape  modifying  element 
to  form  sulphides  or  substantially  globular  form.  A  particu- 
larly  useful  steel  has  a  composition,  by  weight,  substantially 
as  follows: 
0.6  to  1.2%  carbon; 
up  to  0.35%  silicon; 
up  to  0.02%  sulphur; 
up  to  0.05%  phosphorus; 
0.5  to  1.5%  manganese; 
up  to  1.0%  chromium; 
up  to  0.10'r  rare  earth  element  or  other  sulphide  shape  mod- 
ifying  element. 

The  mouldboard  is  made  by  gradually  and  uniformly 
heating  a  blank of the  modified steel  in  a furnace to  a tempera- 
ture  whereat  it  can  be  formed,  forming  said  blank  into  the 
desired  mouldboard  shape,  and  quenching  the  thus  formed 
article. 



This   i n v e n t i o n   r e l a t e s   to  m o u l d b o a r d s   fo r   t r a c t o r  

p l o u g h   b o d i e s .  

For  many  y e a r s   such   m o u l d b o a r d s   have   been   m a n u f a c t u r e d  

from  t h r e e - p l y   i r o n   and  s t e e l ,   i . e .   two  s h e e t s   of  s t e e l   w i t h  

an  i r o n   s h e e t   s a n d w i c h e d   b e t w e e n .   The  r e a s o n   fo r   u s i n g  

t h i s   t h r e e - p l y   i r o n   and  s t e e l ,   which  is   p r o d u c e d   by  h o t  

shee t   r o l l i n g ,   i s   to  r e s i s t   wear  and  b r e a k a g e .  

The  m o u l d b o a r d   i s   p a r t   of  a  p l o u g h   b o d y ,   and  w o r k s  

by  l i f t i n g   the   f u r r o w   s l i c e ,   t he   m o u l d b o a r d   c o n t o u r   t u r n -  

ing  the  s l i c e   s i d e w a y s   and  l a y i n g   i t   a g a i n s t   a  s i m i l a r l y  

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

The  m o u l d b o a r d   has  t he   a b r a s i o n   of  t he   s o i l   a g a i n s t  

i t ,   bo th   back   and  f r o n t ,   a l t h o u g h   more  so  w i t h   the   f r o n t .  

This  a c t i o n   of  t he   m o u l d b o a r d   p a s s i n g   t h r o u g h   the   s o i l  

c a u s e s   i t   to  w e a r .   In  a d d i t i o n   to  t h i s   i t   can  e n c o u n t e r  

a  v a r i e t y   of  o b j e c t s   c r e a t i n g   a  d a n g e r   of  b r e a k a g e   o r  

f r a c t u r e .  

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

from  a  m a t e r i a l   t h a t   w i l l   r e s i s t   wear  and  b r e a k a g e .  

Common  m a n u f a c t u r i n g   p r a c t i c e   i s   to  use  t h r e e - p l y  

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

by  f i n e   f i n i s h i n g   of  t he   w o r k i n g   f a c e .   Th i s   p r o d u c e s   t h e  

a d v a n t a g e   of  t he   o u t e r   s u r f a c e s   b e i n g   wear  r e s i s t a n t   a n d  

the  s u p p o r t   g i v e n   by  t he   s o f t   i r o n   c o r e   b e i n g   r e s i s t a n t  

to  b r e a k a g e   or  f r a c t u r e :  

I t   s h o u l d ,   h o w e v e r ,   be  n o t e d   t h a t   when  w o r k i n g ,  

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

q u i t e   p o s s i b l e ,   but   t h i s   o r d i n a r i l y   does   not   i m p a i r   t h e  

m o u l d b o a r d ' s   f u n c t i o n .  

