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©  METHOD  OF  MONITORING  FOR  DAMAGE  TO  SOLIDIFIED  SHELL  OF  METAL  CASTING  PRODUCE  DURING  REMOVAL  OF 
CASTING  FROM  HORIZONTAL  CONTINUOUS  CASTING  MACHINE.  ( 

  This  method  monitors  for  damage  within  a  horizontally 
mounted  mold  to  a  solidified  shell  of  a  casting  of  molten 
metal  produced  by  the  horizontal  and  continuous  removal  of 
the  casting  from  the  mold,  by  a  plurality  of  clamping  rods, 
via  a  brake  ring,  on  a  feed  nozzle  mounted  horizontally  in  an 
opening  in  the  lower  part  of  a  side  wall  of  a  tundish 
containing  molten  metal.  The  method  comprises  the  steps  of 
continuously  measuring  the  strain  on  any  of  at  least  one  of 
said  plurality  of  rods  and  a  sleeve  engaging  with  at  least  one 
of  said  plurality  of  rods,  and  monitoring  for  damage  within 
the  mold  to  the  shell  of  the  casting  by  taking  an  abrupt 
change  in  the  measured  strain  to  be  due  to  damage  to  the 
shell  of  the  casting  within  the  mold. 



FIELD  OF  THE  INVENTION 

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   f o r  

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

m e t a l   s t r a n d   in   a  m o l d ,   w h i c h   may  o c c u r   when  h o r i z o n t a l l y  

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

c o n t i n u o u s l y   f rom  t h e   mo ld   of   a  h o r i z o n t a l   t y p e   c o n t i n u o u s  

c a s t i n g   m a c h i n e .  

BACKGROUND  OF  THE  INVENTION 

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

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

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

s t r a n d   i n t e r m i t t e n t l y   and  c o n t i n u o u s l y   f rom  a  m o l d   h o r i z o n -  

t a l l y   f i t t e d   to   an  o p e n i n g   p r o v i d e d   a t   t he   l o w e r   p o r t i o n  

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

F i g .   1  i s   a  s c h e m a t i c   d e s c r i p t i v e   s e c t i o n a l . v i e w  

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



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

c o n t i n u o u s   c a s t i n g   m a c h i n e .   In  F i g .  1 ,  1  i s  a  t u n d i s h  

f o r   c o n t a i n i n g   a  m o l t e n   m e t a l ,   and  2  i s   a  mo ld   h a v i n g   a  

c a s i n g   9,  h o r i z o n t a l l y   f i t t e d   to  an  o p e n i n g   l a   p r o v i d e d  

a t   t h e   l o w e r   p o r t i o n   o f   t h e   t u n d i s h   1.  A  s p a c e   12  f o r  

c i r c u l a t i n g   c o o l i n g   w a t e r   f o r   c o o l i n g   t h e   mo ld   2  i s  

f o r m e d   b e t w e e n   t h e   m o l d   2  and   t h e   c a s i n g   9 .  

In  F i g .   I ,   3  i s   a  f e e d   n o z z l e   h o r i z o n t a l l y   f i t t e d  

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

t u n d i s h   I ,   and  4  i s   a  b r e a k   r i n g   h o r i z o n t a l l y   f i t t e d   b e t -  

w e e n   an  e n d   of  t h e   f e e d   n o z z l e   3  and  t h e   i n l e t   o f   t h e  

m o l d   2.  The  o u t e r   p e r i p h e r y   of  t h e   end   o f   t h e   f e e d   n o z z l e  

3  i n   c o n t a c t   w i t h   t h e   b r e a k   r i n g   4  h a s   an  i n c l i n e d   f a c e  

e x t e n d i n g   t o w a r d   o u t s i d e .   The  o u t e r   p e r i p h e r y   o f   an  e n d  

o f   t h e   b r e a k   r i n g   4  in   c o n t a c t   w i t h   t h e   m o l d   2  h a s   a n  

i n c l i n e d   f a c e   d i r e c t e d   t o w a r d   i n s i d e .   The  b r e a k   r i n g   4 

e n g a g e s   w i t h   t h e   i n s i d e   o f   t h e   i n l e t   o f   t h e   mo ld   2  h a v i n g  

an  i n c l i n e d   f a c e   m a t c h i n g   w i t h   t h e   i n c l i n e d   f a c e   o f   t h e  

b r e a k   r i n g   4 .  

In  F i g .   1,  8  i s   an  a n n u l a r   c l a m p i n g   p l a t e   h a v i n g  

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

f a c e   o f   t h e   f e e d   n o z z l e   3,  and   t h e   i n c l i n e d   f a c e   o f   t h e  

f e e d   n o z z l e   3  i s   e n g a g e d   w i t h   t h e   b o r e   o f   t h e   c l a m p i n g  

p l a t e   8.  The  mold   2  h a s   a  f l a n g e   2b  a t   t h e   i n l e t   t h e r e o f ,  

and  t h e   c a s i n g   9  has   a l s o   a  f l a n g e   9a.   The  f l a n g e   9a  o f  



t h e   c a s i n g   9  i s   f i x e d   to  t h e   f l a n g e   2b  o f   t h e   mold   2 .  

The  f l a n g e   9a  of  t he   c a s i n g   9  i s   s e c u r e d   to  t h e  

c l a m p i n g   p l a t e   8  by  means   of  a  p l u r a l   s e t s   of   a  t i g h t e n -  

i n g   r o d   5  and  a  n u t   7  p a s s i n g   t h r o u g h   a  p l u r a l i t y   o f  

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

of   t h e   c l a m p i n g   p l a t e   8  and  t h e   f l a n g e   9a  of   t h e   c a s i n g  

9.  A  s p r i n g   6  i s   p r o v i d e d   a t   an  end   of   e a c h   of   t h e  

t i g h t e n i n g   r o d s   5 .  

By  t i g h t e n i n g   the   n u t s   7,  t h e r e f o r e ,   t h e   c a s i n g  

9,  t h e   mo ld   2,  t h e   b r e a k   r i n g   4,  and   t h e   f e e d   n o z z l e   3 

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

i n t e r m e d i a r y   of  t h e   p l u r a l i t y   of  t i g h t e n i n g   r o d s   5  a n d  

t h e   p l u r a l i t y   of   s p r i n g s   6.  H y d r a u l i c   c y l i n d e r s   may  b e  

u s e d   in   p l a c e   of  t h e   a b o v e - m e n t i o n e d   s p r i n g s   6 .  

W i t h   t h e   a b o v e - m e n t i o n e d   h o r i z o n t a l   t y p e   c o n t i n u o u s  

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

The  m o l t e n   m e t a l   c o n t a i n e d   in  t h e   t u n d i s h   I  i s   h o r i z o n t a l l y  

w i t h d r a w n   i n t e r m i t t e n t l y   and  c o n t i n u o u s l y   f r o m   t h e   mold  2 

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

I  w h i l e   f o r m i n g   a  s o l i d i f i e d   s h e l l   i n   t h e   m o l d   2,  t h r o u g h  

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

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

F i g .   2  i s   a  d e s c r i p t i v e   g r a p h   i l l u s t r a t i n g   a n  

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



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

f r o m   t h e   mo ld   as  d e s c r i b e d   a b o v e .   In  F i g .   2,  t h e   a b s c i s s a  

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

s p e e d   in   t h e   u p p e r   h a l f   s t a r t i n g   f r o m   p o i n t   0,  and  t h e  

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

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

0 .  

F i g s .   3 ( a )   and   3 (b )   a r e   d e s c r i p t i v e   d r a w i n g s  

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

t h e  m o l d   2  when  h o r i z o n t a l l y   w i t h d r a w i n g   t h e   c a s t   m e t a l  

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

by  t h e   a b o v e - m e n t i o n e d   m e t h o d .   F i g .   3 ( a )   shows   s h e l l  

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

a  c y c l e   c o m p r i s i n g   a  p u l l   and  a  p u s h ,   w h e r e a s   F i g .   3 ( b ) ,  

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

of   a  c y c l e   c o m p r i s i n g   a  p u l l   and  a  p u s h .   The  m o l t e n   m e t a l  

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

i n t o   t h e   mo ld   2  i s   c o o l e d   by  t h e   m o l d   2  and   t h e   b r e a k  

r i n g   4  to   fo rm  a  s o l i d i f i e d   s h e l l   10  as  shown  in  F i g s .  

