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©  RADIATION  CONSTRUCTION  METHOD  FOR  MOLTEN  METAL  OUTFLOW  PORT,  ITS  APPARATUS  AND 

RECESS  RADIATING  IMPELLER  USED  FOR  SAID  APPARATUS. 

^ ? ©   This  invention  relates  to  a  method  of  construct- 
i n g   and  shaping  a  converter  steel  tapping  port  incor- 

porating  therein  a  refractory  material  and  a  molten 
®  metal  outflow  port  of  a  vacuum  degassing  furnace, 
Q.etc,  or  method  of  repairing  the  breakage  of  said 
UJ  ports,  to  an  apparatus  for  the  method  and  to  an 

impeller  used  for  the  apparatus.  A  material  trans- 
ferred  via  a  material  feed  pipe  from  the  downstream 

side  of  an  impeller  driven  tor  rotation  is  aiscnargea 
and  caused  to  impinge  against  the  impeller  rotating 
at  a  high  speed  so  that  the  material  can  be  radiated 
in  a  circumferential  direction  and  a  compact  refrac- 
tory  layer  or  a  repair  layer  can  be  formed.  Further- 
more,  partial  repair  can  be  made  by  supplying  ec- 
centrically  the  radiation  material  from  the  material 
feed  pipe,  and  shaping  of  the  molten  metal  outflow 
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port  can  be  made  by  fitting  a  cutter  to  the  impeller. 
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D E S C K 1 F T 1 U N  

'ROJECTING  CONSTRUCTION  METHOD  AND  APPARATUS  FOR  MOLTEN-METAL-DISCHARGING 

[OLE  AND  PROJECTION  IMPELLER  FOR  CONCAVE  SECTION  USED  IN  SAID  APPARATUS 

'echnica l   F i e l d  

The  p resen t   i nven t ion   r e l a t e s   to  the  p r o j e c t i n g   c o n s t r u c t i o n  

lethod  and  appara tus   for  m o l t e n - m e t a l - d i s c h a r g i n g   hole  of  c o n v e r t e r  

:aphole,   vacuum  degass ing   furnace ,   e t c . ,   and  a  p r o j e c t i o n   i m p e l l e r  

for  concave  s ec t ion   used  in  said  appa ra tu s ;   having  a p p l i c a t i o n s   f o r  

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

oy  p r o j e c t i o n .  

Background  Ar t  

For  example,  the  ins ide   wall  of  c o n v e r t e r   t aphole   which  is  one 

of  the  examples  of  m o l t e n - m e t a l - d i s c h a r g i n g   hole  is  l ined  with  r e f r a c t o r y  

ma te r i a l   and,  in  p r o p o r t i o n   to  the  use,  th i s   r e f r a c t o r y   ma te r i a l   g e t s  

damage  or  becomes  worn-out  and  r e q u i r e s   r e p a i r .   As  a  method  o f  

r e p a i r i n g   th is   damage  or  wear  in  hot  s t a t e ,   there   have  been  t e c h n i q u e s  

such  as  p r e s s i n g   i n j e c t i o n   r e p a i r i n g   method,  spray  r e p a i r i n g   method,  and 

p r o j e c t i o n   r e p a i r i n g   method.  

Above-said  p r e s s i n g   i n j e c t i o n   r e p a i r i n g   method  is  a  t e c h n i q u e  

to  f i l l   a  cy l inde r   with  f lowable   r e p a i r i n g   m a t e r i a l   and  to  push  it  o u t  

by  p i s ton ,   showing  t h e r e f o r e   a  poor  ra te   in  the  adhes ion  of  r e p a i r i n g  

ma te r i a l   onto  a  conica l   ly -worn-ou t   s ec t i on   (  also  c a l l e d   a  b e l l - s h a p e d  

worn-out  s ec t ion )   on  the  ins ide   wall  of  a b o v e - s a i d   conver t e r   t a p h o l e  



EP  0  357  795  A1 

and,  even  if  the  r e p a i r i n g   ma te r i a l   adheres  onto  said  s ec t i on ,   no  f i n e  

nor  good  s t r u c t u r e   has  been  formed  at  the  r e p a i r e d   s e c t i o n .  

Above-said  spray  r e p a i r i n g   method  is  a  t echnique   to  s p r a y  

r e p a i r i n g   ma te r i a l   through  the  spray ing   nozzle   of  a  spray ing   lance  on to  

a  s ec t i on   to  be  r e p a i r e d   by  means  of  compressed  air   and,  as  a  r e s u l t ,  

there   has  been  a  problem  that   the  e f f e c t   in  adhesion  of  the  r e p a i r i n g  

m a t e r i a l   is  poor  and  the  s t r u c t u r e   of  r e p a i r e d   s e c t i o n   is  also  poor  due 

to  the  i n f luence   of  the  compressed  air   to  t r a n s f e r   the  r e p a i r i n g  

ma te r i a l   if  an  enough  d i s t a n c e   is  not  secured  between  said  s p r a y i n g  

nozzle   and  the  ins ide   wall  of  the  conve r t e r   t a p h o l e .  

In  the  case  of  above - sa id   spray  r e p a i r i n g   method,  there  has  

been  another   problem  that   it  becomes  imposs ib le   to  perform  s p r a y i n g  

onto  the  conical   ly -worn-ou t   s ec t ion   10  ins ide   the  conve r t e r   t a p h o l e  

shown  in  Fig.  11  due  to  the  c logging   of  r e p a i r i n g   m a t e r i a l   at  the  b e n t  

s e c t i o n   between  the  spray ing   lance  12  and  the  sp ray ing   nozzle  11,  i f  

the  spraying   nozzle  11  is  a t t a c h e d   to  the  sp ray ing   lance  12  with  such  

angle  that   the  r e p a i r i n g   ma te r i a l   may  sprayed  with  an  acute  angle  (  8 

is  smal ler   than  90  d e g r e e ) .  

Fur ther ,   in  the  case  of  above - sa id   p r o j e c t i o n   r e p a i r i n g   method, 

it  is  p o s s i b l e   to  r epa i r   above - sa id   c o n v e r t e r   t aphole   by  use  of  an 

appa ra tus   for  r e p a i r i n g   a  molten  metal  degass ing   equipment  r e g i s t e r e d  

as  Japanese  U t i l i t y   Model  No.  1432690  (  p u b l i s h e d   in  the  gaze t t e   of  t h e  

second  p u b l i c a t i o n   No.  56-32513)  and,  as  shown  in  Fig.  12,  the  r e p a i r i n g  

appara tus   17  pub l i shed   in  above - sa id   g a z e t t e   is  p rovided   with  a  r o t a t i n g  

tube  19a  and  a  v e r t i c a l   tube  19  connected  to  said  r o t a t i n g   tube  19a  a t  
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the  bottom  center   of  the  r o t a t i n g   impe l l e r   18,  wherein  the  r e f r a c t o r y  

m a t e r i a l   supp l ied   via  said  v e r t i c a l   tube  19  is  e j e c t e d   through  t h e  

p e r i p h e r y   of  the  impel le r   18. 

However,  in  the  case  of  a b o v e - s a i d   appa ra tus   17  for  r e p a i r i n g  

a  molten  metal  degass ing   equipment,  there   has  been  a  problem  that   t h e  

r e f r a c t o r y   ma te r i a l   is  d i s cha rged   only  by  the  c e n t r i f u g a l   force  which 

is  gene ra t ed   accompanying  the  r o t a t i o n   of  the  impe l l e r   and,  as  a  r e s u l t ,  

enough  d i s p e r s i n g   speed  can  not  be  ob ta ined ,   because  the  r e f r a c t o r y  

ma te r i a l   is  supp l ied   from  the  c e n t r a l   v e r t i c a l   tube  19  to  the  r o t a t i n g  

tube  19a  connected  to  the  center   s e c t i o n   of  the  i m p e l l e r .  