What  is  d e s i r a b l e   in  a  m o u l d b o a r d   is   the   a v o i d a n c e   o f  

a  " s t r a n g h t - l i n e "   f r a c t u r e ,   which  in  the   c a s e   of  an  a l l  

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

of  the   s t e e l   from  which  the   c o m p o n e n t   is   made.   Any  s u c h  

" s t r a i g h t - l i n e "   f r a c t u r e   would  r e n d e r   the   m o u l d b o a r d  

u s e l e s s ,   and  the   m a c h i n e   would  have  to  be  s t o p p e d   and  t h e  

m o u l d b o a r d   r e p l a c e d .  



The  o b j e c t   of  t h i s   i n v e n t i o n   is   to  p r o v i d e   an  a l l -  

s t e e l   m o u l d b o a r d   wh ich   is  not   l i a b l e   to  such  b r e a k a g e   a s  

would  r e n d e r   t he   m o u l d b o a r d   u s e l e s s ,   and  which  has  r e a s o n a b l e  

wear  r e s i s t a n c e ,   so  t h a t   a  s e t   of  a s s e m b l e d   m o u l d b o a r d s   on  a 

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

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

p l o u g h   is   in  o p e r a t i o n .  

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

fo rmed   from  a  s t e e l   c o n t a i n i n g   s u l p h u r   or  s u l p h i d e s   i n t o  

which  t h e r e   has  been   i n c o r p o r a t e d   s u f f i c i e n t   r a r e   e a r t h  

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

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

F u r t h e r   a c c o r d i n g   to  the   i n v e n t i o n ,   a  me thod   f o r   t h e  

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

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

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

w h e r e a t   i t   can  be  f o r m e d ,   f o r m i n g   s a i d   b l a n k   i n t o   t h e  

d e s i r e d   s h a p e ,   and  q u e n c h i n g   the   f o r m e d   a r t i c l e .  

This   S p e c i f i c a t i o n   now  r e f e r s   to  t he   s t e e l m a k i n g  

p r a c t i c e   and  t he   s u b s e q u e n t   p r o c e s s i n g   of  t h i s   s t e e l ,  

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

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

of  m o u l d b o a r d .  

This   s u b s e q u e n t   p r o c e s s i n g   i s   d e s i g n e d   to  make  t h e  

b e s t   use  of  t h i s   h i g h   g r a d e   of  s t e e l   in  the   hot   r o l l e d  

form:   tn  e n s u r e   a  c o n s i s t e n t l y   h i g h   s t a n d a r d   of  m o u l d b o a r d s .  

The  d i r e c t i o n a l i t y   of  any  s t e e l   s t r u c t u r e   i s   p r i m a r i l y  
i n f l u e n c e d   by  n o n - m e t a l l i c   i n c l u s i o n s   such  as  s u l p h i d e s  
and  s i l i c a t e s .   If   t he   form  of  t h e s e   can  be  c o n t r o l l e d  

so  t h a t   t he   f o r m a t i o n   of  s t r i n g e r s   can  be  p r e v e n t e d   a n d  
i n s t e a d   the   s u l p h u r   c o n t e n t   p r e s e n t e d   in  s p h e r o i d a l   o r  
g l o b u l a r   f o rm ,   and  r a n d o m l y   d i s t r i b u t e d ,   t h e n   the   d i r e c t i o n -  

a l i t y   of  t he   s t e e l   w i l l   be  m i n i m i s e d   or  even  e l i m i n a t e d .  

This   d e s i r e d   s t a n d a r d   is   a c h i e v e d   in  the   s t e e l   used   in  t h e  

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

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

e l e m e n t s   as  c a l c i u m ,   t i t a n i u m   or  z i l c o n i u m   in  a m o u n t s  



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

to  t he   r e s t   of  t he   s t e e l m a k i n g   p r a c t i c e .  

One  c o n v e n i e n t   form  of  r a r e   e a r t h s   is   t he   c o m p o u n d  

c a l l e d   M i s c h m e t a l ,   c o n t a i n i n g   a p p r o x i m a t e l y   50%  c e r i u m ,   25% 

l a n t h a n u m ,   the   r e m a i n d e r   b e i n g   o t h e r   r a r e   e a r t h   e l e m e n t s .  

