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@  INCLINED  ROLLING  MILL. 

  An  inclined  rolling  mill  includes  pressure  rolls  with  an 
inlet  side  interfacial  angle  and  an  outlet-side  interfacial 
angle  which  are  disposed  with  an  inclination  such  as  to 
provide  a  predetermined  angle  of  lead.  The  rolling  mill  is 
provided  with  a  pair  of  drivable  drive  roller  shoes  with  an 
inlet-side  interfacial  angle  and  an  outlet-side  interfacial 
angle  which  are  disposed  at  a  position  adjacent  to  the 
pressure  rolls  with  an  inclination  such  as  to  provide  a 
predetermined  angle  of  lead.  Thus,  it  is  possible  to  stably 
support  a  blank  pipe  being  rolled  with  a  compact  structure 
and  to  effect  smooth  rolling. 



FIELD  OF  THE  INVENTION 

This  i nven t ion   r e l a t e s   to  a  cross  he l i ca l   r o l l i ng   mill  used  in 

manufac tu r ing   seamless   s t ee l   p ipe .  

DESCRIPTION  OF  THE  PRIOR  ART 

BACKGROUND  OF  THE  INVENTION 

In  g e n e r a l ,   in  the  process   of  p ie rc ing   a  seamless  s teel   p i p e ,  

there  is  used  a  cross  h e l i c a l   ro l l ing   mil l ,   in  which  two  work  ro l l s   each 

having  an  i n l e t   i n t e r f a c i a l   angle  and  an  ou t le t   i n t e r f a c i a l   angle  a r e  

i n c l i n e d l y   (in  a  s t a t e   of  c ross ing  each  other  as  viewed  from  a b o v e  )  

d isposed  at  a  p r e d e t e r m i n e d   lead  angle  and  guide  shoes  such  as  f i x e d  

shoes,   disc  shoes  and  r o l l e r   shoes  are  in terposed  between  the  work 

r o l l s .  

Fig.1  is  a  f ront   view  showing  a  work  roll  1,  a  plug  2,  a  shell  3 

and  a  fixed  shoe  4  in  a  cross  he l ica l   ro l l ing   mill.   The  shell   3  i s  

drawn  by  the  c i r c u m f e r e n t i a l   speed  of  the  work  roll  1 in  the  t a n g e n t i a l  

line  the reof   and  makes  s l i p s ,   impinging  on  the  fixed  shoe  4,  whereby,  on 

a  shoe  su r face   of  the  fixed  shoe  4,  there  occur  worn  por t ions   5A,  5B 

and  5  as  shown  in  F igs .2   and  3.  In  Fig.2,   des ignated   at  5A  is  a  worn 

po r t ion   when  a  thin  wall  shel l   is  ro l l ed ,   and  denoted  at  5B  is  a  worn 

po r t i on   when  a  th ick   wall  shel l   is  ro l led .   Furthermore,   on  the  shoe 

su r f ace   of  the  f ixed  shoe,  there  occur  fine  cracks  deemed  to  be  caused 

by  the  thermal  s t r e s s .   Then,  in  the  cross  he l i ca l   ro l l ing   mill  u s ing  

the  fixed  shoes  4,  in  order  to  prevent  the  worn  por t ions   or  c r a c k s  

occu r r ing   on  the  shoe  s u r f a c e   of  the  fixed  shoe  4  from  damaging  the  



su r f ace   of  the  she l l   3,  it  is  necessary  to  stop  ro l l ing   from  time  to 

time  and  c o n d i t i o n   the  shoe  surface  of  the  fixed  shoes  4  by  use  of  a 

g r i n d e r   or  the  l ike .   However,  in  cons ide ra t i on   of  short  service   l i fe   of 

the  f ixed  shoe  4  and  for  obv ia t ing   the  above-descr ibed   d isadvantages   a s  

much  as  p o s s i b l e ,   the  f ixed  shoe  4  is  formed  from  a  high  class  m a t e r i a l  

having  a  s a t i s f a c t i o n a l y   high  wear  r e s i s t a n c e .   This  amounts  to  a  very 

high  p e r c e n t a g e   of  the  p roduc t ion   cost  of  the  seemless  s teel   p i p e .  