And,  there  has  been  another   problem  that   it  is  imposs ib le   t o  

obta in   a  w e l l - l i n e d   layer  at  a  conica l   l y -worn-ou t   s ec t i on   with  s l o p e  

because  the  r e f r a c t o r y   ma te r i a l   is  d i s p e r s e d   only  in  the  d i r e c t i o n  

p e r p e n d i c u l a r   to  the  impel le r   and  t h e r e f o r e   it  is  d i f f i c u l t   to  d i s p e r s e  

the  r e f r a c t o r y   ma te r i a l   p e r p e n d i c u l a r l y   onto  the  s loped  conical   l y - w o r n -  

out  s e c t i o n .  

Fur ther ,   there   has  been  a  problem  tha t   the  r e f r a c t o r y   m a t e r i a l  

is  d i s p e r s e d   evenly  only  in  the  r ad ia l   d i r e c t i o n ,   and  it  is  d i f f i c u l t   t o  

e j e c t e d   the  r e f r a c t o r y   ma te r i a l   in  a  l im i t ed   d i r e c t i o n   and,  t h e r e f o r e ,  

it  is  d i f f i c u l t   to  r epa i r   e f f i c i e n t l y   a  worn-out  s e c t i o n   genera ted   o n l y  

in  a  l imi ted   d i r e c t i o n   of  a  conve r t e r   t aphole   and,  moreover,  in  the  c a s e  

of  said  appara tus   17  for  r e p a i r i n g   molten  metal  degass ing   equ ipment  

pub l i shed   in  the  g a z e t t e ,   the  r e p a i r i n g   f u n c t i o n   is  lost   due  to  t h e  

c logging  of  the  ma te r i a l   at  the  j o i n t   s e c t i o n   between  the  r o t a t i n g   t u b e  

19a  and  the  impel ler   18. 
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The  p r e sen t   i nven t ion   has  been  made  in  view  of  a b o v e - s a i d  

c i r cums tances   and,  a c c o r d i n g l y ,   it  is  an  ob jec t   of  t h i s   inven t ion   t o  

provide  p r o j e c t i n g   c o n s t r u c t i o n   method  and  appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  and  a  p r o j e c t i o n   impel le r   for  concave  s ec t ion   u s e d  

in  said  appara tus   for  p r o j e c t i n g   the  p r o j e c t i o n   m a t e r i a l   onto  a  concave  

s e c t i o n ,   wherein,  it  is  p o s s i b l e   to  i nc rease   the  m a t e r i a l - p r o j e c t i n g  

speed  so  as  to  improve  the  adher ing   force  of  the  m a t e r i a l   and,  as  t h e  

case  may  be,  it  is  also  p o s s i b l e   to  p r o j e c t   the  p r o j e c t i o n   m a t e r i a l  

(  i nc lud ing   r e f r a c t o r y   and  other  r e p a i r i n g   m a t e r i a l s   )  in  the  l i m i t e d  

d i r e c t i o n   to  enable  an  e f f e c t i v e   r epa i r   on  a  m o l t e n - m e t a l - d i s c h a r g i n g  

hole  having  an  e c c e n t r i c   or  a  p a r t i a l   wear,  and  it  is  f u r t h e r   p o s s i b l e  

to  perform  a  c o n s t r u c t i o n   with  h i g h - a d h e s i o n   and  f ine  s t r u c t u r e   a t  

a  conica l   ly -worn-ou t   s ec t i on   (  a  concave  s e c t i o n   of  a  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  )  gene ra t ed   on  the  ins ide   wall  of  a  conve r t e r   t a p h o l e .  

D i s c l o s u r e   of  I n v e n t i o n  

The  p r o j e c t i n g   c o n s t r u c t i o n   method  for  m o l t e n - m e t a l - d i s c h a r g i n g  

hole  r e l a t i n g   to  the  p re sen t   i nven t ion   with  the  ob jec t   mentioned  above 

comprises  the  s teps  of  :  i n s e r t i n g   an  impe l le r   connected   to  a  r o t a t i n g  

power  source  to  move  the  impel le r   forward  and  backward  in  a  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole,  d i s p o s i n g   before   said  impe l le r   a  m a t e r i a l - s u p p l y i n g  

pipe  for  supplying  p r o j e c t i o n   ma te r i a l   to  the  impe l le r   by  air  or  a 

pump,  and  p r o j e c t i n g   the  p r o j e c t i o n   ma te r i a l   e j e c t e d   from  said  m a t e r i a l -  

supply ing   pipe  onto  a  concave  s ec t ion   of  m o l t e n - m e t a l - d i s c h a r g i n g   h o l e  

while  changing  the  d i r e c t i o n   of  the  m a t e r i a l   by  said  i m p e l l e r .  

4 
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By  the  method  of  th i s   i nven t ion ,   it  is  p o s s i b l e   to  have  t h e  

p r o j e c t i o n   ma te r i a l   which  is  e j e c t e d   out  of  the  m a t e r i a l - s u p p l y i n g   p i p e  

p ro jec ted   by  the  impel le r   near  the  p e r i p h e r y   of  the  impel le r   and,  by 

i n c r e a s i n g   the  r o t a t i n g   speed  of  the  impe l l e r ,   a  h i g h - s p e e d   p r o j e c t i o n  

3f  the  ma te r i a l   becomes  p o s s i b l e   and,  as  a  r e s u l t ,   f ine  c o n s t r u c t e d  

layer  can  be  ob ta ined   and,  in  case  of  t r a n s f e r r i n g   the  p r o j e c t i o n  

n a t e r i a l   by  a i r ,   it  is  also  p o s s i b l e   to  vent  said  air   through  the  s p a c e  

between  the  vanes  of  the  impel le r   and,  by  th i s   p rocess ,   the  p r o j e c t i o n  

mate r ia l   and  the  t r a n s f e r r i n g   air  can  be  s e p a r a t e d .  

Then,  the  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  r e l a t i n g   to  the  f i r s t   i nven t ion   to  embody  a b o v e - s a i d  

method  comprises  an  impel le r   which  is  connected  to  a  r o t a t i n g   shaf t ,   a 

s t a t i o n a r y   m a t e r i a l - s u p p l y i n g   pipe  d isposed   before   said  impel ler   and 

has  a  r i ng - shaped   port  through  which  the  t r a n s f e r r e d   p r o j e c t i o n   m a t e r i a l  

is  e j e c t e d ,   and  a  device  to  move  the  pipe  and  impe l l e r   forward  and 

backward  ins ide   the  m o l t e n - m e t a l - d i s c h a r g i n g   hole  to  be  c o n s t r u c t e d .  