3 ( a )   and  3 ( b ) .   A  c a s t   m e t a l   s t r a n d   h a v i n g   t h e   t h u s   f o r m e d  

s o l i d i f i e d - s h e l l   10  i s   h o r i z o n t a l l y   w i t h d r a w n   i n t e r m i t -  

t e n t l y   and  c o n t i n u o u s l y   f r o m   t h e   m o l d   2  w h i l e   i n c r e a s i n g  

t h e   t h i c k n e s s   o f   t h e   s o l i d i f i e d   s h e l l .  

H o w e v e r ,   an  a b n o r m a l i t y   may  c a u s e   b r e a k a g e   of  t h e  

s o l i d i f i e d   s h e l l   10  o f   t h e   c a s t   s t r a n d   in   t h e   mold   2  a t  



t h e   t i m e   of   t h e   p u l l   in  t h e   n e x t   c y c l e .   F i g .   3 ( c )   i s   a  

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

s o l i d i f i e d   s h e l l   10.  As  shown  in  F i g .   3 ( c ) ,   i f   w i t h d r a w a l  

of   t h e   c a s t   s t r a n d   f rom  t h e   mold   2  i s   c o n t i n u e d   w i t h   a  

b r e a k a g e   o c c u r r i n g   in   t he   mo ld   2,  a  b r e a k o u t   o f   t h e   c a s t  

s t r a n d   o c c u r s   a t   t h e   e x i t   of  t h e   mo ld   2,  and   t h i s   m a y  

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

f u r t h e r   c a s t i n g .  

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

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

s t r a n d   f rom  t h e   mo ld   2  i m m e d i a t e l y   upon   o c c u r r e n c e   of  a  

b r e a k a g e   of  t h e   s o l i d i f i e d   s h e l l   10  of   t h e   c a s t   s t r a n d  

in   t h e   mo ld   2,  and  c o o l   and  s o l i d i f y   m o l t e n   m e t a l   h a v i n g  

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

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

w i t h d r a w a l   of  t h e   c a s t   s t r a n d   f rom  t h e   m o l d   2,  t h e   o c c u r -  

r e n c e   of   a  b r e a k a g e   of  t h e   s o l i d i f i e d   s h e l l   10  f o r m e d   i n  

t h e   m o l d   2 .  

Fo r   t h e   p u r p o s e   of   p r e v e n t i n g   t h e   o c c u r r e n c e   o f  

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

m o n i t o r i n g   a  b r e a k a g e   of  a  s o l i d i f i e d   s h e l l   in   a  mold   i s  

k n o w n :  

A  m e t h o d ,   d i s c l o s e d   in  J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  4 9 - 2 6 , 8 1 2   d a t e d   J u l y   12,  1974 ,   w h i c h   c o m p r i s e s :  



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

d r a w i n g   a  c a s t   s t r a n d   of   a  m e t a l   i n t e r m i t t e n t l y   and   c o n -  

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

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

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

a  b r e a k   r i n g   to  a  f e e d   n o z z l e   h o r i z o n t a l l y   f i t t e d   to   a n  

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

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

s a i d   m o l d   by  a  t h e r m o c o u p l e   b u i l t   in   t h e   mo ld   w a l l . n e a r  

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

and  d e e m i n g   a  s u d d e n   d e c r e a s e   i n   s a i d   m e a s u r e d   t e m p e r a t u r e  

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

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

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

c a s t   s t r a n d   in   s a i d   mo ld   ( h e r e i n a f t e r   r e f e r r e d   to   as  t h e  

" p r i o r   a r t " ) .  

In   t h e   a b o v e - m e n t i o n e d   p r i o r   a r t ,   t h e   o c c u r r e n c e  

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

in  t h e   m o l d   can   be  d e t e c t e d   by  m e a n s   of   s u d d e n   c h a n g e   i n  

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

As  s h o w n   in   F i g .   3 ( c ) ,   when   t h e   s o l i d i f i e d   s h e l l   10  o f  

t h e   c a s t   s t r a n d   i s   b r o k e n   i n   t h e   m o l d   2,  t h e   p o r t i o n   o f  

t h e   m o l d   2  in   a s s o c i a t i o n   w i t h   t h e   s o l i d i f i e d   s h e l l   1 0  

l e f t   on  t h e   s i d e   of   t h e   b r e a k   r i n g   4  i s   p r e v e n t e d   f r o m  

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



m e t a l   in  t h e   mold   2  by  the   r e m a i n i n g   s o l i d i f i e d   s h e l l   1 0 ,  

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

T h e r e f o r e ,   i t   i s   p o s s i b l e   to  m o n i t o r   a  b r e a k a g e   of   t h e  

s o l i d i f i e d   s h e l l   10  by  b u i l d i n g   a  t h e r m o c o u p l e   in   t h e   w a l l  

of  t h e   m o l d   2  n e a r   t h e   p o s i t i o n   a t   w h i c h   t h e   s o l i d i f i e d  

s h e l l   10  i s   f i r s t   f o r m e d ,   and  c o n t i n u o u s l y   m e a s u r i n g   t h e  

t e m p e r a t u r e   of  t h i s   p o r t i o n   of   t h e   mo ld   2 .  

H o w e v e r ,   in   t h e   a b o v e - m e n t i o n e d   p r i o r   a r t ,   i t   i s  

n e c e s s a r y   to  b u i l d   a  t h e r m o c o u p l e   in   t h e   mo ld   w a l l   f o r  

t h e   m e a s u r e m e n t   of   t h e   mold   t e m p e r a t u r e .   I t   i s   t h u s   n e c e s -  

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

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

t h e r m o c o u p l e   in   t h e   mold   w a l l .   T h i s   r e s u l t s   in   a  c o m p l i -  

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

t h e   mo ld   and  to   a  h i g h e r   m a n u f a c t u r i n g   c o s t   of  t h e   m o l d .  

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

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

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

SUMMARY  OF  THE  INVENTION 

An  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 h e r e f o r e  

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

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

c o n t i n u o u s   c a s t i n g   m a c h i n e ,   w h i c h   may  o c c u r   when  h o r i z o n -  

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



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

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

t h e   m o l d .  

In  a c c o r d a n c e   w i t h   one   o f   t h e   f e a t u r e s   of   t h e  

p r e s e n t   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  m e t h o d   f o r   m o n i t o r -  

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

m e t a l   i n   a  m o l d ,   w h i c h   may  o c c u r   when  h o r i z o n t a l l y   w i t h -  

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

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

f r o m   s a i d   m o l d   h a v i n g   an  o u t e r   s u r f a c e - a n d   h o r i z o n t a l l y  

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

i n t e r m e d i a r y   of   a  b r e a k   r i n g   t o .  a   f e e d   n o z z l e   h o r i z o n t a l l y  

f i t t e d   to   an  o p e n i n g   p r o v i d e d   a t   t h e   l o w e r   p o r t i o n   o f   t h e  

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

z o n t a l   t y p e   c o n t i n u o u s   c a s t i n g   m a c h i n e ;   w h i c h   c o m p r i s e s :  

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

m o l d   w h i l e   w i t h d r a w i n g   s a i d   c a s t   s t r a n d   f r o m   s a i d   mo ld   b y  

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

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

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

in   s a i d   m o l d   to   m o n i t o r   s a i d   b r e a k a g e   o f   s a i d   s o l i d i f i e d  

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

c h a r a c t e r i z e d   b y :  

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



w h i l e   w i t h d r a w i n g   s a i d   c a s t   s t r a n d   f r o m   s a i d   mo ld   by  s a i d  

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

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

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

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

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

s a i d   s o l i d i f i e d   s h e l l   of   s a i d   c a s t   s t r a n d   in   s a i d   mo ld   t o  