Fig.4  is  a  f ron t   view  showing  disc  shoes  6  in  the  cross  h e l i c a l  

r o l l i n g   mi l l ,   in  which  each  disc  shoe  6  is  supported  on  a  bearing  8 

through  a  sha f t   7 and  d r i v a b l e   by  a  dr iving  motor  9.  To  make  t he  

con tac t   s u r f a c e   with  the  shel l   3  s u i t a b l e ,   the  disc  shoe  6  tends  to  be 

c o n s i d e r a b l y   i n c r e a s e d   in  i t s   d iameter ,   e.g.  to  reach  about  t h r e e  

meters ,   whereby  the  equipment  as  a  whole  becomes  long  and  large,  so  t h a t  

it  is  imposs ib l e   to  apply  such  disc  shoes  to  the  conventional   equipment 

in  terns   of  space.   Fur the rmore ,   in  comparison  of  the  c i r c u m f e r e n t i a l  

speed  of  the  work  ro l l   1  with  the  advance  speed  of  the  shell   3,  the  

r a t i o   is  about  8  to  1.  When  the  disc  shoe  6  r o t a t i ng   in  the  p roceed ing  

d i r e c t i o n   of  the  she l l   3  is  used,  the  s l ips   phenomena  occur  at  a  rate  of 

85  %  between  the  she l l   3  and  the  disc  shoe  6,  the  problems  including  t he  

s e r v i c e   l i f e   of  the  disc   shoe  8  and  the  damages  on  the  surface  of  the  

she l l   3  cannot  be  s a t i s f a c t o r i l y   s o l v e d .  

As  d i s c l o s e d   in  Pa ten t   Kokai  (Laid-Open)  No.54203/80,  h i t h e r t o ,  

when  only  one  guide  r o l l e r   is  provided  at  one  side  in  the  d i r e c t i o n   of  a 

rol l   gap,  the  she l l   e n t e r s   a  gap  formed  between  the  work  ro l l s   and  the  

guide  r o l l e r s ,   a  p e r i p h e r a l   por t ion  thereof  is  deformed  into  a  squa re  

shape  having  concave  s i d e s ,   and  such  a  phenomenon  has  been  p r e s e n t e d  

that   r o t a t i o n   of  the  work  ro l l s   is  impossible  and  the  wall  of  the  s h e l l  

is  b r o k e n .  



All  of  th is   is  the  phenomenon  observed  when  idler   r o l l e r s   are  used .  

Even  when  a  p l u r a l i t y   of  r o l l e r   shoes  are  provided,  the  mechanical  

s t r e n g t h   the reof   is  p r o b l e m a t i c a l .   Results   of  experiments  show  that  a 

r e a c t i o n   force  a c t i n g   on  the  shoe  is  varied  depending  on  the  shoe  gap.  

Fig.8  shows  th is   r e l a t i o n s h i p .   When  the  shoe  gap  is  less  than  a  c e r t a i n  

value,   the  r e a c t i o n   force  ac t ing   on  the  shoe  is  inverse ly   p r o p o r t i o n a l  

to  the  shoe  gap,  and,  when  the  shoe  gap  is  set  at  the  ce r t a in   value  or 

more,  the  r e a c t i o n   force  remain  at  a  predetermined  value.  This 

p r ede t e rmined   value  amounts  to  about  20  %  of  the  reac t ion   force  a c t i n g  

on  the  work  r o l l .   Even  if  the  number  of  r o l l e r   shoes  is  increased ,   only 

one  r o l l e r   shoe  may  come  in  contact   with  a  she l l ,   whereby  the  r e a c t i o n  

force  may  amount  to  as  much  as  30  tons.  Since  it  has  been  d i f f i c u l t   to  

support   th is   s t r engh   by  use  of  the  p l u r a l i t y   of  r o l l e r   shoes,  this  has 

n e c e s s i t a t e d   to  adopt  a  support   block  method  shown  in  Fig.2  or  a  back-up 

rol l   method  shown  in  Fig.3  in  Patent  Kodai  (Laid-Open)  No.54203/80.  