And,  the  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  r e l a t i n g   to  the  second  i nven t ion   embodying  a b o v e - s a i d  

method  comprises  an  impel le r   which  is  connected  to  a  r o t a t i n g   s h a f t ,  

and  m a t e r i a l - s u p p l y i n g   pipes  composed  with  two  or  more  pipes  which  a r e  

d isposed   around  said  r o t a t i n g   shaf t   and  e j ec t   the  t r a n s f e r r e d   m a t e r i a l  

through  the  por ts   d isposed  before   said  impe l l e r ,   and  a  device  to  move 

the  pipe  and  impel ler   forward  and  backward  i n s ide   the  m o l t e n - m e t a l -  

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

In  the  case  of  the  p r o j e c t i n g   c o n s t r u c t i o n   appara tus   f o r  

5 
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m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  f i r s t   or  second  i n v e n t i o n  

mentioned  above,  it  is  p o s s i b l e   to  form  a  concave  s ec t i on   before   t h e  

impel le r   so  that   the  top  end  s ec t i on   of  each  m a t e r i a l - s u p p l y i n g   p i p e  

may  come  in  said  concave  s e c t i o n   and,  as  a  r e s u l t ,   the  p r o j e c t i o n  

m a t e r i a l   is  su re ly   p r o j e c t e d   by  the  impel le r   up  to  the  pe r iphe ry   o f  

the  impel ler   in  the  radius   d i r e c t i o n   even  if  the  e j e c t i n g   speed  of  t h e  

p r o j e c t i o n   ma te r i a l   is  low. 

Fur ther ,   in  the  case  of  the  p r o j e c t i n g   c o n s t r u c t i o n   a p p a r a t u s  

for  m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  f i r s t   and  s econd  

i n v e n t i o n s   mentioned  above,  it  is  also  p o s s i b l e   to  provide  a  c u t t e r   a t  

the  forward  s ec t ion   of  the  impe l l e r ,   and  let  the  c u t t e r   r o t a t e   t o g e t h e r  

with  said  impel ler   and,  as  a  r e s u l t ,   it  is  p o s s i b l e   to  form  a 

c y l i n d r i c a l   m o l t e n - m e t a l - d i s c h a r g i n g   hole  by  c u t t i n g   off  the  convexes  

made  of  slag,  etc.  adhered  on  the  ins ide   wall  of  the  h o l e .  

In  a d d i t i o n ,   each  vane  of  the  impe l le r   used  in  the  p r o j e c t i n g  

c o n s t r u c t i o n   appara tus   for  m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   t o  

above-ment ioned  f i r s t   or  second  inven t ion   is  p o s s i b l e   to  be  a t t ached   t o  

the  r o t a t i n g   shaf t   with  a  s p e c i f i e d   t w i s t i n g   angle  to  the  r o t a t i n g   s h a f t  

so  that   the  p r o j e c t i o n   ma te r i a l   supp l i ed   through  the  m a t e r i a l - s u p p l y i n g  

pipe  may  be  p r o j e c t e d   backward  o b l i q u e l y .   Accord ingly ,   it  becomes 

p o s s i b l e   to  p r o j e c t   the  p r o j e c t i o n   ma te r i a l   nea r ly   at  a  r igh t   a n g l e  

to  a  conical   ly -worn-ou t   s e c t i o n   on  the  ins ide   wall  of  a  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole,  that   is,  the  concave  s ec t i on   gene ra t ed   on  the  m o l t e n -  

m e t a l - d i s c h a r g i n g   hole  and,  as  a  r e s u l t ,   it  becomes  p o s s i b l e   to  c o n s t r u c t  

a  l ined  layer  with  high  q u a l i t y .  

6 
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Brief  D e s c r i p t i o n   of  Drawings 

Fig.  1  is  a  side  view  showing  the  embodiment  of  the  p r o j e c t i n g  

c o n s t r u c t i o n   appara tus   for  m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   t o  

the  f i r s t   embodiment  of  the  p resen t   i nven t ion ,   Fig.  2  is  a  d i a g r a m m a t i c  

s e c t i o n a l   view  showing  above - sa id   appara tus   for  r e p a i r i n g   m o l t e n - m e t a l -  

d i s c h a r g i n g   hole,  Fig.  3  is  a  d iagrammatic   side  view  of  the  a p p a r a t u s  

for  r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  second  

embodiment  of  the  p resen t   i nven t ion ,   Fig.  4  is  a  d iagrammat ic   e n l a r g e d  

view  in  the  d i r e c t i o n   of  the  arrow  A  -  A  in  Fig.  3,  Fig.  5  is  a 

s e c t i o n a l   view  with  par t s   omit ted  of  the  major  components  of  a p p a r a t u s  

for  r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  t h i r d  

embodiment  of  the  p resen t   i nven t ion ,   Fig.  6  is  a  s e c t i o n a l   view  in  t h e  

d i r e c t i o n   of  the  arrow  B  -  B  in  Fig.  5,  Fig.  7  is  a  d i a g r a m m a t i c  

side  view  of  the  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  r e l a t i n g   to  the  four th   embodiment  of  the  p r e s e n t  

inven t ion ,   Fig.  8  is  a  f ront   view  of  a  c u t t e r   used  in  above - sa id   f o u r t h  

embodiment,  Fig.  9  is  a  side  view  of  the  same,  Fig.  10  is  an  o b l i q u e  

view  of  the  impel le r   r e l a t i n g   to  the  other   embodiments  used  in  above -  

said  p r o j e c t i n g   c o n s t r u c t i o n   appara tus   for  m o l t e n - m e t a l - d i s c h a r g i n g  

hole,  Fig.  11  is  a  diagrammatic  side  view  showing  the  method  of  r e p a i r i n g  

m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  a  c o n v e n t i o n a l   p r a c t i c e ,   and 

Fig.  12  is  a  s e c t i o n a l   view  of  a  r e p a i r i n g   appa ra tu s   using  an  i m p e l l e r  

r e l a t i n g   to  a  conven t iona l   p r a c t i c e .  

7 
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Best  Mode  for  Carrying  Out  the  I n v e n t i o n  

As  i l l u s t r a t e d   in  Figs.  1  and  2,  appa ra tu s   21  for  r e p a i r i n g  

m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  f i r s t   embodiment  c o m p r i s e s  

a  t r a v e l l i n g   frame  22a  which  is  suppor ted   by  s u p p o r t i n g   members  n o t  

shown  in  the  f i gu res   but  d i sposed   before   a  c o n v e r t e r   taphole   which 

is  one  of  the  examples  of  m o l t e n - m e t a l - d i s c h a r g i n g   hole  and  is  a 

component  of  device  22  to  move  forward  and  backward,  a  t r a v e l l i n g   t r u c k  

23  having  a  d r iv ing   source  t h e r e i n   and  t r a v e l s   l a t e r a l l y   on  a b o v e - s a i d  

t r a v e l l i n g   frame  22a,  a  r o t a t i n g   shaf t   24  so  a t t a c h e d   on  the  lower  

s ec t i on   of  said  t r a v e l l i n g   truck  23  via  s u p p o r t i n g   members  as  t o  

r o t a t e   f r ee ly ,   an  impel le r   25  which  is  a t t a c h e d   to  the  top  end  of  s a i d  

r o t a t i n g   shaft   24,  and  a  m a t e r i a l - s u p p o r t i n g   pipe  26  disposed  a round  

said  r o t a t i n g   shaf t   24.  The  d e t a i l s   of  these  components  will  be  d e s c r i b e d  

h e r e i n u n d e r .  

As  i l l u s t r a t e d   in  Fig.  1,  above - sa id   device  22  to  move  f o r w a r d  

and  backward  has  a  well-known  composi t ion   that   the  t r a v e l l i n g   truck  23 

moves  forward  and  backward  in  p a r a l l e l   to  the  c o n v e r t e r   taphole   27 

dr iven  by  an  e l e c t r i c   motor,  a  h y d r a u l i c   or  a  pneumatic  cy l i nde r ,   e t c .  

and  guided  by  the  t r a v e l l i n g   frame  22a  which  is  suppor ted   by  s u p p o r t i n g  

members  not  shown  in  the  f i gu re .   Here,  though  the  t r a v e l l i n g   truck  23 

has  a  composi t ion  only  to  move  forward  and  backward,  it  is  p o s s i b l e   t o  

add  a  well-known  l a t e r a l l y - t r a v e l l i n g   or  swinging  func t ion   to  s a i d  

t r a v e l l i n g   truck  23  if  so  i n t e n d e d .  