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

c a s t   s t r a n d   in  s a i d   m o l d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   I  i s   a  s c h e m a t i c   d e s c r i p t i v e   s e c t i o n a l   v i e w  

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

a  t u n d i s h   and  a  mold   in  a  c o n v e n t i o n a l   h o r i z o n t a l   t y p e  

c o n t i n u o u s   c a s t i n g   m a c h i n e ;  

F i g .   2  i s   a  d e s c r i p t i v e   g r a p h   i l l u s t r a t i n g   a n  

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

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

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

F i g .   3 ( a )   i s   a  d e s c r i p t i v e   d r a w i n g   i l l u s t r a t i n g  

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

when  h o r i z o n t a l l y   w i t h d r a w i n g   t h e   c a s t   s t r a n d   i n t e r m i t t e n t l y  

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

c o m p r i s i n g   a  p u l l   and  a  p u s h ;  



F i g .   3 ( b )   i s   a  d e s c r i p t i v e   d r a w i n g   i l l u s t r a t i n g  

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

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

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

m i t t e n t l y   and  c o n t i n u o u s l y   f rom  a  m o l d ;  

F i g .   3 ( c )   i s   a  d e s c r i p t i v e   d r a w i n g   i l l u s t r a t i n g  

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

c a s t   m e t a l   s t r a n d ;  

F i g .   4  i s   a  s c h e m a t i c   d e s c r i p t i v e   s e c t i o n a l   v i e w  

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

i n v e n t i o n ;  

F i g .   5  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n   a m o n g  

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

t h e   s t r a i n   v a l u e s   o f   t h e   mo ld   as  m e a s u r e d   by  t h e   m e t h o d  

o f   t h e   p r e s e n t   i n v e n t i o n   shown  in   F i g .   4,  and   t h e   t e m p e r a -  

t u r e   v a l u e s   of   t h e   m o l d   as  m e a s u r e d   by  t h e   p r i o r   a r t ;  

F i g .   6  i s   a  s c h e m a t i c   d e s c r i p t i v e   s e c t i o n a l   v i e w  

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

p r e s e n t   i n v e n t i o n ;   a n d ,  

F i g .   7  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n   a m o n g  

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

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

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   shown  in  F i g .   6,  and  t h e  



t e m p e r a t u r e   v a l u e s   of   t h e   mo ld   as  m e a s u r e d   by  t h e   p r i o r  

a r t .  

, 

PREFERRED  EMBODIMENTS  OF  THE  INVENTION 

From  t h e   a b o v e - m e n t i o n e d   p o i n t   of  v i e w ,   we  c a r r i e d  

o u t   e x t e n s i v e   s t u d i e s   w i t h   a  v i e w   to  d e v e l o p i n g   a  m e t h o d  

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

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

c a s t i n g   m a c h i n e ,   w h i c h   may  o c c u r   when  h o r i z o n t a l l y   w i t h -  

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

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

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

As  a  r e s u l t ,   we  f o u n d   t h a t ,   w h i l e   h o r i z o n t a l l y  

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

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

and  a  p u s h ,   f rom  a  mo ld   h a v i n g   an  o u t e r   s u r f a c e   h o r i z o n t a l l y  

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

i n t e r m e d i a r y   of   a  b r e a k   r i n g ,   to   a  f e e d   n o z z l e   h o r i z o n t a l l y  

f i x e d   to   an  o p e n i n g   p r o v i d e d   a t   t h e   l o w e r   p o r t i o n   of   t h e  

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

h o r i z o n t a l   t y p e   c o n t i n u o u s   c a s t i n g   machine,  the  s t r a i n   va lue   o f  

t h e   mold   has   a  c l o s e   c o r r e l a t i o n   w i t h   t h e   t e m p e r a t u r e  

v a l u e   of   t he   mold   d u r i n g   w i t h d r a w a l   of   t h e   c a s t   s t r a n d ,  

and  t h a t   t he   s t r a i n   v a l u e   of  t h e   p l u r a l i t y   of  t i g h t e n i n g  

r o d s   has   a  c l o s e   c o r r e l a t i o n   w i t h   t he   s t r a i n   v a l u e   of  t h e  

m o l d .  



The  p r e s e n t   i n v e n t i o n   was  made  on  t h e   b a s i s   o f   t h e - -  

a b o v e - m e n t i o n e d   f i n d i n g s ,   and   t h e   m e t h o d   o f   t h e   p r e s e n t  

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

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

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

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

d r a w i n g s .  

F i g .   4  i s  a   s c h e m a t i c   d e s c r i p t i v e   s e c t i o n a l   v i e w  

i l l u s t r a t i n g   an  e m b o d i m e n t   ( h e r e i n a f t e r   r e f e r r e d   to   as  t h e  

" f i r s t   e m b o d i m e n t " )   o f   t h e  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 .  

In   F i g .   4,  2  i s   a  m o l d   h a v i n g   a  c a s i n g   9,  h o r i z o n t a l l y   f i t -  

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

w a l l   o f   a  t u n d i s h   ( n o t   s h o w n )   f o r   c o n t a i n i n g   a  m o l t e n   m e t a l ,  

and   4  i s   a  b r e a k   r i n g   e n g a g i n g   w i t h   t h e   i n l e t   of   t h e   m o l d  

2.  The  m o l d   2,  t h e   c a s i n g   9,  t h e   b r e a k   r i n g   4,  and   a  f e e d  

n o z z l e   ( n o t   shown)   a r e   i n t e g r a l l y   and  e l a s t i c a l l y   c o n n e c t e d  

by  a  p l u r a l i t y   of   t i g h t e n i n g   r o d s   ( n o t   s h o w n ) .   The  o u t e r  

s u r f a c e   2a  of   t h e   m o l d   2  i s   c o v e r e d   by  t h e   c a s i n g   9,  a n d  

a  s p a c e   12  f o r   t h e   c i r c u l a t i o n   o f   c o o l i n g   w a t e r   f o r   c o o l -  

i n g   t h e   mo ld   2  i s   f o r m e d   b e t w e e n   t h e   m o l d   2  and  t h e   c a s i n g  

9 .  

A l s o   in   F i g .   4,  11  i s   a t   l e a s t   one   m i c r o   d i s p l a c e -  

m e n t   m e t e r   f o r   m e a s u r i n g   t h e   s t r a i n   v a l u e   o f   t h e   mold   2 .  

The  a t   l e a s t   one  m i c r o   d i s p l a c e m e n t   m e t e r   11  i s   s e c u r e d  

to   t h e   c a s i n g   9,  and  a  p r o b e   l l a -  o f   t h e   a t   l e a s t   one  m i c r o  



d i s p l a c e m e n t  m e r g e r   11  p a s s e s   t h r o u g h   t h e   c a s i n g   9  and  t h e  

t i p   t h e r e o f   i s   in   c o n t a c t   w i t h   t h e   o u t e r   s u r f a c e   2a  o f  

t he   m o l d   2.  The  p o s i t i o n   a t   w h i c h   t h e   p r o b e   l l a   o f   t h e  

a t   l e a s t   one   m i c r o   d i s p l a c e m e n t   m e t e r   11  i s   b r o u g h t   i n t o  

c o n t a c t   w i t h   t h e   o u t e r   s u r f a c e   2a  of  t h e   mold   2  s h o u l d  

be  w i t h i n   t h e   r a n g e   of  d i s t a n c e   of   up  to   f i v e   t i m e s   t h e  

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

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

m e a s u r e d   f r o m   t h e   i n l e t   of  t h e   m o l d   2  ( u s u a l l y   f r o m   a b o u t  

5mm  to   a b o u t   50  mm).  P r e f e r a b l y ,   t h e   p o s i t i o n   a t   w h i c h  

t h e   p r o b e   l l a   i s   in  c o n t a c t   w i t h   t h e   o u t e r   s u r f a c e   2a  o f  

t h e   m o l d   2  s h o u l d   be  w i t h i n   t h e   r a n g e   of  d i s t a n c e   of  u p  