Fig.5  is  a  f ront   view  showing  r o l l e r s   shoes  10  in  the  cross  h e l i c a l  

r o l l i n g   mill  as  d i s c l o s e d   in  U t i l i t y   Model  Kokai  (Laid-Open)  No.60509  /  

81.  These  r o l l e r   shoes  10  are  idle  r o l l e r s   which  ro ta te   by  t h e m s e l v e s ,  

but  are  not  fo rced ly   d r iven .   In  consequence,  in  this   case,  the  r o l l e r  

shoes  10  are  the  idle  r o l l e r s ,   whereby,  when  the  shell   3  runs  into  a  gap 

formed  between  the  work  r o l l s   1  and  the  ro l l e r   shoes  10,  the  r o l l e r  

shoes  10  cannot  draw  out  the  shell  3,  so  that  the  ro l l i ng   may  be  s topped  

to  thereby  cause  a  s t i c k e r   phenomenon.  In  order  to  prevent  the  s t i c k e r  

phenomenon  from  o c c u r r i n g ,   there  may  be  proposed  to  inser t   a  guide  p l a t e  

11  between  the  work  r o l l s   1  and  the  r o l l e r   shoes  10.  However,  in  t h i s  

case,   the  same  d i s a d v a n t a g e   as  with  the  fixed  shoes  occurs,  and  the  

e f f e c t s   by  use  of  the  r o l l e r   shoes  10  are  not  ob ta inab le .   F u r t h e r m o r e ,  

when  the  length  of  the  r o l l e r   shoe  10  is  made  s u b s t a n t i a l l y   equal  to 



that   of  the  f ixed  shoe,  an  i n s u f f i c i e n t   mechanical  s t reng th   of  a  s h a f t  

to  a  t h r u s t   force  a c t i n g   on  the  r o l l e r   shoe  10  occurs,  so  that  the  

p r o v i s i o n   of  back-up  r o l l s   12  is  r e q u i r e d .  

The  p re sen t   i n v e n t i o n   has  as  its  object  the  provis ion  of  a  c r o s s  

h e l i c a l   r o l l i n g   mi l l ,   wherein  a  shel l   under  the  ro l l ing   is  s t a b l y  

suppor ted   by  a  c o n s t r u c t i o n   rendered  compact  in  s ize,   so  that  a  smooth 

r o l l i n g   can  be  a c h i e v e d .  

DISCLOSURE  OF  THE  INVENTION 

To  th i s   end,  in  a  cross   h e l i c a l   ro l l ing   mil l ,   wherein  work  r o l l s  

each  having  an  i n l e t   i n t e r f a c i a l   angle  and  an  ou t l e t   i n t e r f a c i a l   ang le  

are  i n c l i n e d l y   d i sposed   at  a  p rede te rmined   lead  angle,   a  pair  of  d r i v e  

r o l l e r   shoes  being  d r i v a b l e   and  each  having  an  inlet   i n t e r f a c i a l   ang le  

and  an  o u t l e t   i n t e r f a c i a l   angle  are  inc l ined ly   disposed  at  p o s i t i o n s  

a d j a c e n t   work  r o l l s   in  a  manner  to  give  a  predetermined  lead  a n g l e .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g . l   is  a  f ron t   view  showing  fixed  shoes  in  a  cross  h e l i c a l  

r o l l i n g   M i l l ;  

Fig.2  is  a  side  view  showing  the  fixed  shoe  in  Fig.1  taken  o u t ;  