On  the  lower  s e c t i o n   of  the  t r a v e l l i n g   t ruck  23,  the  r o t a t i n g  

shaf t   24  is  d isposed  via  s u p p o r t i n g   members  and,  on  the  top  end  of  s a i d  

8 
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r o t a t i n g   shaf t   24,  an  impel le r   25  is  a t t a c h e d ,   wherein  a f o r e s a i d   d e v i c e  

noves  forward  and  backward  ins ide   said  c o n v e r t e r   t apho le   27  accompanying 

the  movement  of  the  t r a v e l l i n g   t r u c k .  

Above-said  impel le r   25  is  made  up  with  metal  or  ceramic  vanes  

and,  as  i l l u s t r a t e d   in  Fig.  2,  at  the  center   of  said  impel le r   25,  t h e  

r o t a t i n g   shaf t   24  is  a t t ached   and,  at  the  rear  end  s ec t ion   of  s a i d  

r o t a t i n g   shaf t   24,  a  motor  32  which  is  a  r o t a t i o n   d r i v ing   source  i s  

connected  via  a  coupl ing  31  so  as  to  r o t a t e   the  impe l le r   25  at  h i g h  

speed .  

On  the  way  of  said  r o t a t i n g   shaf t   24,  bea r ings   28,  29,  and  30 

are  d i sposed ,   and  said  bear ings   28,  29,  and  30  are  f ixed  ins ide   t h e  

s u p p o r t i n g   pipe  26a  and,  at  the  ou t s ide   of  th i s   s u p p o r t i n g   pipe  26a,  

there   d isposed   an  outer  cy l i nde r   26b  suppor ted   by  s u p p o r t i n g   members 

not  shown  in  the  f igure ,   wherein  a  r i n g - s h a p e d   m a t e r i a l - s u p p l y i n g   p i p e  

26  which  is  c o n c e n t r i c   with  said  r o t a t i n g   shaf t   24  is  formed  by  s a i d  

outer   cy l i nde r   26b  and  suppor t ing   pipe  26a,  and  the  r e p a i r i n g   m a t e r i a l  

tha t   is  one  of  the  examples  of  p r o j e c t i o n   m a t e r i a l   is  e j e c t e d   toward  

the  vanes  of  said  impel ler   25  out  of  the  r i n g - s h a p e d   port  26c  at  t h e  

top  s ec t ion   of  the  m a t e r i a l - s u p p l y i n g   pipe  26. 

At  the  s t a r t i n g   end  s ec t i on   of  said  m a t e r i a l - s u p p l y i n g   p i p e  

26  as  i l l u s t r a t e d   in  Fig.  1,  a  m a t e r i a l - s u p p l y i n g   hose  34  is  c o n n e c t e d  

which  is  also  connected  to  a  m a t e r i a l - s u p p l y i n g   tank  33  and,  t r a n s f e r r e d  

by  the  compressed  air  genera ted   by  a  compressor  not  shown  in  the  f i g u r e ,  

the  r e p a i r i n g   mater ia l   is  e j e c t ed   from  the  r i n g - s h a p e d   port  26c  at  t h e  

top  s ec t ion   of  the  m a t e r i a l - s u p p l y i n g   pipe  26,  wherein,   on  the  way  o f  

9 
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said  m a t e r i a l - s u p p l y i n g   hose  34,  there   d i sposed   a  w a t e r - a d d i n g   d e v i c e  

35  which  has  w a t e r - i n j e c t i n g   holes  formed  o b l i q u e l y   to  the  f o r w a r d  

d i r e c t i o n   of  the  ma te r i a l   so  as  to  add  proper  amount  of  water  to  s a i d  

r e p a i r i n g   m a t e r i a l .  

In  a d d i t i o n ,   as  another   example,  the  w a t e r - a d d i n g   device  35 

may  be  a t t a c h e d   at  the  end  s ec t i on   of  the  outer   c y l i n d e r   26b.  In  t h e  

f i gu re ,   the  number  36  shows  a  cool ing   water  r e c i r c u l a t i o n   hose  (  n o t  

shown  in  Fig.  2)  for  c i r c u l a t i n g   the  cool ing   water  to  cool  said  m a t e r i a l -  

supp ly ing   pipe,  the  number  37  shows  the  hose  to  supply  water  to  t h e  

w a t e r - a d d i n g   device  35,  and  the  number  38  shows  the  ins ide   c o n i c a l l y -  

worn-out   s ec t ion   to  be  r e p a i r e d .  

In  the  ac tual   use  of  the  appara tus   21  for  r e p a i r i n g   m o l t e n -  

m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  above - sa id   f i r s t   embodiment,  s i n c e  

it  has  the  func t ion   desc r ibed   above,  the  worn-out  s t a t e   of  the  c o n v e r t e r  

t aphole   27  is  confirmed  in  advance  and,  a f t e r   c i r c u l a t i n g   the  c o o l i n g  

water  used  for  said  appara tus   21  and,  d r i v i n g   the  r o t a t i n g   motor  32,  t h e  

impe l l e r   25  is  i n s e r t e d   into  the  c o n v e r t e r   t aphole   27  t oge the r   with  t h e  

m a t e r i a l - s u p p l y i n g   pipe  26  while  c o n t r o l l i n g   the  t r a v e l l i n g   truck  23. 

Then,  by  a  compressor,   e t c . ,   not  shown  in  the  f igu re ,   t h e  

r e p a i r i n g   ma te r i a l   in  the  ma te r i a l   tank  33  is  t r a n s f e r r e d   by  compressed  

air   to  the  m a t e r i a l - s u p p l y i n g   pipe  26  through  the  m a t e r i a l - s u p p l y i n g  

hose  34,  and  e j e c t ed   toward  the  impel le r   25  from  the  r i ng - shaped   p o r t  

26c  at  the  top  s ec t ion   of  the  m a t e r i a l - s u p p l y i n g   pipe  26.  Here,  as  t h e  

r e p a i r i n g   m a t e r i a l ,   basic  ma te r i a l   .  such  as  of  magnesia  or  dolomite  i s  

used  and  proper  amount  of  water  is  added  via  the  w a t e r - a d d i n g   device  35 

1  0 



EP  0  357  795  A1 
•  »  „  .  »  t «  7  >  5  1 
@,  «  1 

»  3  •  i  ) 
*  ?  »  i.  ,  j  *  1  * 

d i sposed   on  the  way  of  the  h o s e .  

Since  the  impe l le r   25  r o t a t e s   at  high  speed,  the  r e p a i r i n g  

ma te r i a l   e j e c t e d   onto  said  impel le r   25  is  p r o j e c t e d   by  the  vanes  and,  

as  a  r e s u l t ,   as  shown  in  Fig.  1,  the  c o n v e r t e r   t aphole   27  is  r e p a i r e d  

quickly   and,  because  of  the  p r o j e c t i o n   nea r ly   p e r p e n d i c u l a r   to  t h e  

su r face   to  be  r epa i r ed ,   a  c o n s t r u c t e d   layer  f i ne r   than  that   by 

conven t iona l   method  can  be  ob ta ined   with  good  e f f i c i e n c y .  