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

s t r a n d   d u r i n g   a b o v e - m e n t i o n e d   one  c y c l e   as  m e a s u r e d   f r o m  

t h e   i n l e t   of   t h e   mold   2,  w i t h   a  v i e w   to  a c h i e v i n g   a  h i g h e r  

m e a s u r i n g   a c c u r a c y .  -  

In  t h e   f i r s t   e m b o d i m e n t   shown  in   F i g .   4,  a  b r e a k a g e  

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

m o n i t o r e d   by :   c o n t i n u o u s l y   m e a s u r i n g   s t r a i n   v a l u e s   of   t h e  

mold   2  by  m e a n s   of  t h e   p r o b e   l l a   of   t h e   a t   l e a s t   o n e  

m i c r o   d i s p l a c e m e n t   m e t e r   11  w h i l e   w i t h d r a w i n g   t h e   c a s t  

m e t a l   s t r a n d   f rom  t h e   mold  2  by  t h e   p l u r a l i t y   of  c y c l e s  

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

s t r a i n   v a l u e s   of  t h e   mold  2  as  f u n c t i o n s   of  t h e   t e m p e r a -  

t u r e   v a l u e s   of  t h e   mold  2;  and  d e e m i n g   a  s u d d e n   c h a n g e   i n  



t h e   m e a s u r e d   s t r a i n   v a l u e s   o f  t h e  m o l d  2  a s  r e p r e s e n t i n g  

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

t h e   c a s t   m e t a l   s t r a n d   in   t h e   mo ld   2 .  

In  t h e   f i r s t   e m b o d i m e n t   s h o w n   i n   F i g .   4,  t h e  

r e a s o n   why  t h e   m e a s u r e d   s t r a i n   v a l u e   o f   t h e   mo ld   2  c a n  

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

mo ld   2  i s   as  f o l l o w s :   The  o c c u r r e n c e   o f   a  b r e a k a g e   o f  

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

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

2,  t h u s   r e s u l t i n g   in   a  s u d d e n   s h r i n k a g e   o f   t h e   mold   2 .  

T h e r e   i s   a  v e r y   c l o s e   c o r r e l a t i o n ,   as  s h o w n   in   F i g .   5 ,  

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

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

t h e   t e m p e r a t u r e   o f   t h e   mo ld   2,  and   t h e   s u d d e n   s h r i n k a g e  

of   t h e   m o l d   2.  I t   i s   t h e r e f o r e   p o s s i b l e   to   m o n i t o r   t h e  

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

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

v a l u e   o f   t h e   m o l d   2 .  

F i g .   5  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n   a m o n g  

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

t h e   s t r a i n   v a l u e s   of   t h e   mold   as  m e a s u r e d   i n   a c c o r d a n c e  

w i t h   t h e   f i r s t   e m b o d i m e n t   o f   t h e   m e t h o d   o f   t h e   p r e s e n t  

i n v e n t i o n   shown  i n   F i g .   4,  and  t h e   t e m p e r a t u r e   v a l u e s   o f  

t h e   m o l d   as  m e a s u r e d   by  t h e   p r i o r   a r t .   As  shown  i n . F i g .  

5,  when  a  c a s t   m e t a l   s t r a n d   i s   s t a b l y   w i t h d r a w n   f rom  t h e  



mold   2  by  a  p l u r a l i t y   of  c y c l e s   e a c h   c o m p r i s i n g   a  p u l l  

and   a  p u s h ,   t h e   m e a s u r e d   t e m p e r a t u r e   v a l u e s   and  t h e  

m e a s u r e d   s t r a i n   v a l u e s   of  t h e   m o l d   2  p r o p o r t i o n a l l y   v a r y  

w i t h i n   a  c e r t a i n   r a n g e   in  a g r e e m e n t   w i t h   t h e   a b o v e - m e n -  

t i o n e d   c y c l e s .   When  t he   s o l i d i f i e d   s h e l l   of   t h e   c a s t  

m e t a l   s t r a n d   i s   b r o k e n   in  t h e   m o l d   2,  on  t h e   o t h e r   h a n d ,  

t h e   m e a s u r e d   t e m p e r a t u r e   v a l u e s   o f   t h e   m o l d   2  s u d d e n l y  

d e c r e a s e ,   and  in   a g r e e m e n t   w i t h   t h i s   s u d d e n   d e c r e a s e   i n  

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

mo ld   2  a l s o   show  a  s u d d e n   c h a n g e .  

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

v a l u e s   of   t h e   mo ld   2  w h i l e   w i t h d r a w i n g   t h e   c a s t   m e t a l  

s t r a n d   f rom  t h e   mold   2  by  t h e   p l u r a l i t y   o f   c y c l e s   e a c h  

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

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

s t r a n d   in   t h e   mo ld   2  by  d e e m i n g   a  s u d d e n   c h a n g e   in   t h e  

m e a s u r e d   s t r a i n   v a l u e s   of   t h e   m o l d   2  as  r e p r e s e n t i n g   t h e  

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

c a s t   m e t a l   s t r a n d   in   t he   mo ld   2 .  

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

f r o m   a  h i g h - t e m p e r a t u r e   m o l t e n   m e t a l ,   to   w h i c h   t he   mold   2 

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

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

v a l u e   of  t h e   mold   2  w h i l e   w i t h d r a w i n g   t h e   c a s t   m e t a l  

s t r a n d   in  a  n o r m a l   w i t h d r a w a l .   A  d i f f e r e n t i a l   t r a n s f o r m e r  



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

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

t h e   a t   l e a s t   one   m i c r o   d i s p l a c e m e n t   m e t e r   11  f o r   m e a s u r i n g  

t h e   s t r a i n   v a l u e   o f   t h e  m o l d   2 .  

When  t h e   m o l d   2  h a s   a _ r e c t a n g u l a r   c r o s s - s e c t i o n a l  

s h a p e ,   a t   l e a s t .  o n e   m i c r o   d i s p l a c e m e n t   m e t e r   11  may  b e  

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

c a s i n g   9  of   t h e   m o l d   2,  and   when  t h e   mo ld   2  h a s   a  c i r c u l a r  

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

one   m i c r o   d i s p l a c e m e n t   m e t e r   1 1  o n   t h e   c i r c u m f e r e n c e   o f  

t h e   c a s i n g   9.  When  a  p l u r a l i t y   of   m i c r o   d i s p l a c e m e n t  

m e t e r s   11  a r e   u s e d ,   a  b r e a k a g e   o f   t h e   s o l i d i f i e d   s h e l l   o f  

t h e   c a s t   m e t a l   s t r a n d   i s   m o n i t o r e d   as  d e s c r i b e d   a b o v e   b y  

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

t h e   i n d i v i d u a l   m i c r o   d i s p l a c e m e n t   m e t e r s   1 1 .  

Now,  a n o t h e r   e m b o d i m e n t   ( h e r e i n a f t e r   r e f e r r e d   t o  

as  t h e   " s e c o n d   e m b o d i m e n t " )   o f   t h e   m e t h o d   o f   t h e   p r e s e n t  

i n v e n t i o n   i s   d e s c r i b e d   b e l o w .   F i g .   6  i s   a  s c h e m a t i c   d e s - -  

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

of   t h e   m e t h o d   o f   t h e   p r e s e n t   i n v e n t i o n .   In   F i g .   6,  2  i s  

a  m o l d   h a v i n g   a  c a s i n g   9,  h o r i z o n t a l l y   f i t t e d   to   an  o p e n i n g  

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

( n o t   shown)   f o r   c o n t a i n i n g   a  m o l t e n   m e t a l .   A  s p a c e   12  

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

2  i s   f o r m e d   b e t w e e n   t h e   m o l d   2  and   t h e   c a s i n g   9 .  



In  F i g .   6,  3  i s   a  f e e d   n o z z l e   h o r i z o n t a l l y   f i t t e d  

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

w a l l   of   t h e   t u n d i s h   ( n o t   s h o w n ) ,   and  4  i s   a  b r e a k   r i n g  

h o r i z o n t a l l y   f i x e d   b e t w e e n   an  end  of   t h e   f e e d   n o z z l e   3 

and  t h e   i n l e t   of   t h e   mo ld   2.  The  o u t e r   p e r i p h e r y   of  t h e  

end  of   t h e   f e e d   n o z z l e   3  in  c o n t a c t   w i t h   t h e   b r e a k   r i n g   4 

has   an  i n c l i n e d   f a c e   e x t e n d i n g   t o w a r d   o u t s i d e .   The  o u t e r  

p e r i p h e r y   of  an  end  of   t h e   b r e a k   r i n g   4  in   c o n t a c t   w i t h  

t h e   mold   2  has   an  i n c l i n e d   f a c e   d i r e c t e d   t o w a r d   i n s i d e .  