Fig.3  is  a  s e c t i o n a l   view  taken  along  the  line  III-  III  in  F i g . 2 ;  

Fig.4  is  a  p a r t i a l l y   broken  away  front  view  showing  the  disc  shoes  

in  a  cross   h e l i c a l   r o l l i n g   m i l l ;  

Fig.5  is  a  f ront   view  showing  the  r o l l e r   shoes  in  a  cross  h e l i c a l  

r o l l i n g   m i l l ;  

Fig .8   is  a  s ide  view  showing  an  embodiment  of  the  cross  h e l i c a l  

r o l l i n g   mill  a cco rd ing   to  the  p resen t   i n v e n t i o n ;  

Pig.7  is  a  f ront   view  showing  the  condi t ions   of  ro l l ing   by  the  

cross   h e l i c a l   r o l l i n g   m i l l ;  

Fig.8  is  a  char t   showing  the  r e l a t i o n s h i p   between  the  shoe  gap  and 



the  r e a c t i o n   force  a c t i n g   on  the  shoe ;  and 

FigS.  is  a  char t   showing  the  r e l a t i o n s h i p   between  t angen t i a l   f o r c e /  

shoe  r e a c t i o n   fo rce ,   the  rate   of  occurrence  of  s t i c k e r s   and  the  rate  o f  

occur rence   of  f l a r e s .  

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

D e s c r i p t i o n   will   hereunder   be  given  of  one  embodiment  of  t he  

p re sen t   i nven t ion   with  r e fe rence   to  the  d rawings .  

Fig.6  is  a  side  view  showing  an  embodiment  of  the  cross  h e l i c a l  

r o l l i n g   mill  a cco rd ing   to  the  present   invent ion  and  Fig.7  is  a  f r o n t  

view  showing  the  c o n d i t i o n s   of  ro l l ing   by  the  cross  he l i ca l   r o l l i n g  

m i l l .  

In  th is   cross  h e l i c a l   ro l l ing   mil l ,   two  work  ro l l s   21  are  d i s p o s e d  

in  the  r igh t   and  l e f t   s ides   and  a  plug  23  supported  by  a  plug  bar  22  i s  

i n t e r p o s e d   between  the  both  work  ro l l s   21.  Each  of  the  work  ro l l s   21 

has  an  i n l e t   i n t e r f a c i n g   angle  and  an  ou t l e t   i n t e r f a c i n g   a n g l e ,  

i n c l i n e d l y   d i sposed   at  a  lead  angle  of  10  °  to  12°  for  example,  and 

makes  a  b i l l e t   25  on  a  through  24  advanceable  in  the  axial  d i r e c t i o n   in  

a  s t a t e   of  being  r o t a t a b l e   in  the  c i r c u m f e r e n t i a l   d i r e c t i o n .  

A d d i t i o n a l l y ,   the  b i l l e t   25  on  the  through  24  being  in  a  s t a te   of  b e i n g  

guided  on  a  cannon  26,  is  pushed  by  a  pusher  27  to  be  b i t t e n   into  a 

space  between  the  both  work  rol ls   21. 

Then,  d r i v e - r o l l e r   shoes  28  are  located  at  two  pos i t ions   in  the  

v e r t i c a l   d i r e c t i o n   between  the  both  work  ro l l s   21.  Each  of  the  d r i v e -  

r o l l e r   shoe  28  has  an  i n l e t   i n t e r f ac ing   angle,  at  which  the  o u t e r  

d iameter   of  the  shoe  is  reduced  from  the  ax i a l ly   cent ra l   por t ion  to  the  

i n l e t   end  t h e r e o f ,   and  an  ou t l e t   i n t e r f a c i n g   angle,   at  which  the  o u t e r  

d iameter   of  the  shoe  is  reduced  from  the  ax i a l ly   cent ra l   por t ion  to  the  

o u t l e t   end  t h e r o f .  