A n o t h e r   s u i t a b l e   way  of  i n t r o d u c i n g   c e r i u m   i n t o   t he   s t e e l  

c o m p o s i t i o n   is   in  t he   form  of  f e r r o - c e r i u m .  

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

fo r   s u l p h u r ,   o x y g e n   and  s i l i c o n ,   t he   whole   d e o x i d a t i o n   d e -  

s u l p h u r i s a t i o n   and  g r a i n   r e f i n i n g   p r a c t i c e   has  to  be  c a r e -  

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

s h o u l d   p r e f e r a b l y   be  used   on  s t e e l   of  v e r y   low  s u l p h u r  

c o n t e n t ,   l e s s   t h a n   0 .05%,   s u i t a b l y   l e s s   t h a n   0 .02%.   By 

u s i n g   a  d o u b l e   s l a g   p r o c e s s   to  e n s u r e   bo th   low  s u l p h u r   c o n -  

t e n t   and  c l e a n   s t e e l ,   the   r a r e   e a r t h   a d d i t i o n s   a re   k e p t   t o  

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

of  t he   form  of  t he   n o n - m e t a l l i c   i n c l u s i o n s .  

Also  the   s t e e l   s h o u l d   be  t h o r o u g h l y   d e o x i d i s e d ,   u s i n g  

a l u m i n i u m   or  o t h e r   g r a i n   r e f i n i n g   e l e m e n t s ,   in  such   a m o u n t s  

t h a t   c o m p l e t e   g r a i n   r e f i n i n g   is   a c h i e v e d .  

T h i s   me thod   of  p r e v e n t i n g   marked   d i r e c t i o n a l i t y   i n  

the   r o l l e d   s t r i p ,   s h e e t   or  p l a t e ,   by  m o d i f y i n g   the   form  o f  

the   s u l p h i d e s ,   i s   q u i t e   d i s t i n c t   from  the   p o s t - s t e e l m a k i n g  

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

such   d i r e c t i o n a l i t y ,   n a m e l y   the   use  o f  c r o s s - r o l l i n g   i n  

v a r y i n g  d e g r e e s ,   w h e t h e r   from  s l a b   to  form  s h e e t   or  t h e  

t r a n s v e r s e   r o l l i n g   of  t h i c k   s t r i p ,   or  the   use  of  t h e  

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

to  m i n i m i s e   or  e l i m i n a t e   d i r e c t i o n a l i t y .  

The  s t e e l m a k i n g   p r a c t i c e   n e c s s a r y   to  be  a s s o c i a t e d  

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

m o d i f y i n g   e l e m e n t s   i n c o r p o r a t e s   the  f o l l o w i n g   d e t a i l s : -  

Doub le   s l a g   p r a c t i c e   to  g i v e   0.02°o  max.  s u l p h u r .  

I n h e r e n t   f i n e   g r a i n   s t e e l   to  McQua id -EHn  5 - 8  

(or   e q u i v a l e n t   m e a s u r e m e n t   such  as  ASTM  5  and  f i n e r ) .  

S i l i c o n ,   c o n t e n t   p r e f e r a b l y   0.35%  m a x .  

C o m p l e t i o n   of  d e o x i d a t i o n ,   and  the   i n h e r e n t   f i n e   g r a i n  



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

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

w i t h   t h e   above   r e q u i r e m e n t s .  

When  r o l l e d   to  s h e e t ,   t he   g r a d e   of  s l a b   can  be  c h o s e n  

so  t h a t   a p a r t   from  the   d e s i r e d   a b s e n c e   of  d e l e t e r i o u s   d e f e c t s  

of  any  k i n d ,   i n c l u d i n g   s e g r e g a t i o n   and  p i p e ,   the   s u r f a c e  

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

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

L i k e w i s e ,   when  r o l l e d   to  p r o d u c e   hot   r o l l e d   s t r i p ,   t h e  

s u r f a c e   of  t he   s t r i p   is   p r e f e r a b l y   f r e e   from  u n a c c e p t a b l e  

s u r f a c e   f l a w s .  