The  b r e a k   r i n g   4  e n g a g e s   w i t h   t h e   i n s i d e   of   t h e   i n l e t   o f  

t h e   mold   2  h a v i n g   an  i n c l i n e d   f a c e   m a t c h i n g   w i t h   t h e  

i n c l i n e d   f a c e   of  t h e   b r e a k   r i n g   4 .  

A l s o   in   F i g .   6,  8  i s   an  a n n u l a r _ c l a m p i n g   p l a t e  

h a v i n g   a  b o r e   a t   t h e   c e n t e r   t h e r e o f ,   m a t c h i n g   w i t h   t h e  

i n c l i n e d   f a c e   of   t h e   f e e d   n o z z l e   3,  and  t h e   i n c l i n e d   f a c e  

of   t h e   f e e d   n o z z l e   3  e n g a g e d   w i t h   t h e   b o r e   of  t h e   c l a m p i n g  

p l a t e   8.  The  mo ld   3  h a s   a  f l ange   2b  a t   t h e   i n l e t   t h e r e o f ,  

and  t h e   c a s i n g   9  has   a l s o   a  f l a n g e   9a.   The  f l a n g e   9a  o f  

t h e   c a s i n g   9  i s   f i x e d   to   t h e   f l a n g e   2b  of   t h e   mo ld   2 .  

The  f l a n g e   9a  o f   t h e   c a s i n g   9  i s   s e c u r e d   to   t h e  

c l a m p i n g   p l a t e   8  by  m e a n s   of   a  p l u r a l   s e t s   of   a  t i g h t e n i n g  

rod   5  and  a  n u t   7  p a s s i n g   t h r o u g h   a  p l u r a l i t y   of   t h r o u g h -  

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

c l a m p i n g  p l a t e   8  and  t h e   f l a n g e   9a  of  t h e   c a s i n g   9.  A 

s p r i n g   6  i s   p r o v i d e d   a t   an  end  of  e a c h   of  t h e   t i g h t e n i n g  



r o d s   5 .  

By  t i g h t e n i n g   t h e   n u t s   7,  t h e r e f o r e ,   t h e   c a s i n g  

9,  t h e   m o l d   2,  t h e   b r e a k   r i n g   4,  and   t h e   f e e d   n o z z l e   3 

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

i n t e r m e d i a r y   o f   t h e   p l u r a l i t y   of   t i g h t e n i n g   r o d s   5  a n d  

t h e   p l u r a l i t y   o f   s p r i n g s   6 .  

In   F i g .   6,  14  i s   a t   l e a s t   one   s t r a i n   g a u g e   f o r  

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

o f   t i g h t e n i n g   r o d s   5.  The  a t   l e a s t   one   s t r a i n   g a u g e   1 4  

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

t i g h t e n i n g   r o d s   5  a t   a  p o s i t i o n   b e t w e e n   t h e   c l a m p i n g  

p l a t e   8  and   t h e   f l a n g e   9a  o f   t h e   c a s i n g   9  o f   t h e   m o l d   2 .  

In   t h e   s e c o n d   e m b o d i m e n t   shown  in   F i g .   6,  a  b r e a k a g e  

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

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

a t   l e a s t   one   t i g h t e n i n g   r o d   5  by  m e a n s   of   t h e   a t   l e a s t   o n e  

s t r a i n   g a u g e   14  w h i l e   w i t h d r a w i n g   t h e   c a s t   m e t a l   s t r a n d  

f r o m   t h e   m o l d   2  by  a  p l u r a l i t y   o f   c y c l e s   e a c h   c o m p r i s i n g  

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

t h e   a t   l e a s t   one   t i g h t e n i n g   r o d   5  as  f u n c t i o n s   o f   t h e  

s t r a i n   v a l u e s   o f   t h e   m o l d   2,  i . e . ,   as  f u n c t i o n s   o f   t h e  

t e m p e r a t u r e   v a l u e s   o f   t h e   m o l d   2;  and  d e e m i n g   a  s u d d e n  

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

t i g h t e n i n g   r o d   5  as  r e p r e s e n t i n g   t h e   o c c u r r e n c e   o f   a  



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

in  t h e   mo ld   2 .  

In  t h e   s e c o n d   e m b o d i m e n t   shown  in   F i g .   6,  t h e  

r e a s o n   why  t h e   m e a s u r e d   s t r a i n   v a l u e   of   a t   l e a s t   o n e  

t i g h t e n i n g   r o d   5  can   be  u s e d - a s   a  f u n c t i o n   o f   t h e   s t r a i n  

v a l u e   of   t h e   mo ld   2  i s   as  f o l l o w s :   The  o c c u r r e n c e   o f   a  

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

in  t h e   mo ld   2  c a u s e s   a  s u d d e n   d e c r e a s e   in   t h e   t e m p e r a t u r e  

of  t h e   mold   2  as  d e s c r i b e d   a b o v e ,   r e s u l t i n g   i n   s u d d e n  

s h r i n k a g e   o f - t h e   mold   2,  and  t h e   b r e a k   r i n g   4,  t h e   f e e d  

n o z z l e   3  and  t h e   c l a m p i n g   p l a t e   8  d i s p l a c e   t o w a r d   t h e  

t u n d i s h   1.  As  a  r e s u l t ,   t h e   s t r a i n   v a l u e   o f   t h e   a t   l e a s t  

one  t i g h t e n i n g   r o d   5  c h a n g e s   s u d d e n l y .   T h e r e   i s   a  v e r y  

c l o s e   c o r r e l a t i o n ,   as  shown  in  F i g .   7,  among  t h e   o c c u r r e n c e  

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

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

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

one  t i g h t e n i n g   r o d   5.  I t   i s   t h e r e f o r e   p o s s i b l e   t o   m o n i t o r  

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

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

v a l u e   of   a t   l e a s t   one  t i g h t e n i n g   rod   5 .  

F i g .   7  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n   a m o n g  

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

t h e   s t r a i n   v a l u e s   of   a t   l e a s t   one  t i g h t e n i n g   r o d   a s  

m e a s u r e d   in  a c c o r d a n c e   w i t h   t he   s e c o n d   e m b o d i m e n t   of   t h e  



m e t h o d   o f   t h e   p r e s e n t   i n v e n t i o n ,   and  t h e   t e m p e r a t u r e  

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

in   F i g .   7,  when   a  c a s t   m e t a l   s t r a n d   i s   s t a b l y   w i t h d r a w n  

f r o m   t h e   m o l d   2  by  a  p l u r a l i t y   o f   c y c l e s   e a c h   c o m p r i s i n g  

a  p u l l   and   a  p u s h ,   t h e   m e a s u r e d   t e m p e r a t u r e   v a l u e s   o f   t h e  

m o l d   2  and  t h e   m e a s u r e d   s t r a i n   v a l u e s   o f   a t   l e a s t   o n e  

t i g h t e n i n g   r o d  5   p r o p o r t i o n a l l y   v a r y   w i t h i n   a  c e r t a i n  

r a n g e   in   a g r e e m e n t   w i t h   t h e   a b o v e - m e n t i o n e d   c y c l e s .   When 

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

in   t h e   m o l d   2,  on  t h e   o t h e r   h a n d ,   t h e   m e a s u r e d   t e m p e r a t u r e  

v a l u e s   o f   t h e   m o l d   2  s u d d e n l y   d e c r e a s e ,   and   in   a g r e e m e n t  

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

m e a s u r e d   s t r a i n   v a l u e s   of   a t   l e a s t   one   t i g h t e n i n g   r o d   5 

a l s o   show  a  s u d d e n   c h a n g e .  