F u r t h e r m o r e ,   the  cen te r   axis  of  each  d r i v e - r o l l e r   shoe  28  i s  

i n c l i n e d l y   d i sposed   at  a  predetermined  lead  angle  of  3°  to  4  f o r  

example,  to  the  axia l   d i r e c t i o n   of  a  shell   29,  so  that  t he  

c i r c u m f e r e n t i a l   s u r f a c e   of  the  d r i v e - r o l l e r   shoe  28  can  obtain  a 

component  of  speed  of  the  shell   29  in  the  proceeding  d i r e c t i o n   t h e r e o f .  

The  r e s u l t s   of  exper iments   show  tha t ,   when  the  lead  angle  of  the  

shoe  is  less  than  3  °  ,   d i sadvantageous   phenomena  such  as  a  s t i cke r   tend 

to  occur ,   however,  when  the  lead  angle  is  3  °  or  more,  t he  

d i s a d v a n t a g e s   are  swept  away.  Therefore ,   the  larger  the  lead  a n g l e  

becomes,  the  b e t t e r   the  e f f i c i e n c y   of  p i e rc ing   work  becomes.  Thus,  t he  

b e t t e r   r e s u l t s   can  be  brought  about.  However,  the  space  for  use  shou ld  

be  l imi ted   and  the  lead  angle  should  n a t u r a l l y   be  r e s t r i c t e d .   In  the  

p r a c t i c a l   use,  the  l a r g e s t   lead  angle  should  be  used  as  far  as  t he  

s t r e n g t h   c o n d i t i o n   p e r m i t s .  

F u r t h e r m o r e ,   s i m i l a r l y   to  the  work  roll  21,  the  d r i v e - r o l l e r   shoe 

28  has  the  i n l e t   i n t e r f a c i a l   angle  and  the  ou t le t   i n t e r f a c i a l   a n g l e ,  

whereby,  the  she l l   29  is  prevented  from  comming  into  contact   with  the  

d r i v e - r o l l e r   shoe  28  at  the  same  pos i t ion   pr ior   to  the  work  r o l l  

21,  so  that   the  occu r r ence   of  the  s t i cke r   phenomena  can  be  s u p p r e s s e d .  

F u r t h e r m o r e ,   the  d r i v e - r o l l e r   shoe  28  is  inc l ined ly   disposed  at  t he  

p r e d e t e r m i n e d   lead  angle ,   hereby  the  occurrence  of  s l ip   phenomena  become 

less  than  10  %.  Thus,  the  rate  of  occurrence  of  s l ip   phenomena  is  low 

as  compared  with  the  convent iona l   fixed  shoe  and  disc  shoe,  whereby  t he  

e f f i c i e n c y   of  p i e r c i n g   work  is  improved,  so  that  a  cycle  time  can  be 

s h o r t e n e d .   The  ra te   of  occurrence  of  s l ip   phenomena  less  than  10  % 

r e s u l t   in  l i t t l e   occu r r ence   of  s l ip   phenomena  and  improved  service  l i f e  

of  the  shoes .   A d d i t i o n a l l y ,   the  shell  29  is  ob ta inable   without  the  

su r f ace   of  the  she l l   29  being  damaged  by  the  d r i v e - r o l l e r   shoe  28. 



Fur the rmore ,   in  the  a f o r e s a i d   cross  he l ica l   r o l l i ng   mil l ,   the  d r i v e  

r o l l e r   shoes  28  are  i n s t a l l e d   in  such  a  manner  as  will  be  d e s c r i b e d  

hereunder .   More  s p e c i f i c a l l y ,   a  s ec t ion ,   where  the  d r i v e - r o l l e r   shoes  