In  above-sa id   embodiment  (  same  for  the  fo l lowing   second  t o  

four th   embodiments  ),  dry  type  r e p a i r i n g   m a t e r i a l   was  used.  The  p r e s e n t  

i nven t ion ,   however,  is  s u i t a b l e   even  for  wet  type  ma te r i a l   (  such  a s  

above - sa id   magnesia  or  dolomite   bas ic   ma te r i a l   added  with  water,  e t c . )  

suppl ied   by  a  pump  for  example.  Fur ther ,   s ince  the  impel le r   is  made  up 

with  p l a t e   type  vanes  with  open  tops,  and  large  par t   of  the  m a t e r i a l -  

t r a n s f e r r i n g   compressed  air   flows  in  the  same  d i r e c t i o n   as  of  the  s h a f t  

axis  and  only  the  r e p a i r i n g   ma te r i a l   is  p r o j e c t e d   by  the  vanes,  t h e  

adhesion  ra te   of  the  r e p a i r i n g   ma te r i a l   is  improved,  and  a  c logging  o f  

the  ma te r i a l   at  the  root  of  vanes  occurred   in  the  case  of  c o n v e n t i o n a l  

appara tus   mentioned  above  is  e l i m i n a t e d .  

Moreover,  by  d i spos ing   the  outer  c y l i n d e r   26b  which  composes 

the  m a t e r i a l - s u p p l y i n g   pipe  26  e c c e n t r i c a l l y   to  the  s u p p o r t i n g   pipe  26a 

which  suppor ts   the  r o t a t i n g   shaf t   24  of  the  impe l le r   and,  in  a d d i t i o n ,  

by  giving  proper  r o t a t i o n   to  said  m a t e r i a l - s u p p l y i n g   pipe  and  c h a n g i n g  

the  r e l a t i v e   p o s i t i o n   of  the  port   of  m a t e r i a l - s u p p l y i n g   pipe  26  to  t h e  

m o l t e n - m e t a l - d i s c h a r g i n g   hole  27,  it  also  becomes  p o s s i b l e   to  e j ec t   t h e  

p r o j e c t i o n   mate r ia l   e c c e n t r i c a l l y   from  the  r i n g - s h a p e d   port  26c  and 
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to  l imi t   the  p r o j e c t i o n   of  m a t e r i a l   from  the  impe l l e r   25  to  only  one 

i i r e c t i o n .   By  th is   m o d i f i c a t i o n ,   the  t h i c k n e s s   of  c i r c u m f e r e n t i a l   l a y e r  

zan  be  ad jus t ed ,   and  a  p a r t i a l   concave  s ec t ion   can  also  be  r e p a i r e d .  

In  th i s   case,  though  the  p r o j e c t i n g   p o s i t i o n   of  the  m a t e r i a l -  

supply ing   pipe  is  to  be  c o n t r o l l e d   as  it  can  be  r o t a t e d   aga ins t   t h e  

t r a v e l l i n g   t ruck,   the  m a t e r i a l - s u p p l y i n g   pipe  becomes  s t a t i o n a r y   when 

the  impel le r   is  used  as  a  r e f e r e n c e   because  said  pipe  dose  not  r o t a t e  

t o g e t h e r   with  the  i m p e l l e r .  

Then,  the  d e t a i l s   will   be  d e s c r i b e d   as  to  the  appara tus   39  f o r  

r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  s econd  

embodiment  i l l u s t r a t e d   in  Figs.  3  and  4,  and  the  same  components  in  

above - sa id   appara tus   21  for  r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  a r e  

provided   with  the  same  number  and  the  d e s c r i p t i o n s   of  these  components  

are  o m i t t e d .  

In  the  appara tus   39  for  r e p a i r i n g   mol ten-meta l   - d i s c h a r g i n g  

hole  as  i l l u s t r a t e d   in  Figs.  3  and  4,  the  m a t e r i a l - s u p p l y i n g   pipes  40a 

through  40h  composing  of  two  or  more  pipes  ( e igh t   pipes  are  used  in  

th i s   embodiment)  are  d i sposed   around  the  r o t a t i n g   shaf t   24,  and  each  o f  

the  m a t e r i a l - s u p p l y i n g   pipes  40a  through  40h  is  connected   r e s p e c t i v e l y  

to  the  c e n t r a l i z e d   m a t e r i a l - s u p p l y i n g   pipe  42  via  valves   41a  t h r o u g h  

41h.  This  c e n t r a l i z e d   m a t e r i a l - s u p p l y i n g   pipe  42  is  connected  to  a b o v e -  

de sc r i bed   mate r ia l   tank  from  which  the  p r e d e t e r m i n e d   r e p a i r i n g   m a t e r i a l ,  

tha t   is,  one  of  the  p r o j e c t i o n   m a t e r i a l s   is  t r a n s f e r r e d   by  a i r .  

Accordingly ,   as  i l l u s t r a t e d   in  Fig.  4,  in  the  case  there   is  a 

p a r t i a l   wear  43  in  the  l im i t ed   d i r e c t i o n   on  the  c o n v e r t e r   taphole   27  by 
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supply ing   the  r e p a i r i n g   m a t e r i a l   only  from  the  m a t e r i a l - s u p p l y i n g   p i p e s  

40b  and  40c,  the  ma te r i a l   can  be  p r o j e c t e d   in  only  one  d i r e c t i o n ( s l a n t e d  

l ined  po r t ion   in  the  r igh t   of  Fig.  4)  and,  as  a  r e s u l t ,   p a r t i a l   r e p a i r  

of  the  conve r t e r   t aphole   becomes  p o s s i b l e ,   because  only  a  l imi ted   p a r t  

of  ma te r i a l   is  e j e c t e d   from  the  m a t e r i a l - s u p p l y i n g   port   at  the  top  end 

sec t ion   of  the  pipe  and  c o l l i d e s   with  the  impe l le r   25. 

Fur ther ,   in  th is   embodiment,  the  r e p a i r i n g   ma te r i a l   is  added 

with  water  beforehand  and  t r a n s f e r r e d   by  compressed  air   genera ted   by  a 

compressor  not  shown  in  the  f i gu re   as  same  as  in  the  f i r s t   embodiment 

mentioned  h e r e i n b e f o r e ,   and  it  is  p o s s i b l e   to  p rov ide   a  w a t e r - a d d i n g  

device  to  add  proper  amount  of  water  to  the  r e p a i r i n g   appara tus   on  t h e  

way  of  the  m a t e r i a l - s u p p l y i n g   pipes  40a  through  40h  or  at  the  u p s t r e a m  

of  them. 

Then,  in  the  main  composi t ion   of  the  p r o j e c t i n g   c o n s t r u c t i o n  

appara tus   for  m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  t h i r d  

embodiment  i l l u s t r a t e d   in  Figs.  5  and  6,  a  r o t a t i n g   shaf t   48  to  r o t a t e  

f r e e l y   is  d isposed  via  bea r ings   45,  46,  and  47  on  a  s u p p o r t i n g   pipe  44 

having  an  enough  length  longer  than  that   of  a f o r e s a i d   conve r t e r   t a p h o l e  

and  an  impel ler   49  is  f ixed  on  the  top  end  of  said  r o t a t i n g   shaf t   48. 

As  i l l u s t r a t e d   in  Fig.  6,  around  a b o v e - s a i d   suppor t i ng   p i p e  

44,  there  d isposed  m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d  made  up  w i t h  

four  s t a i n l e s s   s tee l   pipes  with  both  ends  being  held  with  end  p l a t e s   51 

and  52  and,  between  the  two  of  the  m a t e r i a l - s u p p l y i n g   pipes  50a  t h r o u g h  

50d,  c o o l i n g - w a t e r   supply ing   pipes  53a  through  53d  are  d isposed.   And  a t  

the  outer  pe r iphe ry   of  said  m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d , an  
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outer   cy l inde r   54  is  d i sposed   whose  top  end  is  f ixed  to  above-sa id   end 

p l a t e   51  and  whose  bottom  end  is  f ixed  to  the  s u p p o r t i n g   metal  55  which 

holds  above-sa id   end  p l a t e   52. 