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

v a l u e s   o f   a t   l e a s t   one   t i g h t e n i n g   r o d   5  w h i l e   w i t h d r a w i n g  

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

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

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

m e t a l   s t r a n d   in   t h e   mo ld   2  by  d e e m i n g   a  s u d d e n   c h a n g e   i n  

t h e   m e a s u r e d   s t r a i n   v a l u e s   of   a t   l e a s t   one   t i g h t e n i n g  

r o d   5  as  r e p r e s e n t i n g   t h e   o c c u r r e n c e   o f   a  b r e a k a g e   of   t h e  

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

of   s t r a i n   g a u g e s   14  a r e   u s e d ,   a  b r e a k a g e   o f   t h e   s o l i d i f i e d  

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



a b o v e   by  m e a n s   of  t h e   a v e r a g e   v a l u e   o v e r   t h e   v a l u e s   m e a s u r e d  

b y  t h e  i n d i v i d u a l   s t r a i n   g a u g e s   1 4 .  

Now,  a  f u r t h e r   a n o t h e r   e m b o d i m e n t   ( h e r e i n a f t e r  

r e f e r r e d   t o   as  t h e   " t h i r d   e m b o d i m e n t " )   of   t h e   m e t h o d   o f  

t h e   p r e s e n t   i n v e n t i o n   i s   d e s c r i b e d   b e l o w .   In  t h e   t h i r d  

e m b o d i m e n t   of   t h e   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 ,   a s  

shown  a l s o   in   F i g .   6,  a  s l e e v e   13  i s   f i t t e d   to   a t   l e a s t  

one  t i g h t e n i n g   r o d   5  a t   a  p o s i t i o n   b e t w e e n   t h e   f l a n g e   9 a  

of   t he   c a s i n g   9  and  t h e   s p r i n g   6,  and  a t   l e a s t   one   s t r a i n  

g a u g e   14  i s   a t t a c h e d   o n t o   t h e  s u r f a c e   of   t h e   s l e e v e   1 3 .  

The  s t r a i n   v a l u e s   of   t h e   s l e e v e   13  a r e   c o n t i n u o u s l y  

m e a s u r e d   w i t h   a t   l e a s t   one  s t r a i n   g a u g e   14,   and   a  b r e a k a g e  

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

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

13  as  f u n c t i o n s   of   t h e   s t r a i n   v a l u e s   of   a t   l e a s t   o n e  

t i g h t e n i n g   r o d   5,  i . e . ,   as  f u n c t i o n s   of   t h e   t e m p e r a t u r e  

v a l u e s   o f   t h e   mold   2,  and  d e e m i n g   a  s u d d e n   c h a n g e   in   t h e  

m e a s u r e d   s t r a i n   v a l u e s   of   t h e   s l e e v e   13  as  r e p r e s e n t i n g  

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

t he   c a s t   m e t a l   s t r a n d   in   t h e   m o l d  2 .  

In  t h e   t h i r d   e m b o d i m e n t   shown  in   F i g .   6,  t h e  

r e a s o n   why  t h e   m e a s u r e d   s t r a i n   v a l u e   of   t h e   s l e e v e   13  c a n  

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

one  t i g h t e n i n g   rod   5  i s   as  f o l l o w s :   When  a  b r e a k a g e   o f  

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



t h e   m o l d   2,  t h e   s t r a i n   v a l u e   of   t h e   a t   l e a s t   one  t i g h t e n -  

i n g   r o d   5  shows   a  s u d d e n   c h a n g e   a s  d e s c r i b e d  a b o v e ;  a n d  

a t   t h e   same  t i m e ,   t h e r e   i s   a  s u d d e n   s h r i n k a g e   of   t h e   s l e e v e  

13 .   T h e r e   i s   a  v e r y   c l o s e   c o r r e l a t i o n ,   a s  s h o w n   in   F i g .  

7,  among  t h e   s h r i n k a g e   o f   t h e   s o l i d i f i e d   s h e l l   o f   t h e   c a s t  

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

t h e   m o l d   2,  and  t h e   s u d d e n   s h r i n k a g e   of   t h e   s l e e v e   1 3 .  

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

t h e   s l e e v e   13  e n g a g i n g   w i t h   t h e   a t   l e a s t   one   t i g h t e n i n g  

r o d   5,  t h e r e f o r e ,   i t   i s   p o s s i b l e   to   m o n i t o r   a  b r e a k a g e   o f  

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

The  t e m p e r a t u r e   of   a t   l e a s t   one   t i g h t e n i n g   rod   5 

and   t h e   s l e e v e   13  e n g a g i n g   w i t h   a t   l e a s t   one   t i g h t e n i n g  

r o d   5  i n c r e a s e s   u n d e r   t h e   e f f e c t   of   t h e   h e a t   of   t h e   c a s t  

m e t a l   s t r a n d   i n   t h e   m o l d   2,  and  t h i s   i n c r e a s e   in   t e m p e r a -  

t u r e   i s   o f   t h e   o r d e r   of   150°C   on  t h e   maximum  a c c o r d i n g   t o  

t h e   r e s u l t s   of   a c t u a l   m e a s u r e m e n t s .   T h e r e f o r e ,   a  c o m m e r -  

c i a l l y   a v a i l a b l e   h i g h - t e m p e r a t u r e   s t r a i n   g a u g e   ( c a p a b l e  

of   m e a s u r i n g   t e m p e r a t u r e s   o f   up  to   a b o u t   400°C)   may  b e  

u s e d   as  t h e   a t   l e a s t   one   s t r a i n   g a u g e   to   be  a t t a c h e d   t o  

a t   l e a s t   one   t i g h t e n i n g   r o d   5  or   t o   t h e   s l e e v e   13 ,   and  i f  

t h e   a t   l e a s t   one   t i g h t e n i n g   rod   5  o r   t h e   s l e e v e   13  i s   a i r -  

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

g a u g e   may  be  e m p l o y e d .  

The  n u m b e r   o f   s t r a i n   g a u g e s   14,   f o r   m e a s u r i n g   t h e  



s t r a i n   v a l u e   of  t h e   t i g h t e n i n g   rod   5,  to   be  a t t a c h e d   t o  

a t  l e a s t  o n e  t i g h t e n i n g   rod   5  d e p e n d s   upon   t h e   d i a m e t e r  

and  t h e   l e n g t h   of   t h e   t i g h t e n i n g   r o d   5.  The  n u m b e r   o f  

s t r a i n   g a u g e s   14,   f o r   m e a s u r i n g   t h e   s t r a i n   v a l u e   o f   t h e  

s l e e v e   13,  to   be  a t t a c h e d   t o  t h e   a l e e v e   13  e n g a g i n g   w i t h  

a t   l e a s t   one  t i g h t e n i n g   rod   5,  d e p e n d s   u p o n   t h e   d i a m e t e r  

and  t h e   l e n g t h   of   t h e   s l e e v e   1 3 .  

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

rod   5  or   t h e   s l e e v e   13  i s   w i t h i n   t h e   r a n g e   of   e l a s t i c i t y  

l i m i t   of  t h e   a t   l e a s t   o n e  t i g h t e n i n g   r o d   5  o r   t h e   s l e e v e  

13.  I t   i s   t h e r e f o r e   p o s s i b l e   to  c o n t i n u o u s l y   m e a s u r e   t h e  

s t r a i n   v a l u e   p r o d u c e d   in  t he   a t   l e a s t   one   t i g h t e n i n g   r o d  

5  o r   t h e   s l e e v e   13  w i t h   a t   l e a s t   one  s t r a i n   g a u g e   14  

a t t a c h e d   to   one  t i g h t e n i n g   rod   5  or   t h e   s l e e v e   13.   When  

a  p l u r a l i t y   of   s t r a i n   g a u g e s   14  a r e   u s e d ,   t h e   o c c u r r e n c e  

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

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

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

i n d i v i d u a l   s t r a i n   g a u g e s .  