28  are  i n s t a l l e d ,   is  i n t e rposed   by  the  work  ro l l s   21,  on  the  in le t   s i d e  

the  s e c t i o n ,   there   are  provided  a  cannon  26,  un iversa l   j o in t s   f o r  

d r i v i n g   the  work  r o l l s ,   and  the  l ike,   and,  on  the  ou t l e t   side  of  the  

s e c t i o n ,   there  are  provided  a  plug  23,  a  plug  bar  support  and  the  l i k e ,  

so  that  the  space  is  much  l imi ted .   In  consequence,  it  is  very  d i f f i c u l t  

to  i n s t a l l   the  d r i v e - r o l l e r   shoes  28  and  the  d r iv ing   devices  in  such 

l imi ted   space  as  d e s c r i b e d   above.  However,  when  the  worn  por t ions   of 

the  fixed  shoes  used  at  p resen t   were  surveyed,  it  was  recognized  t h a t  

the  p o r t i o n s   of  the  f ixed  shoe  d i r e c t l y   brought  into  contact   with  the  

shel l   were  c o n s i d e r a b l y   narrow  as  shown  in  Fig.2.   More  s p e c i f i c a l l y , a s  

i n d i c a t e d   by  L  in  F ig .2 ,   the  minimum  e s s e n t i a l   length  of  the  guide  shoe 

may  be  about  2/3  of  a  length  which  has  he re to fo re   been  required  of  the  g 

uide  shoe  even  when  the  wall  thickness   of  the  shell   is  small.  As  the 

length  of  the  d r i v e - r o l l e r   shoe  28  is  shor tened,   even  a  small  d i a m e t e r  

shaf t   has  a  s a t i s f a c t o r y   bending  s t r e n g t h ,   whereby  the  back-up  ro l l s   f o r  

the  d r i v e - r o l l e r   shoes  as  shown  in  Fig.5  may  be  dispensed  with,  t he  

bea r ings   are  rendered  compact  in  size  and  a  specious  p o s i t i o n a l  

r e l a t i o n s h i p   with  the  cannon  26  on  the  in le t   side  is  permi t ted ,   so  t h a t  

the  d r i v i n g   is  f a c i l i t a t e d .   Furthermore,   as  the  d r i v e - r o l l e r   shoes  28 

are  connected  to  the  u n i v e r s a l j o i n t s   30,  no  specious  p o s i t i o n a l  

r e l a t i o n s h i p   with  the  cannon  26  is  allowed.  In  consequence,  if  the  

d iameter   of  hole  of  the  cannon  26  is  set  as  small  as  the  b i l l e t   25  can 

hardly  pass  t h e r e t h r o u g h   and  the  por t ions   of  the  cannon  28  app roach ing  

the  u n i v e r s a l   j o i n t s   30  are  decreased  in  wall  t h i ckness ,   then  the  cannon 

28  and  the  u n i v e r s a l   j o i n t s 3 0   can  be  prevented  from  i n t e r f e r i n g   w i t h  



each  o t h e r .  

A  sha f t   44  of  the  d r i v e - r o l l e r   shoe  28  is  fixed  by  bearing  32  and 

suppor t   33,  and  a  wedge  43  is  fixed  by  a  bolt  41  so  that  a  base  43  of  

the  suppor t   33  can  be  e a s i l y   detached.  A  screwshaft   45  is  rota ted  by  a 

h y d r a u l i c   motor  39  to  move  a  tapered  base  37,  whereby  a  lower  frame  35 

is  v e r t i c a l l y   moved,  so  that   a  pos i t ion   of  the  top  surface  of  the  d r i v e -  

r o l l e r   shoe  28  can  be  f i ne ly   ad jus ted .   Furthermore,   the  looking  a f t e r  

the  ad jus tmen t   is  e f f e c t e d   by  hydrul ic   cy l inders   42  (two  s e t ) .  

The  d r i v e - r o l l e r   shoe  28  is  forcedly  d r ivab le   by  a  dr iv ing  d e v i c e ,  

e .g.   a  h y d r a u l i c   motor  31  through  the  universa l   jo int   30.  The  d r i v i n g  

device  may  be  an  e l e c t r i c   motor .  