L i k e w i s e ,   when  r o l l e d   to  p r o d u c e   hot   r o l l e d   s t r i p ,  

t he   s u r f a c e   of  t he   s t r i p   i s   p r e f e r a b l y   f r e e   from  u n -  

a c c e p t a b l e   s u r f a c e   f l a w s .   To  t h i s   end ,   i t   may  s o m e t i m e s  

be  n e c e s s a r y   to  s p e c i f y   a  p i c k l e d   s u r f a c e .  

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

the   i n v e n t i o n   may  c o n t a i n ,   by  w e i g h t ,   0.6%  to  1.2%  c a r b o n ,  

up  to  0 .35%  s i l i c o n ,   up  to  0 .02%  s u l p h u r ,   up  to  0 . 0 5 %  

p h o s p h o r u s ,   0 .5   to  1.5%  m a n g a n e s e ,   up  to  1.0%  c h r o m i u m ,  

and  up  to  0 .10%  r a r e   e a r t h   m e t a l ,   or  e q u i v a l e n t   amount   o f  

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

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

s u l p h u r   b e i n g   p r e s e n t   in  t he   form  of  s u l p h i d e   of  s u b s t a n -  

t i a l l y   g l o b u l a r   f o rm .   A  p ' a r t i c u l a r l y   u s e f u l   h igh   c a r b o n  

s t e e l   s p e c i f i c a t i o n   fo r   m a k i n o   a o r i c u l t u r a l   m o u l d b o a r d 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   i s : -  

C -   0 .85%:   S i  -   0 .15%  max:  5  -   0 .015%  max:  P  -   0 .030%  m a x :  
Mn -  1 .0%:  Rare   e a r t h   a d d i t i o n   1 ½ - 2 1 b / t o n n e   ( t h e o r e t i c a l  

y i e l d   i s   0 . 0 6 7   to  0 . 0 8 9 % )   as  M i s c h m e t a l   as  o u t l i n e d   a b o v e  

and  g r a i n   r e f i n e d .  

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

p l a t e   is   m a n u f a c t u r e d   from  a  s u i t a b l e   s t e e l   as  p r e v i o u s l y  
d e s c r i b e d   and  i s   c o l d   b l a n k e d   or  p a r e d   to  i t s   f l a t   s h a p e ,  
and  any  m o u n t i n g   h o l e s   a re   p u n c h e d   or  d r i l l e d   and  r e a m e d  

as  n e c e s s a r y .  
The  b l a n k s   a re   t h e n   l o a d e d   i n t o   a  f u r n a c e ,   fo r   e x a m p l e  

the   " w a l k i n g   beam"  f u r n a c e   shown  s c h e m a t i c a l l y   in  F i g u r e s  



1  and  2  of  t he   a c c o m p a n y i n g   d r a w i n g s .  

The  f u r n a c e   of  F i g u r e s   1  a n d  2   i s   d e s i g n e d   to  a c c o m -  

p l i s h   u n i f o r m   h e a t i n g   of  the   b l a n k s   and  r e g u l a t e   a  c o n -  

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

R e f e r r i n g   to  F i g u r e   1,  the   a r r o w   i n d i c a t e s   the   p r o -  

g r e s s i o n   of  t he   b l a n k s   t h r o u g h   t he   f u r n a c e   which   i s  

commonly   c a l l e d   a " w a l k i n g   beam"  f u r n a c e .  

A  b u r n e r   (a)   e . g .   a  gas  or  o i l   b u r n e r ,   is   m o u n t e d   a t  

the   l o a d i n g   end ,   and  is   d e s i g n e d   to  p r o d u c e   the   maximum 

t e m p e r a t u r e   of  t he   work  at  the   d i s c h a r g e   end  ( b ) .  

