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erial  therethrough. 



The  p re sen t   i nven t ion   r e l a t e s   to  a  s p i n n e r e t   p l a t e  

provided  with  a  sp inning   nozzle  which  is  most  s u i t a b l y   employed 
in  melt  sp inning   such  as  the  spinning  of  p i tch   carbon  f i b e r s .  

H i t h e r t o ,   the  spinning  of  m a t e r i a l s   such  as  pi tch  has  

been  c a r r i e d   out  using  a  sp inne re t   p la te   with  a  p l u r a l i t y   o f  

nozzle   holes  formed  t h e r e i n   and  arranged  in  c i r c u m f e r e n t i a l  

rows  around  the  c e n t e r   of  the  p l a t e .   In  order  t o  

s a t i s f a c t o r i l y   m e l t - s p i n   a  f ine  f i b e r   over  a  long  per iod   o f  

t ime,   it   is  impor tant   t h a t   each  nozzle  hold  p rovided   in  t h e  

s p i n n e r e t   p l a t e   should  be  s u f f i c i e n t l y   small  and  have  a  smooth 

inner   s u r f a c e   and  a  uniform  inner  d iamete r ,   i . e . ,   a  u n i f o r m  

aspec t   r a t i o .  

In  the  manufac tu re   of  such  a  s p i n n e r e t   p l a t e   t h e  

nozzle   holes  are  g e n e r a l l y   formed  by  boring  through  a  n o z z l e  

p l a t e   using  a  d r i l l   or  an  e l e c t r o n   beam.  The  method  in  which 

bor ing  is  e f f e c t e d   using  a  d r i l l ,   however,  e n c o u n t e r s   v a r i o u s  

problems  as  the  nozzle  hole  diameter   d e c r e a s e s .   The  f i r s t   o f  

the  problems  is  tha t   it  is  d i f f i c u l t   to  machine  the  n o z z l e  

holes   to  a  high  degree  of  accuracy.   More  s p e c i f i c a l l y ,   t h e  

d r i l l   i t s e l f   has  a  t endency   to  o s c i l l a t e   when  r o t a t i n g .   In  

a d d i t i o n ,   when  d r i l l i n g   the  nozzle  p l a t e ,   the  d r i l l   o s c i l l a t e s  

o w i n g  t o   d r i l l i n g   r e s i s t a n c e ,   r e s u l t i n g   in  a  hole  which  had 

d i f f e r e n t   d iameters   at  the  s t a r t   of  d r i l l i n g   and  the  end  o f  

d r i l l i n g ,   as  shown  in  Fig.  1.  Moreover,  as  the  d r i l l   d i a m e t e r  

is  r educed ,   the  edge  of  the  d r i l l   blunts   f a s t e r ,   r e s u l t i n g   in  a 

marked  r e d u c t i o n   in  d r i l l i n g   c apac i t y .   It  is  imposs ib le   t o  

gr ind   t h e  e d g e   of  such  a  s m a l l - d i a m e t e r   d r i l l ;   hence,  it  i s  

n e c e s s a r y   to  r ep l ace   the  d r i l l   f r e q u e n t l y .   In  a d d i t i o n ,   t h e  

f r e q u e n c y   with  which  the  d r i l l   breaks  i n c r e a s e s ,   which  not  o n l y  

lowers  the  d r i l l i n g   e f f i c i e n c y ,   but  also  i n c r e a s e s   the  cost  o f  

m a n u f a c t u r i n g   the  s p i n n e r e t   p l a t e .  

The  e l e c t r o n   beam  method  has  been  proposed  in  order  t o  

overcome  these  d i s a d v a n t a g e s   with  the  boring  method  using  a 

d r i l l .   This  method,  however,  has  the  d i s a d v a n t a g e   tha t   t h e  



e l e c t r o n   beam  remains   i n s i d e   the  hole  during  the  boring  to  f o r m  

a  hole  whose  inner   pa r t   is  expanded,  as  shown  in  Fig.  2,  so  
tha t   a  nozzle   with  such  a  hole  would  degrade  the  o r i e n t a t i o n   o f  

the  f i b e r .  

Summary  of  the  I n v e n t i o n  

A c c o r d i n g l y ,   i t   is  a  primary  ob jec t   of  the  i n v e n t i o n  

to  provide   a  s p i n n e r e t   p l a t e   which  has  a  p l u r a l i t y   of  n o z z l e s ,  

each  with  a  smooth  inner  su r face   as  well  as  a  uniform  h o l e  

d iameter   so  t h a t   i t   is  able  to  spin  a  f ine   f i b e r ,   such  as  a 

p i tch   carbon  f i b e r ,   over  a  long  per iod  of  t i m e .  

It  is  a n o t h e r   ob jec t   of  the  i nven t ion   to  provide   a  

method  of  m a n u f a c t u r i n g   a  s p i n n e r e t   p l a t e   which  makes  i t  

p o s s i b l e   to  manu fac tu r e   a  s p i n n e r e t   p l a t e   provided  with  a 

p l u r a l i t y   of  n o z z l e s ,   each  with  a  smooth  inner  su r f ace   as  w e l l  

as  a  uniform  hole  d i a m e t e r ,   at  an  ex t remely   high  accuracy  and  a 

high  e f f i c i e n c y   w i th in   a  shor t   per iod  of  t i m e .  