D e s c r i p t i o n   will   hereunder   be  given  of  act ion  of  the  above 

embodiment .  

The  b i l l e t   25  on  the  trough  24  is  pushed  by  the  pusher  27  to  be 

b i t t e n   into  the  space  between  the  both  work  ro l l s   21,  f u r t he r ,   impinges 

on  the  plug  23,  p i e rced   and  ro l led .   The  shell  29  thus  pierced  and 

ro l l ed   is  f l a r e d   and  cones  into  abut t ing   contact   with  the  upper  and  the  

lower  d r i v e - r o l l e r   shoes  28.  Then,  the  d r i v e - r o l l e r   shoes  28  a r e  

fo rced ly   d r iven   at  a  speed  f a s t e r   than  the  c i r c u m f e r e n t i a l   speed  of  the  

work  r o l l s   21.  In  consequence ,   even  when  the  shell   29  has  a  thin  wall  

t h i c k n e s s ,   the  she l l   29  does  not  run  into  the  space  between  the  d r i v e -  

r o l l e r   shoes  28  and  the  work  ro l l s   21,  whereby  no  s t i ck   phenomenon  i s  

caused.   More  s p e c i f i c a l l y ,   ingenera l ,   the  rol led  shell  29  is  drawn  in  a 

d i r e c t i o n   t a n g e n t i a l   to  the  work  roll  21  and  tends  to  run  into  the  space 

between  the  work  r o l l s   21  and  the  d r i v e - r o l l e r   shoes  28.  However,  the  

d r i v e - r o l l e r   shoes  28  are  r o t a t i n g   at  a  speed  somewhat  f as te r   than  the  

c i r c u m f e r e n t i a l   speed  of  the  work  roll  21,  whereby  the  shell   29  comes 

into  a b u t t i n g   c o n t a c t   with  the  drive  ro l l e r   shoes  28.  Due  to  the  



f r i c t i o n   gene ra t ed   between  the  shell   29  and  the  d r i v e - r o l l e r   shoes  28  a t  

th is   time,  the  speed  of  the  shell  29  does  not  reach  the  c i r c u m f a r e n t i a l  

speed  of  the  d r i v e - r o l l e r   shoe  28,  and,  rather  the  c i r c u m f e r e n t i a l   speed 

of  the  shoes  28  comes  down  to  equal  to  the  speed  of  the  shell   29. 

However,  the  shoes  28  are  r o t a t i n g   at  a  speed  fas te r   than  the  shell   29, 

the  t a n g e n t i a l   forces   of  the  shoes  draw  the  shell   29.  By  th is ,   the  

she l l   is  brought  to  the  opposi te   side,   i .e .   the  side  of  the  work  r o l l s  

21,  so  that  the  smooth  r o l l i n g   can  be  e f f ec t ed .   By  th is ,   it  becomes 

p o s s i b l e   to  avoid  that   the  conventional   shell  runs  into  the  space  

between  the  work  r o l l s   and  the  shoes  to  cause  the  s t i cke r   phenomenon 

which  stops  the  r o l l i n g .   Since  the  front  por t ion   of  the  ta i l   end  of  the  

shel l   has  been  r o l l e d ,   a  force  in  the  axial   d i r e c t i o n   of  the  shell   does 

not  act  t he reon ,   a c c o r d i n g l y   the  s t r e s s   in  the  c i r c u m f e r e n t i a l   d i r e c t i o n  

is  high,  the  d iameter   of  the  shell  tends  to  increase ,   the  shell  i s  

l i a b l e   to  run  into  the  space,   and  the  f l a r i ng   tends  to  occur.  The 

r e s u l t s   of  exper iments   prove  that  there  is  a  predetermined  r e l a t i o n s h i p  

between  the  occur rence   of  s t i c k e r s ,   the  occurrence  of  f l a res   and 

t a n g e n t i a l   f o r c e / s h o e   r e a c t i o n   f o r c e .  