The  t e m p e r a t u r e   of  the   b l a n k   at  d i s c h a r g e   i s  

g o v e r n e d   b y : -  

( i )   r a t e   of  t h r o u g h p u t   a n d  

( i i )   h e a t   g e n e r a t e d   by  the   b u r n e r .  

In  no  c a s e   s h o u l d   the   b l a n k   be  s u b j e c t e d   to  a  t e m -  

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

As  s t a t e d   h e r e i n b e f o r e   the   a d v a n t a g e   of  t he   s p e c i a l l y  

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

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

t h u s   m i n i m i s i n g   an  o v e r s h o o t .  

The  s l o t   (c)   in  t he   h e a r t h   ( F i g u r e   2  -   which   i s   a n  
end  v iew  of  t he   f u r n a c e )   a l l o w s  t h r o u g h - h e a t i n g   of  t h e  

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

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

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

h e a t   and  t i m e   in  b r i n g i n g   the   f u r n a c e   up  to  a  w o r k i n g  

t e m p e r a t u r e .  

The  top  of  t he   f u r n a c e   (d)  is   b u i l t   on  a  m o d u l a r  

c o n s t r u c t i o n   and  any  worn  or  b u r n t   out   s e c t i o n   can  be  

q u i c k l y   r e p l a c e d .   A  c e r a m i c   f i b r e   l i n i n g   fo r   r o o f   a n d  

w a l l s   is   u sed   to  r e d u c e   h e a t   l o s s e s .  

The  b l a n k s   a re   s u i t a b l y   p i c k e d   up  by  vacuum  p a d s  
and  a re   d e p o s i t e d   at  the   e n t r y   (e)  to  t he   f u r n a c e   a n d  

t h e n c e   on  to  t he   " w a l k i n g   beam"  ( f ) .   Th i s   l o a d i n g  
d e v i c e   is   i n t e r l o c k e d   wi th   the   f u r n a c e   c i r c u i t r y ,   a n d  

c a r e f u l l y   t i m e d   to  the   f u r n a c e   t e m p e r a t u r e   and  b e n d i n g  

p r e s s   o p e r a t i o n   or  p r e s s - f o r m   q u e n c h i n g   u n i t .  



The  beam  ( f )   i s   a c t u a t e d   by  an  a i r   c y l i n d e r ,   and  t h e  

beam  a s s e m b l y   (g)  t r a v e r s e s   a l o n g   t r a c k s   m o u n t e d   at  t h e  

base   of  the   f u r n a c e   t h r o u g h   r o l l e r s   ( h ) .  

The  h e a t e d   m o u l d b o a r d   b l a n k s   are   r e m o v e d   from  t h e  

f u r n a c e   e x i t   (b)  at  an  a p p r o p r i a t e   h a r d e n i n g   t e m p e r a t u r e  

and  fed  i n t o   the   p r e s s   f o r m / q u e n c h   t o o l s   shown  in  s i d e  

and  p l a n   view  r e s p e c t i v e l y   in  F i g u r e s   3  a n d   4  of  t h e  

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

These   t o o l s   a r e   d e s i g n e d   to  hot   form  t he   b l a n k s  

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

s t a t i o n a r y   t o o l   (a)   and  a  mov ing   m a t i n g   t o o l   ( b ) .   B o t h  

a r e   f o r m e d   w i t h   a  p l u r a l i t y   of  h o l e s   (c)  t h r o u g h   w h i c h  

q u e n c h i n g   f l u i d   may  f l o w .  

The  f l a t   m o u l d b o a r d   b l a n k   i s   s e t   i n t o   t he   s t a t i o n a r y  

t o o l   (a)   to  a  s t o p   p o s i t i o n ,   and  the   moving   t o o l   (b)  i s  

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

t he   m o u l d b o a r d .  

At  t h i s   t ime   the   p r e s s u r e   i s   s l a c k e n e d   o f f   s l i g h t l y  

and  o i l   is   p r e s s u r e - f e d   to  b o t h   t o o l s ,   the   o i l   f l o w i n g  

t h r o u g h   the   h o l e s   (c)   c o m p l e t e l y   t o - s u b m e r g e   the   n e w l y  

s h a p e d   b l a n k .  