To  th is   s u p p o r t i n g   metal  55,  a  w a t e r - s u p p l y i n g   port  56  and 

a  w a t e r - d r a i n i n g   port   57  are  provided .   The  w a t e r - s u p p l y i n g   port  i s  

connected  to  above - sa id   four  c o o l i n g - w a t e r   supply ing   pipes  53a  t h r o u g h  

53d,  and  the  w a t e r - d r a i n i n g   port  57  is  connected  to  the  ins ide   of  s a i d  

outer  cy l inder   54,  wherein  the  water  supp l i ed   through  above - sa id   w a t e r -  

supply ing   pipes  53a  through  53d  to  the  top  s e c t i o n   of  the  m a t e r i a l -  

supply ing   pipe  54  is  d ra ined   out  of  the  space  between  the  s u p p o r t i n g  

pipe  44  and  the  outer   c y l i n d e r   54  and  from  a b o v e - s a i d   w a t e r - d r a i n i n g  

port   57.  Here,  Fig.  5  i l l u s t r a t e s   the  s t a t e   wherein  no  cool ing   water  i s  

supp l i ed   and,  Fig.  6  i l l u s t r a t e s   the  s t a t e   wherein  cool ing   water  i s  

s u p p l i e d .  

At  each  s t a r t i n g   end  s ec t i on   of  a b o v e - s a i d   m a t e r i a l - s u p p l y i n g  

pipes  50a  through  50d,  there   provided  a  connec t ing   metal  58  to  c o n n e c t  

the  m a t e r i a l - s u p p l y i n g   hose  for  t r a n s f e r r i n g   the  r e p a i r i n g   m a t e r i a l  

which  is  one  of  the  examples  of  p r o j e c t i o n   m a t e r i a l   t r a n s f e r r e d   by 

compressed  air  and,  at  said  connec t ing   metal  58,  the re   provided  an 

a i r - r e p l e n i s h i n g   hole  59  for  compensat ing  the  unde r supp ly   of  compressed  

a i r ,   and  a  w a t e r - s u p p l y i n g   hole  60  for  supply ing   the  water  used  f o r  

above - sa id   r e p a i r i n g   m a t e r i a l .   In  a d d i t i o n ,   each  of  above - sa id   m a t e r i a l -  

supply ing   pipes  is  p rovided   with  valve  by  which  the  r e p a i r i n g   m a t e r i a l  

supp l i ed   to  above - sa id   m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d  can  be 

stopped  i n d i v i d u a l l y .  
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At  the  one  end  of  above - sa id   r o t a t i n g   sha f t   48,  there   p r o v i d e d  

i  coupl ing  60a  which  is  to  be  coupled  with  the  output   shaf t   of  a 

r o t a t i o n   d r iv ing   source  (  such  as  an  e l e c t r i c   motor,  a  h y d r a u l i c   motor ,  

sr  an  air  motor)  not  shown  in  the  f i gu re .   And  a  concave  s ec t ion   61  i s  

formed  before   the  impel le r   49  which  is  f ixed  to  the  other   end  of  s a i d  

r o t a t i n g   shaf t   48  and,  to  th is   concave  s e c t i o n ,   the  top  end  s ec t ion   o f  

above-sa id   m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d  comes  in  so  t h a t  

the  e j e c t e d   r e p a i r i n g   ma te r i a l   may  c o l l i d e   with  the  impe l le r   49  w i t h o u t  

fa i l   and  may  be  p r o j e c t e d   to  the  p e r i p h e r y   of  the  impel le r   be tween  

the  radius   and  c i r c u m f e r e n t i a l   d i r e c t i o n s .  

Above-said  s u p p o r t i n g   metal  55  is  a t t a c h e d   to  the  t r a v e l l i n g  

truck  23-  which  is  a  component  of  a f o r e s a i d   device  22  so  that   t h i s  

appara tus   may  move  forward  and  backward  ins ide   a f o r e s a i d   c o n v e r t e r  

t aphole   27  accompanying  the  movement  of  said  t r a v e l l i n g   truck  23. 

Therefore ,   to  use  th is   p r o j e c t i n g   c o n s t r u c t i o n   appara tus   f o r  

m o l t e n - m e t a l - d i s c h a r g i n g   hole,  the  worn-out  s t a t e   of  the  c o n v e r t e r  

taphole   27  to  be  r e p a i r e d   is  f i r s t   conf i rmed  and  the  s p e c i f i e d   amount 

of  water  is  suppl ied   from  the  w a t e r - s u p p l y i n g   port   56  so  as  to  keep  t h e  

ins ide   cool  s u f f i c i e n t l y .   Then,  by  d r i v i n g   the  device  22  to  move  f o r w a r d  

and  backward,  said  appara tus   is  i n s e r t e d   up  to  the  s p e c i f i e d   p o s i t i o n  

ins ide   the  conver te r   taphole   27  to  be  r e p a i r e d   and,  with  the  impel ler   49 

being  r o t a t e d   by  a  r o t a t i n g   motor,  the  valves   connected   to  a b o v e - s a i d  

m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d  are  opened  so  that   the  r e p a i r i n g  

ma te r i a l   may  be  t r a n s f e r r e d   by  compressed  air   to  e i t h e r   one  or  two  or  a l l  

of  the  m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d  d e s c r i b e d   above.  
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During  th is   p rocess ,   proper  amount  of  water  is  added  to  t h e  

r e p a i r i n g   ma te r i a l   so  as  to  make  it  wet  and,  if  so  in tended,   it  i s  

p o s s i b l e   to  supply  the  r e p a i r i n g   m a t e r i a l   to  the  vanes  of  the  i m p e l l e r  

49  while  i n c r e a s i n g   the  e j e c t i n g   speed  by  supp ly ing   the  compressed  a i r  

from  the  a i r - r e p l e n i s h i n g   port   59. 

The  r e p a i r i n g   m a t e r i a l   e j e c t e d   from  the  m a t e r i a l - s u p p l y i n g  

pipes  50a  through  50d  is  p r o j e c t e d   by  the  impe l le r   49  to  i ts   p e r i p h e r y  

wi thout   fa i l   whenever  it  is  e j e c t e d   even  if  the  e j e c t i n g   speed  is  n o t  

s u f f i c i e n t ,   because  the  top  end  of  said  m a t e r i a l - s u p p l y i n g   pipes  50a 

through  50d  come  into  the  concave  s ec t i on   61  of  the  impel le r   49,  and,  

as  a  r e s u l t ,   the  r e p a i r i n g   work  becomes  e f f i c i e n t .  

Though  th i s   embodiment  i l l u s t r a t e s   the  case  in  which  t h e  

m u l t i p l e   m a t e r i a l - s u p p l y i n g   pipes  50a  through  50d  are  d isposed  a r o u n d  

the  r o t a t i n g   shaf t ,   and,  even  in  the  case  of  the  m a t e r i a l - s u p p l y i n g  

pipe  26  composing  the  s u p p o r t i n g   pipe  26a  and  the  outer   cy l inde r   26b 

as  in  a f o r e s a i d   f i r s t   embodiment,  it  is  p o s s i b l e   to  let  the  top  end 

s e c t i o n   of  the  m a t e r i a l - s u p p l y i n g   pipe  come  into  above - sa id   concave  

s ec t i on   61  and,  a c c o r d i n g l y ,   the  appara tus   s t i l l   has  the  c h a r a c t e r i s t i c s  

tha t   the  r e p a i r i n g   m a t e r i a l   is  to  be  well  p r o j e c t e d   by  the  i m p e l l e r  

even  if  the  e j e c t i n g   speed  of  the  supp l i ed   m a t e r i a l   is  low. 