Here,  the  r e a c t i o n   force  means  a  p ress ing   force  by  the  shell   in  a 

d i r e c t i o n   i n d i c a t e d   by  A  in  Fig.7,   the  t angen t i a l   force  is  a  f r i c t i o n a l  

force  between  the  she l l   and  the  ro l l e r   shoes,  defined  by  the  radius  of 

t o r q u e / r o l l e r   shoe,  namely  a  force  in  a  d i r e c t i o n   ind ica ted   by  B  in  F i g .  

7. 

The  r e s u l t s   of  exper iments   show  tha t ,   as  clear  form  Fig .9 ,   i f  

t a n g e n t a l   f o r c e / s h o e   r e a c t i o n   force  exceeds  3  X,  then  the  rate  o f  

occur rence   of  s t i c k e r s   and  the  rate  of  occurrence  of  f l a res   are  r a p i d l y  

d e c r e a s e .  

As  has  been  d e s c r i b e d   hereinabove,   in  the  cross  he l i ca l   r o l l i n g  



mill  a c c o r d i n g   to  the  p re sen t   invent ion ,   the  d r i v e - r o l l e r   shoes  be ing  

d r i v a b l e   and  each  having  the  in le t   i n t e r f a c i a l   angle  and  the  o u t l e t  

i n t e r f a c i n g   angle  are  i n c l i n e d l y   disposed  at  pos i t ions   adjacent   the  work 

r o l l s   at  a  p r e d e t e r m i n e d   lead  angle.  In  consequence,  the  cross  h e l i c a l  

r o l l i n g   m i l l ,   having  a  c o n s t r u c t i o n   rendered  compact  in  s ize ,   can  s t a b l y  

suppor t   the  she l l   under  the  ro l l i ng   to  e f fec t   the  smooth  r o l l i n g .  

F u r t h e r m o r e ,   the  p re sen t   invention  is  very  eas i ly   app l i cab le   to  the  

e x i s t i n g   cross   h e l i c a l   r o l l i n g   mi l l s ,   whereby  the  amount  of  i n i t i a l  

i n v e r s t m e n t   can  be  reduced,   thus  proving  highly  economica l .  



1 .  A  cross  h e l i c a l   ro l l ing   mill ,   wherein  work  ro l l s   each  having  an 

i n l e t   i n t e r f a c i n g   angle  and  an  ou t le t   i n t e r f a c i n g   angle  are  i n c l i n e d l y  

d isposed   at  a  p r e d e t e r m i n e d   lead  angle,  c h a r a c t e r i z e d   in  that  a  pair  of 

d r i v e - r o l l e r   shoes  being  d r ivab le   and  each  having  an  in le t   i n t e r f a c i n g  

angle  and  an  o u t l e t   i n t e r f a c i n g   angle  are  inc l ined ly   disposed  a t  

p o s i t i o n s   a d j a c e n t   said  work  ro l l s   in  a  manner  to  give  a  p r ede t e rmined  

lead  a n g l e .  

2 .   A  cross  h e l i c a l   ro l l ing   mill  as  set  forth  in  claim  1,  wherein  

said  lead  angle  of  the  drive  ro l l e r   shoe  is  set  at  3°  or  more. 

3 .   A  cross  h e l i c a l   ro l l ing   mill  as  set  forth  in  claim  1,  where in  

said  drive  r o l l e r   shoes  are  forcedly  driven  at  a  r o t a t i ona l   speed 

f a s t e r   than  the  c i r c u m f e r e n t i a l   speed  of  said  work  r o l l s .  

4 .   A  cross  h e l i c a l   ro l l ing   mill  as  set  forth  in  claim  1,  wherein  

the  fo rced ly   d r i v i n g   force  of  said  drive  ro l l e r   shoes  is  set  at  a  va lue  

in  which  the  t a n g e n t i a l   force  to  said  shell   of  said  shoe  is  3  %  or  more 

of  the  r e a c t i o n   force  of  said  shoe.  
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