The  t i m i n g   of  t he   q u e n c h   i s   g o v e r n e d   to  h a r d e n   t h e  

b l a n k   and  t he   o i l   f e e d   can  be  v a r i e d   to  e i t h e r   f a c e   f o r  

s u d d e n   or  d e l a y e d   q u e n c h i n g .  

The  p u r p o s e   of  t h i s   a c t i o n   of  p r e s s   f o r m / q u e n c h i n g  

is   to  make  t he   s h a p e   and  h o l d   to  t he   r e q u i r e d   c o n t o u r  

d u r i n g   the   q u e n c h i n g   p r o c e s s ,   a v o i d i n g   the   c h a n g e   o f  

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

When  the   r e q u i r e d   h a r d e n i n g   has  been  a c h i e v e d   t h e  

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

o p e r a t i o n s   can  be  u n d e r t a k e n .   In  a  t y p i c a l   o p e r a t i o n  
the   f o rmed   m o u l d b o a r d   may  be  q u e n c h e d   to  a  h a r d n e s s   i n  

e x c e s s   of  810  Hv30,  l i g h t l y   t e m p e r i n g   back  to  a n  

a c c e p t a b l e   w o r k i n g   h a r d n e s s ,   fo r   e x a m p l e ,   7 5 0 - 8 0 0   H v 3 0 .  



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

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

of  a  r a r e   e a r t h   e l e m e n t   or  e l e m e n t s   or  at  l e a s t   one  o t h e r  

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

s t a n t i a l l y   g l o b u l a r   f o r m .  

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

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

3.  A  m o u l d b o a r d   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e   s t e e l  

has  a  c o m p o s i t i o n ,   by  w e i g h t ,   s u b s t a n t i a l l y   as  f o l l o w s : -  

0.6  to  1 .2%  c a r b o n ;  

up  to  0 . 3 5 %   s i l i c o n ;  

up  to  0 . 0 2 %   s u l p h u r ;  

up  to  0 . 0 5 %   p h o s p h o r u s ;  

0 .5   to  1 .5%  m a n g a n e s e ;  

up  to  1 .0%  c h r o m i u m ;  

up  to  0 . 1 0 %   r a r e   e a r t h   e l e m e n t   or  o t h e r   s u l p h i d e   s h a p e  

m o d i f y i n g   e l e m e n t .  

4.  A  m o u l d b o a r d   a c c o r d i n g   to  c l a i m   3  w h e r e i n   t h e   s t e e l  

has  t he   a p p r o x i m a t e   c o m p o s i t i o n ,   by  w e i g h t : -  
0.85%  c a r b o n ;  

0.15%  max.  s i l i c o n ;  

0 .015%  max.   s u l p h u r ;  

0 .030% max .   p h o s p h o r u s ;  

1 . 0 %   m a n g a n e s e ;  

0 . 0 6 7   to  0 . 0 8 9 %   M i s c h m e t a l .  

5.  A  m e t h o d   f o r   t h e   m a n u f a c t u r e   of  a  m o u l d b o a r d ,   c o m -  

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

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

in  a  f u r n a c e   to  a  t e m p e r a t u r e   w h e r e a t   i t   can  be  f o r m e d ,  

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

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

6.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  w h e r e i n   t h e   s u l p h i d e  

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

7.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  w h e r e i n   t h e   s t e e l   h a s  

the   c o m p o s i t i o n   s e t   ou t   in   c l a i m   3  or  c l a i m   4 .  



8.  A  m e t h o d   a c c o r d i n g   to  c l a i m   5  w h e r e i n   t he   f o r m i n g   o f  

t he   b l a n k   and  the   q u e n c h i n g   o f  t h e   f o r m e d   b l a n k   o c c u r   in  t h e  

same  p r e s s   t o o l .  










	bibliography
	description
	claims
	drawings
	search report