The  s p i n n e r e t   p l a t e   comprises  a  metal  nozzle  p l a t e  

having  at  l e a s t   one  hole  formed  t h e r e i n   and  a  metal  hollow  t u b e  

or  pipe  press   f i t   mounted  in  said  hole.   The  upper  and  lower  

ends  of  the  pipe  are  shaped  to  conform  to  the  i n l e t   and  o u t l e t s  

of  the  nozz le   p l a t e .   The  press  f i t t i n g   procedure   may  be  

achieved  by  h e a t i n g   the  nozzle  p l a t e ,   p r e f e r a b l y   composed  o f  

s t e e l ,   i n s e r t i n g   the  hollow  pipe,   also  p r e f e r a b l y   composed  o f  

s t e e l ,   into  the  ho le ,   and  t h e r e a f t e r   cool ing   the  p l a t e   t h e r e b y  

producing  a  pipe  p ress   f i t   mounted  in  the  nozzle  p l a t e   h o l e .  

Br ie f   D e s c r i p t i o n   of  the  Drawings 

F i g u r e s   1  and  2  i l l u s t r a t e   in  cross   s ec t ion   n o z z l e s  

p repared   in  a cco rdance   with  p r io r   a r t   t e c h n i q u e s .  

F igu re s   3-5  i l l u s t r a t e   in  v e r t i c a l   cross  s e c t i o n  
d i f f e r e n t   embodiments  of  s p i n n e r e t   p l a t e s   of  the  p r e s e n t  
i n v e n t i o n ,   with  the  same  r e f e r e n c e   numerals  r e p r e s e n t i n g  
c o r r e s p o n d i n g   p a r t s   in  the  embodiments .  



Figures  6-8  are  drawings  i l l u s t r a t i n g   the  s e q u e n t i a l  

p r e p a r a t i o n   of  the  s p i n n e r e t   p la tes   of  the  embodiments  shown  in  

Figs.   3 - 5 .  

Desc r ip t i on   of  the  P r e f e r r e d   Embodiments  of  the  I n v e n t i o n  

A  s p i n n e r e t   p l a t e   1  cons t ruc ted   in  accordance  with  t h e  

present   invent ion   in  the  embodiment  shown  in  Fig.  3,  c o m p r i s e s  

a  nozzle  p la te   2  of  a  predetermined  t h i c k n e s s ,   and  a  ho l low 

tube  or  pipe  4  of  a  des i red   diameter  which  is  mounted  in  o r  
a t tached   to  the  nozzle  p la te   2  by  press  f i t t i n g   or  the  l i k e ,  

into  a  hole  formed  in  the  p l a t e .   The  i n t e r i o r   of  the  pipe  4 

def ines   the  nozzle  hole  for  the  s p i n n e r e t .  

P r e f e r a b l y ,   t h e  n o z z l e   p la te   2  is  made  of  a  s t a i n l e s s  

s tee l   p la te   (SUS  304),  and  t y p i c a l l y   has  a  t h i ckness   of  4  mm 

when  melt  spinning  pi tch  carbon  f i b e r s   or  the  l ike .   The  ho l low 

pipe  4  may  also  be  made  of  a  s t a i n l e s s   s tee l   and,  by  way  o f  

example,  may  have  the  fo l lowing  s izes :   inner  diameter   of  0 . 5 5  

mm  and  an  outer  d iameter   of  1.5  mm.  In  a d d i t i o n ,   al though  t h e  

nozzle  holes  formed  by  the  hollow  pipes  4  can  be  disposed  i n  

any  des i red  ar rangement ,   they  p r e f e r a b l y   are  arranged  in  one  o r  

more  concen t r i c   rows  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 round 

the  center   of  nozzle  p la te   2,  when  a  melt  spinning  pi tch  c a rbon  

f i b e r s ,   for  example .  

Spinnere t   p l a t e s   la  and  lb  in  accordance  with  o t h e r  

embodiments  of  the  invent ion   are  i l l u s t r a t e d   in  Figs.   4  and  5.  

In  the  sp inne re t   p la te   la  shown  in  Fig.  4,  the  hollow  pipe  4 

mounted  in  nozzle  p la te   2,  the  pipe  4  does  extend  through  t h e  

en t i r e   th ickness   of  the  nozzle  p la te   2,  but  is  provided  t h r o u g h  

s u b s t a n t i a l   por t ion   ( e . g . ,   about  half)  of  the  t h i c k n e s s   of  t h e  

nozzle  p la te   2  on  the  ou t l e t   side  t h e r e o f .   An  e n l a r g e d ,  

tapered  in le t   6  in  the  upstream  side  of  the  nozzle  p la te   2 

guides  the  molten  spinning  mater ial   into  the  nozzle  h o l e  

defined  by  the  hollow  pipe  4. 

The  sp inne re t   plate   lb  shown  in  Fig.  5  has  a  s t r u c t u r e  

s u b s t a n t i a l l y   s imi l a r   to  that   of  the  sp inne re t   p la te   la  of  F i g .  