Now,  t h e   m e t h o d   o f  t h e   p r e s e n t   i n v e n t i o n   i s   d e s -  

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

E x a m p l e   1 

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

of  o r d i n a r y   s t e e l  h a v i n g  s i d e s   of  115  mm  e a c h   and  a  



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

when  h o r i z o n t a l l y   w i t h d r a w i n g  t h e  c a s t  s t r a n d  i n t e r m i t  
INTERMIT 

t e n t l y   and   c o n t i n u o u s l y   f r o m   t h e   mo ld   o f   a  h o r i z o n t a l   t y p e  

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

w i t h   t h e   f i r s t   e m b o d i m e n t   o f   t h e   m e t h o d   o f   t h e   p r e s e n t  

i n v e n t i o n   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   to   F i g .   4,  b y  

c o n t i n u o u s l y   m e a s u r i n g   s t r a i n   v a l u e s   o f   t h e   m o l d   2 .  

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

was  e m p l o y e d   as  t h e   m i c r o   d i s p l a c e m e n t   m e t e r   11  f o r   m e a s u r -  

i n g   t h e   s t r a i n   v a l u e s   o f   t h e  m o l d  2 .   The  d i f f e r e n t i a l  

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

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

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

p u l l   a n d   a  p u s h   s t a r t i n g   f r o m   t h e   i n l e t   o f   t h e   m o l d   2 ,  

and  s e c u r e d   t o   t h e   c a s i n g   9  so  t h a t   t h e   p r o b e   l l a   c a m e  

i n t o   c o n t a c t   w i t h   t h e   o u t e r   s u r f a c e   2a  o f   a  s i d e   o f   t h e  

m o l d   2  a t   t h e   c e n t e r   t h e r e o f .   The  s t r a i n   v a l u e s   o f   t h e  

mold   2  w e r e   c o n t i n u o u s l y   m e a s u r e d   by  m e a n s   of   t h e   a b o v e -  

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

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

was  b u i l t   in   t h e   w a l l   o f   t h e   mo ld   2  n e a r   t h e   p o s i t i o n   a t  

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

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

t e m p e r a t u r e s   of   t h e   m o l d   2 .  

As  a  r e s u l t ,   i t   w a s  p o s s i b l e   to   c e r t a i n l y   m o n i t o r ,  



m e t e r   u s e d   f o r   m e a s u r i n g   t h e   s t r a i n   v a l u e s   of   t h e   mold   2 

was  s e c u r e d   t o   t h e   c a s i n g   9  of   t h e   m o l d   2,  i t   was  n o t  

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

t h e   m o l d   2,  and  no  p r o b l e m   was  p o s e d   r e g a r d i n g   t h e  

d u r a b i l i t y   t h e r e o f .  

E x a m p l e   2 

A  b r e a k a g e   of   a  s o l i d i f i e d   s h e l l   of   a  c a s t   s t r a n d  

of   o r d i n a r y   s t e e l   h a v i n g   s i d e s   o f   115  mm  e a c h   and  a  r e c -  

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

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

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

t i n u o u s   c a s t i n g   m a c h i n e   was  m o n i t o r e d   in   a c c o r d a n c e   w i t h  

t h e   s e c o n d   e m b o d i m e n t   o f   t h e   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   d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   to   F i g .   6,  by  c o n t i n u -  

o u s l y   m e a s u r i n g   s t r a i n   v a l u e s   of   t h e   t i g h t e n i n g   r o d s   5 .  

One  s t r a i n   g a u g e   14  was  a t t a c h e d   to   e a c h   of   f o u r  

t i g h t e n i n g   r o d s   5  f o r   s e c u r i n g   t h e   f l a n g e   9a  o f   t h e   c a s i n g  

9  to   t h e   c l a m p i n g   p l a t e   8.  The  s t r a i n   v a l u e s   o f   e a c h   o f  

t h e   f o u r   t i g h t e n i n g   r o d s   5  w e r e   c o n t i n u o u s l y   m e a s u r e d   w i t h  

t h e s e   s t r a i n   g a u g e s   14  to   d e r i v e   an  a v e r a g e   v a l u e .   R o d s  

h a v i n g   a  s t r a i n   s e n s i t i v i t y   of   2  x  1 0   a g a i n s t   a  l o d   o f  

1  t o n   w e r e   e m p l o y e d   as  t h e   f o u r   t i g h t e n i n g   r o d s   5.  F o r  

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

was  b u i l t   in  t h e   w a l l   of   t h e   mo ld   2  n e a r   t h e   p o s i t i o n   a t  



as  shown  in   F i g .   5,  t h e   o c c u r r e n c e   o f   a  b r e a k a g e   o f   t h e  

s o l i d i f i e d   s h e l l   o f   t h e   c a s t   s t r a n d   i n   t h e   m o l d   2  f r o m  

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

mold   2.  The  s u d d e n   c h a n g e   in   t h e   m e a s u r e d   s t r a i n   v a l u e s  

of  t h e   mo ld   2  c a u s e d   by  t h e   b r e a k a g e   of   t h e   s o l i d i f i e d  

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

v a l u e s   of  t h e   m o l d   2  as  m e a s u r e d   w i t h   t h e   t h e r m o c o u p l e .  

When  t h e   m e a s u r e d   s t r a i n   v a l u e s   o f   t h e   m o l d   2 

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

mold   2  was  t e m p o r a r i l y   d i s c o n t i n u e d   to   c o o l   and  s o l i d i f y  

m o l t e n   m e t a l   h a v i n g   p e n e t r a t e d   i n t o   t h e   b r o k e n   p o r t i o n  

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

b r o k e n   p o r t i o n .   T h e n ,   by  r e s u m i n g   t h e   w i t h d r a w a l   of   t h e  

c a s t   s t r a n d   f r o m   t h e   mo ld   2,  t h e   c a s t   s t r a n d   c o u l d   s u c c e s s -  

f u l l y   be  w i t h d r a w n   f r o m   t h e   mold   2  w i t h o u t  t h e   o c c u r r e n c e  

of   a  b r e a k o u t .  

In  t h i s   e x a m p l e ,   t h e   o c c u r r e n c e   o f   a  b r e a k a g e   o f  

t h e   s o l i d i f i e d   s h e l l   of   t h e   c a s t   s t r a n d   in   t h e   mo ld   2  w a s  

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

c a s t i n g   m o l t e n   s t e e l   in   a  q u a n t i t y   of   93  5 0 - t o n   l a d l e s ,  

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

of   t h e   c a s t   s t r a n d   c o u l d   be  p r o p e r l y   d e t e c t e d   a t   a  v e r y  

h i g h   a c c u r a c y .  

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



w h i c h   a  s o l i d i f i e d   s h e l l   was  to   be  f i r s t   f o r m e d   in   a c c o r -  

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

t e m p e r a t u r e s  o f   t h e   mo ld   2 .  

As  a  r e s u l t ,   i t   was  p o s s i b l e   to   c e r t a i n l y   m o n i t o r ,  

as  shown  in  F i g .   7,  t h e   o c c u r r e n c e   o f   a  b r e a k a g e   o f   t h e  

s o l i d i f i e d   s h e l l   of   t h e   c a s t   s t r a n d   in   t h e   mo ld   2  f r o m   a  

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

v a l u e s   of   t h e   f o u r   t i g h t e n i n g   r o d s   5.  The  s u d d e n   c h a n g e  

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

t h e   f o u r   t i g h t e n i n g   r o d s   5 '  c a u s e d   by  t h e   b r e a k a g e   of   t h e  

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

t e m p e r a t u r e   v a l u e s   of   t h e   m o l d   2  as  m e a s u r e d   w i t h   t h e  

t h e r m o c o u p l e .  

When  t h e   a v e r a g e   v a l u e   o v e r   t h e   m e a s u r e d   s t r a i n  

v a l u e s   of   t h e   f o u r   t i g h t e n i n g   r o d s   5  s u d d e n l y   c h a n g e d ,  

w i t h d r a w a l   of  t h e   c a s t   s t r a n d   f r o m   t h e   mo ld   2  was  t e m p o -  

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

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

s h e l l   of   t h e   c a s t   s t r a n d   to   w e l d   t h e   b r o k e n   p o r t i o n .   T h e n ,  

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

mold   2,  t h e   c a s t   s t r a n d   c o u l d   s u c c e s s f u l l y   be  w i t h d r a w n  

f r o m   t h e   mold   2  w i t h o u t   t h e   o c c u r r e n c e   of   a  b r e a k o u t .  