Then,  the  bas ic   d i f f e r e n c e   between  the  appara tus   62  f o r  

r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  f o u r t h  

embodiment  i l l u s t r a t e d   in  Figs.  7,  8,  and  9,  and  a b o v e - s a i d   appara tus   f o r  

r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  is  that   the  appara tus   62  f o r  

r e p a i r i n g   m o l t e n - m e t a l - d i s c h a r g i n g   hole  is  p rovided   with  a  d e t a c h a b l e  
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; u t t e r   64  at  the  forward  s ec t i on   of  the  impe l l e r   63  as  i l l u s t r a t e d   in  

7igs.  8  and  9.  Accord ingly ,   the  c u t t e r   64  r o t a t e s   accompanying  t h e  

r o t a t i n g   impel ler   63  and,  by  th is   mechanism,  it  becomes  p o s s i b l e   t o  

remove  the  convexes  65  and  66  ins ide   the  c o n v e r t e r   t aphole   27  before   a 

repair   and,  moreover,  in  case  of  o v e r p r o j e c t i o n   in  one  d i r e c t i o n   of  t h e  

r e p a i r i n g   mate r ia l   which  is  one  of  the  examples  of  p r o j e c t i o n   m a t e r i a l ,  

it  is  also  p o s s i b l e   to  cut  away  the  o v e r p r o j e c t e d   ma te r i a l   by  use  o f  

said  c u t t e r   64. 

Fig.  10  i l l u s t r a t e s   an  impel le r   68  to  which  each  vane  67  o f  

the  impel ler   is  a t t a c h e d   with  a  t w i s t i n g   angle  a  to  the  r o t a t i n g  

s h a f t ( n o t   shown)  and  with  an  i n c l i n a t i o n   j  to  the  d i r e c t i o n   of  r o t a t i n g  

rad ius .   By  a t t a c h i n g   each  vane  67  of  the  impe l l e r   with  the  t w i s t i n g  

angle  to  the  r o t a t i n g   shaf t   as  de sc r i bed   above,  it  is  p o s s i b l e   t o  

p r o j e c t   the  r e p a i r i n g   m a t e r i a l   which  is  one  of  the  examples  of  p r o j e c t i o n  

ma te r i a l   e j ec t ed   backward  o b l i q u e l y   as  shown  by  the  arrow  p  to  t h e  

impel ler   68  from  the  m a t e r i a l - s u p p l y i n g   pipe  69  and,  by  a t t a c h i n g   each  

vane  with  an  i n c l i n a t i o n   to  the  d i r e c t i o n   of  r o t a t i n g   r ad ius ,   it  i s  

also  p o s s i b l e   to  take  an  angle  to  p r o j e c t   the  r e p a i r i n g   ma te r i a l   n e a r e r  

the  r o t a t i n g   s h a f t .  

Accordingly,   in  the  case  of  r e p a i r i n g   the  conica l   l y - w o r n - o u t  

sec t ion   38  ins ide   the  conve r t e r   as  shown  in  Fig.  2,  an  extremely  h i g h  

e f f i c i e n t   p r o j e c t i o n   becomes  p o s s i b l e   by  p r o j e c t i n g   the  r e p a i r i n g  

m a t e r i a l ,   with  the  impel le r   68  being  set  a  l i t t l e   ahead  of  said  worn -ou t  

s ec t ion ,   because  the  r e p a i r i n g   ma te r i a l   is  p r o j e c t e d   backward  o b l i q u e l y .  

Though  a b o v e - d e s c r i b e d   embodiment  is  for  the  r epa i r   of  t h e  
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i n t e r n a l   po r t ion   of  a  c o n v e r t e r   t apho le ,   the  p r e s e n t   i nven t ion   has  many 

a p p l i c a t i o n s   such  as  for  the  r epa i r   of  concave  s e c t i o n   e x i s t i n g   on  a 

r e f l u x   tank  of  vacuum  degass ing   furnace ,   c o n v e r t e r   noses  and  e l e c t r i c  

furnace   t h r o a t s   ( i n s e r t i n g   ho le ) ,   and  c e r a m i c - p r o d u c i n g   k i lns   in  which 

the  m a t e r i a l - f l o w i n g - d i r e c t i o n   is  changed.  Fu r the r   not  only  for  r e p a i r ,  

but  the  p resen t   i nven t ion   is  a p p l i c a b l e   to  the  c o n s t r u c t i o n   and  fo rming  

work  at  the  c r i t i c a l   s e c t i o n   of  c o n v e r t e r ,   etc.   by  use  of  c a s t a b l e  

r e f r a c t o r i e s .  

I n d u s t r i a l   A p p l i c a b i l i t y  

In  the  case  of  r e p a i r i n g   method  for  m o l t e n - m e t a l - d i s c h a r g i n g  

hole  r e l a t i n g   to  the  p r e sen t   i nven t ion ,   it  has  become  p o s s i b l e   to  p r o j e c t  

only  the  p r o j e c t i o n   m a t e r i a l   e f f e c t i v e l y   onto  the  concave  s ec t ion   o f  

a  mol ten-meta l   - d i s c h a r g i n g   hole  while  pass ing   the  t r a n s f e r r i n g   a i r ,   e t c .  

along  the  d i r e c t i o n   of  r o t a t i n g   axis ,   because  the  p r o j e c t i o n   m a t e r i a l  

supp l i ed   through  the  m a t e r i a l - s u p p l y i n g   pipe  and  e j e c t e d   to  the  i m p e l l e r  

is  p r o j e c t e d   in  the  p e r i p h e r a l   d i r e c t i o n   by  the  c o l l i s i o n   with  the  vanes  

of  the  impel ler   which  is  r o t a t i n g   at  high  s p e e d .  

Accordingly ,   the  p r e s e n t   i nven t ion   enables   a  r epa i r   work  i n  

hot  s t a t e ,   with  high  e f f i c i e n c y ,   wi thout   m a t e r i a l   c logging ,   and  w i t h  

h i g h - q u a l i t y   l ined  layer  even  in  the  case  of  the  con ica l   s ec t i on   i n s i d e  

a  m o l t e n - m e t a l - d i s c h a r g i n g   hole  to  which  it  is  d i f f i c u l t   to  p r o j e c t  

r e p a i r i n g   mate r ia l   by  conven t iona l   methods .  

Fur ther ,   the  appa ra tus   for  r e p a i r i n g   mol ten-meta l   - d i s c h a r g i n g  

hole  r e l a t i n g   to  the  f i r s t   and  second  i n v e n t i o n s   can  provide  an 
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appara tus   embodying  a b o v e - d e s c r i b e d   method,  enable  the  h i g h - s p e e d  

p r o j e c t i o n   of  ma te r i a l   onto  the  inner  wall  of  mol ten-meta l   - d i s c h a r g i n g  

hole,  and,  as  a  r e s u l t ,   make  it  p o s s i b l e   to  i n s t a l l   an  inner  wall  w i t h  

h i g h - b u l k - d e n s i t y   ( l o w - p o r o s i t y )   . 