In  t h i s   e x a m p l e ,   t h e   o c c u r r e n c e   of  a  b r e a k a g e   o f  

t h e   s o l i d i f i e d   s h e l l   of   t h e   c a s t   s t r a n d   in  t h e   m o l d   2  w a s  



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

c a s t i n g   m o l t e n   s t e e l  i n  a  q u a n t i t y  o f   67  5 0 - t o n   l a d l e s ,  

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

of   t h e   c a s t   s t r a n d   c o u l d   be  p r o p e r l y   d e t e c t e d   a t   a  v e r y  of   t h e   c a s t   s t r a n d   c o u l d   be  p r o p e r l y   d e t e c t e d   a t   a  v e r y  

h i g h   a c c u r a c y .  

E x a m p l e   3 

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

of   o r d i n a r y   s t e e l   h a v i n g   s i d e s   of  115  mm  e a c h   and   a  r e c -  

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

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

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

t i n u o u s   c a s t i n g   m a c h i n e   was  m o n i t o r e d   in   a c c o r d a n c e   w i t h  

t h e   t h i r d   e m b o d i m e n t   o f   t h e   m e t h o d   o f   t h e   p r e s e n t   i n v e n t i o n  

d e s c r i b e d   a b o v e   w i t h   r e f e r e n c e   to   F i g .   6,  by  c o n t i n u o u s l y  

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

one  o f   t h e   t i g h t e n i n g   r o d s   5 .  

One  s t r a i n   g a u g e   14  was  a t t a c h e d   t o   t h e   s u r f a c e   o f  

t h e   m e t a l   s l e e v e   13  e n g a g i n g   w i t h   one  o f   t h e   f o u r   t i g h t e n -  

i n g   r o d s   5  f o r   s e c u r i n g   t h e   f l a n g e   9a  o f   t h e   c a s i n g   9  t o  

t h e   c l a m p i n g   p l a t e   8  a t   a  p o s i t i o n   b e t w e e n   t h e   f l a n g e   9 a  

o f   t h e   c a s i n g   9  and   t h e   s p r i n g   6.  The  s t r a i n   v a l u e s   o f  

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

g a u g e   14.  For   c o m p a r i s o n   p u r p o s e s ,   on  t h e   o t h e r   h a n d ,   a  

t h e r m o c o u p l e   was  b u i l t   i n - t h e   w a l l   o f   t h e   m o l d   2  n e a r   t h e  



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

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

t h e   t e m p e r a t u r e s   of  t h e   m o l d   2 .  

As  a  r e s u l t ,   i t   was  p o s s i b l e   to   c e r t a i n l y   m o n i t o r ,  

as  in   E x a m p l e   2,  t h e   o c c u r r e n c e   of   a  b r e a k a g e   o f   t h e  

s o l i d i f i e d   s h e l l   of   t h e   c a s t   s t r a n d   in  t h e   m o l d   2  f r o m   a  

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

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

t h e   s l e e v e   13  c a u s e d   by  t h e   b r e a k a g e   of   t h e   s o l i d i f i e d  

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

v a l u e s   of   t h e   mold   2  as  m e a s u r e d   w i t h   t h e   t h e r m o c o u p l e .  

S i n c e ,   in  E x a m p l e   3,  t h e   s t r a i n   g a u g e   14  w a s  

a t t a c h e d   to   t h e   s l e e v e   13  e n g a g i n g   w i t h   t h e   t i g h t e n i n g   r o d  

5,  r e p l a c e m e n t   of  t h e   t i g h t e n i n g   r o d s   5  c o u l d   be  e f f e c t e d  

w i t h o u t   r e g a r d   to  t h e   s t r a i n   g a u g e   14,   and  t h e   m e a s u r i n g  

s e n s i t i v i t y   c o u l d   a r b i t r a r i l y   s e t   by  a l t e r i n g   t h e   t h i c k -  

n e s s   or   t h e   l e n g t h   of  t h e   s l e e v e   1 3 .  

A c c o r d i n g   to   t h e   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 ,  

as  d e s c r i b e d   a b o v e   in   d e t a i l ,   i t   i s   p o s s i b l e   to   m o n i t o r  

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

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

w h i c h   may  o c c u r   when  h o r i z o n t a l l y   w i t h d r a w i n g   t h e   c a s t  

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

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



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

many  i n d u s t r i a l l y   u s e f u l   e f f e c t s .  



1.  A  m e t h o d   f o r   m o n i t o r i n g   a  b r e a k a g e   of   a  s o l i d i f i e d  

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

o c c u r   when  h o r i z o n t a l l y   w i t h d r a w i n g   s a i d   c a s t   s t r a n d  

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

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

mold   h a v i n g   an  o u t e r   s u r f a c e   and  h o r i z o n t a l l y   f i t t e d  

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

m e d i a r y   of   a  b r e a k   r i n g   to   a  f e e d   n o z z l e   h o r i z o n t a l l y  

f i t t e d   to   an  o p e n i n g   p r o v i d e d   a t   t h e   l o w e r   p o r t i o n   o f  

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

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

c o m p r i s e s :  

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

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

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

d e c r e a s e   in   s a i d   m e a s u r e d   t e m p e r a t u r e   as  r e p r e s e n t i n g  

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

of  s a i d   c a s t   s t r a n d   in   s a i d   mo ld   to   m o n i t o r   s a i d  

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

in  s a i d   m o l d ;  

c h a r a c t e r i z e d   b y :  

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

w h i l e   w i t h d r a w i n g   s a i d   c a s t   s t r a n d   f rom  s a i d   mold   b y  



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

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

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

and  d e e m i n g   a  s u d d e n   c h a n g e   i n   s a i d   m e a s u r e d   s t r a i n  

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

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

in   s a i d   m o l d   to   m o n i t o r   s a i d   b r e a k a g e   o f   s a i d   s o l i d i f i e d  

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

2.  The  m e t h o d   as  c l a i m e d   in   C l a i m   1,  c h a r a c t e r i z e d   b y :  

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

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

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

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

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

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

m e a s u r e   s a i d   s t r a i n   v a l u e s   of   s a i d   m o l d .  

3.  The  m e t h o d   as  c l a i m e d   in   C l a i m   2,  c h a r a c t e r i z e d   b y :  

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

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

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

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

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

s a i d   m o l d .  



4.  The  m e t h o d  a s   c l a i m e d   in   C l a i m   1,  c h a r a c t e r i z e d   b y :  

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

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

r o d s   to  c o n t i n u o u s l y   m e a s u r e   s t r a i n   v a l u e s   of  s a i d   a t  

l e a s t   one  of  s a i d   p l u r a l i t y   of  t i g h t e n i n g   r o d s ;   a n d  

u s i n g   t h e   t h u s   m e a s u r e d   s t r a i n   v a l u e s   of   s a i d   a t  

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

f u n c t i o n s   of  s a i d   s t r a i n   v a l u e s   of  s a i d   m o l d ,   a n d  

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

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

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

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

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

s a i d   c a s t   s t r a n d   in   s a i d   m o l d .  

5.  The  m e t h o d   as  c l a i m e d   in   C l a i m   4,  c h a r a c t e r i z e d   b y :  

f i t t i n g   a  s l e e v e   to   a t   l e a s t   one  of   s a i d   p l u r a l i t y  

of  t i g h t e n i n g   r o d s ;  

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

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

v a l u e s   of  s a i d   s l e e v e ;   a n d  

u s i n g   t h e   t h u s   m e a s u r e d   s t r a i n   v a l u e s   of   s a i d  

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



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

d e e m i n g   a  s u d d e n   c h a n g e   i n   s a i d   m e a s u r e d   s t r a i n   v a l u e s  

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

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

in   s a i d   m o l d   t o   m o n i t o r   s a i d   b r e a k a g e   o f   s a i d   s o l i d i f i e d  

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