E s p e c i a l l y ,   in  the  case  of  appa ra tu s   for  r e p a i r i n g   m o l t e n -  

m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  the  second  i n v e n t i o n ,   it  is  p o s s i b l e  

to  e j ec t   the  p r o j e c t i o n   m a t e r i a l   only  in  one  c o n c e n t r a t e d   d i r e c t i o n   by 

d i spos ing   a  valve  to  each  m a t e r i a l - s u p p l y i n g   pipe  and,  as  a  r e s u l t ,   i t  

becomes  p o s s i b l e   to  ad jus t   the  t h i c k n e s s   of  c i r c u m f e r e n t i a l   layer  and  t o  

r epa i r   e f f i c i e n t l y   the  m o l t e n - m e t a l - d i s c h a r g i n g   hole,  c o n t r i b u t i n g   t o  

decrease   the  unit   cost  of  the  r e p a i r i n g   m a t e r i a l .  

Moreover,  because  it  is  p o s s i b l e   to  r epa i r   the  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  to  a  t rue  c i r c l e ,   the  a i r - c o n t a c t i n g   area  of  t h e  

flowing  molten  metal  is  dec reased   and,  as  a  r e s u l t ,   s t ee l   q u a l i t y   becomes 

improved.  

In  the  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  r e l a t i n g   to  a b o v e - d e s c r i b e d   f i r s t   or  second  i n v e n t i o n ,  

it  is  p o s s i b l e   to  p r o j e c t   p r o j e c t i o n   m a t e r i a l   by  use  of  the  i m p e l l e r  

without   f a i l ,   even  if  the  e j e c t i n g   speed  of  the  m a t e r i a l   is  low,  by 

forming  a  concave  s ec t ion   before   the  impe l le r   and  by  making  the  top  end 

of  the  m a t e r i a l - s u p p l y i n g   pipe  come  into  said  concave  s e c t i o n .  

Also,  in  the  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   f o r  

m o l t e n - m e t a l - d i s c h a r g i n g   hole  r e l a t i n g   to  a b o v e - s a i d   f i r s t   and  second  

inven t ions ,   by  p rov id ing   a  c u t t e r   to  the  impe l l e r ,   it  becomes  p o s s i b l e  

to  remove  the  convexes  and  o v e r p r o j e c t e d   m a t e r i a l   which  are  e x i s t i n g  
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on  the  ins ide   wall  of  m o l t e n - m e t a l - d i s c h a r g i n g   hole  and,  as  a  r e s u l t  

,  it  f u r t h e r   becomes  p o s s i b l e   to  form  or  r epa i r   the  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole  into  tha t   with  far  t rue  c i r c l e .  

In  a d d i t i o n ,   in  the  case  of  the  impe l le r   of  p r e sen t   i n v e n t i o n  

for  r e p a i r i n g   the  concave  s e c t i o n   of  m o l t e n - m e t a l - d i s c h a r g i n g   hole  can 

p r o j e c t   the  p r o j e c t i o n   m a t e r i a l   backward  o b l i q u e l y   and,  a c c o r d i n g l y ,  

more  e f f i c i e n t   p r o j e c t i o n   can  be  performed  to  the  conica l   l y - w o r n - o u t  

s ec t i on   on  the  ins ide   wall  of  m o l t e n - m e t a l - d i s c h a r g i n g   hole.  T h e r e f o r e ,  

if  i n t r o d u c i n g   the  p r o j e c t i o n   r e p a i r i n g   method  by  use  of  the  i m p e l l e r  

of  the  p resen t   i nven t ion   to  the  r epa i r   of  c o n v e r t e r   t apho le ,   it  becomes 

p o s s i b l e   to  r epa i r   a  m o l t e n - m e t a l - d i s c h a r g i n g   hole  while  a  conve r t e r   i s  

in  blowing  p r o c e s s .  
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CLAIMS 

(1)  A  p r o j e c t i n g   c o n s t r u c t i o n   method  for  m o l t e n - m e t a l - d i s c h a r g i n g  

hole,  compris ing  the  s teps   of  :  i n s e r t i n g   an  impe l l e r   connected  to  a 

r o t a t i n g   power  source  to  move  the  impe l l e r   forward  and  backward  in  a 

m o l t e n - m e t a l - d i s c h a r g i n g   hole,  d i s p o s i n g   before   said  impel le r   a  m a t e r i a l -  

supply ing   pipe  for  supply ing   p r o j e c t i o n   m a t e r i a l   to  the  impel ler   by 

air   or  a  pump,  and  p r o j e c t i n g   the  p r o j e c t i o n   m a t e r i a l   e j e c t e d   from  s a i d  

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

hole  while  changing  the  d i r e c t i o n   of  the  m a t e r i a l   by  said  i m p e l l e r .  

(2)  A  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole,  c h a r a c t e r i z e d   by  compr is ing   an  impe l le r   which  i s  

connected  to  a  r o t a t i n g   sha f t ,   a  s t a t i o n a r y   m a t e r i a l - s u p p l y i n g   p i p e  

d isposed   before   said  impel le r   and  has  a  r i n g - s h a p e d   port   through  which 

the  t r a n s f e r r e d   p r o j e c t i o n   ma te r i a l   is  p r o j e c t e d ,   and  a  device  to  move 

the  pipe  and  impel ler   forward  and  backward  ins ide   the  m o l t e n - m e t a l -  

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

(3)  A  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tus   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole,  c h a r a c t e r i z e d   by  compr is ing   an  impe l le r   which  i s  

connected  to  a  r o t a t i n g   sha f t ,   m a t e r i a l - s u p p l y i n g   pipes  composing  two 

or  more  pipes  which  are  d isposed  around  the  r o t a t i n g   shaf t   and  e j e c t  

the  t r a n s f e r r e d   p r o j e c t i o n   ma te r i a l   through  the  por t s   d isposed  b e f o r e  

said  impel le r ,   and  a  device  to  move  the  pipe  and  impe l l e r   forward  and 

backward  ins ide   the  m o l t e n - m e t a l - d i s c h a r g i n g   hole  to  be  c o n s t r u c t e d .  

(4)  A  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tus   for  mol  ten-meta l   -  
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d i s c h a r g i n g   hole,  set  fo r th   in  the  claim  (2)  or  (3),  wherein  a  concave  

s e c t i o n   is  formed  before   the  impe l l e r ,   and  the  top  end  of  each  m a t e r i a l -  

supply ing   pipe  comes  in  said  concave  s e c t i o n .  

(5)  A  p r o j e c t i n g   c o n s t r u c t i o n   appa ra tu s   for  m o l t e n - m e t a l -  

d i s c h a r g i n g   hole,  set  fo r th   in  the  claim  (2)  or  (3),  wherein  c u t t e r s  

are  d isposed  on  the  forward  s e c t i o n   of  the  impe l l e r   and  r o t a t e d  

t o g e t h e r   with  said  i m p e l l e r .  

(6)  An  impel le r   used  in  a  p r o j e c t i n g   c o n s t r u c t i o n   appara tus   f o r  

m o l t e n - m e t a l - d i s c h a r g i n g   hole  concave  s e c t i o n ,   c h a r a c t e r i z e d   by  vanes  

which  are  a t t a ched   to  the  r o t a t i n g   shaf t   with  s p e c i f i e d   t w i s t i n g   a n g l e  

to  the  r o t a t i n g   shaf t   so  as  to  p r o j e c t   backward  o b l i q u e l y   the  p r o j e c t i o n  

ma te r i a l   supp l ied   through  the  m a t e r i a l - s u p p l y i n g   p i p e .  
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