4.  The  sp innere t   p la te   lb,  however,  d i f f e r s   from  the  s p i n n e r e t  



p l a t e   la  in  t h a t   the  hollow  pipe  4  p r o j e c t s   s l i g h t l y   beyond  t h e  

o u t l e t   s u r f a c e   of  the  nozzle  p l a t e   2  so  as  to  form  a  p r o j e c t i n g  

nozz le .   The  s p i n n e r e t   p l a t e   lb  with  such  a  p r o j e c t i n g   n o z z l e  

p rov ides   an  e x c e l l e n t   s h e d d i n g   e f f e c t   between  the  mo l t en  

spinning  m a t e r i a l   and  the  s p i n n e r e t   p l a t e .   In  order  t o  

r e i n f o r c e   the  p r o j e c t i n g   par t   of  the  hollow  pipe  4  on  t h e  

o u t l e t   s ide   of  the  nozzle  p l a t e   2,  it  is  p r e f e r a b l e   to  s e c u r e  

the  p r o j e c t i n g   par t   to  the  nozzle  p la te   2  by  forming  b r a z e d  

r e i n f o r c i n g   s h o u l d e r s   8 .  

S p i n n e r e t   p l a t e s   1,  la,  and  1b  may  be  manufactured  by 

p rocesses   which  wil l   be  desc r ibed   with  r e f e rence   to  t h e  

s e q u e n t i a l   drawings  of  Fig.  6,  7  and  8 .  

R e f e r r i n g   f i r s t   to  Fig.  6,  the  nozzle  p la te   2  i s  

provided  with  a  p r e l i m i n a r y   hole  4'  bored  at  the  p o s i t i o n   a t  

which  the  sp inn ing   nozzles   is  to  be  formed,  as  i l l u s t r a t e d   i n  

6 (a ) .   The  hollow  pipe  4  is  p r e s s - f i t t e d   into  the  prepared  h o l e  

4 ' ,   as  i l l u s t r a t e d   in  6(b) .   The  p r e s s - f i t t i n g   opera t ion   may  be  

c a r r i e s   out  as  f o l l o w s .   When  a  s t a i n l e s s   s t ee l   pipe  with  an 

outer   d i amete r   of  1.5  mm  and  an  inner  d iameter   of  0.55  mm,  f o r  

example,  is  employed  as  the  hollow  pipe  4,  the  p r e l i m i n a r y   h o l e  

4'  is  f i n i s h e d   so  as  to  have  an  inner  diameter   of  1.5  mm,  and 

the  nozzle  p l a t e   2  is  heated  to  between  150  and  300°C  t o  

expand  the  hole  s l i g h t l y .   The  hollow  pipe  4  is  maintained  a t  

room  t e m p e r a t u r e ,   or  is  cooled  at  lower  t empera ture   and  i s  

i n s e r t e d   into  the  p r e l i m i n a r y   hole  4 ' ,   and  then  the  n o z z l e  

p l a t e   2  is  cooled  r e s u l t i n g   in  an  i n t e r f e r e n c e   f i t .  

Subsequen t l y ,   if  the  hollow  pipe  4  p r o j e c t s   from  the  n o z z l e  

p l a t e   2,  the  p r o j e c t i n g   pa r t s   of  the  hollow  pipe  4  are  ground 
so  that   the  end  of  the  hollow  pipe  4  is  f lush   with  the  uppe r  
and  lower  s u r f a c e s   of  the  nozzle  p l a t e   2,  as  i l l u s t r a t e d   in  

6 ( c ) .  

Fig.  7  i l l u s t r a t e s   the  method  of  manufacturing  t h e  

s p i n n e r e t   p l a t e   of  Fig.  4.  In  t h i s  embod imen t ,   the  p r e l i m i n a r y  

hole  i l l u s t r a t e d   in  7(a)  formed  in  the  nozzle  plate   2  may  be 

formed:  by  d r i l l i n g   a  s m a l l - d i a m e t e r   part  4'  through  the  p l a t e  
2  and  then  e n l a r g i n g   the  i n l e t   side  of  the  hole  at  4 ' ' '   and 

t a p e r i n g   the  s ec t i on   between  4'  and  4 ' ' '   forming  t r a n s i t i o n  



sec t ion   4 " .   The  hollow  pipe  4  is  p r e s s - f i t t e d   into  t h e  

s m a l l - d i a m e t e r   par t   4  of  the  p r e l i m i n a r y   hole  in  the  same   way 
as  above  method  descr ibed   with  r e f e r e n c e   to  Fig.  6,  r e s u l t i n g  

in  the  assembly  i l l u s t r a t e d   in  7(b) .   The  part   of  the  h o l l o w  

pipe  4  p r o j e c t i n g   upward  f rom the   s m a l l - d i a m e t e r   part  41  of  t h e  

p r e l i m i n a r y   hole  is  then  expanded  toward  the  t r a n s i t i o n   part   4" 

of  the  p r e l i m i n a r y   hole  to  bring  it  into  c lose  contac t   with  t h e  

wall  su r f ace   of  the  t r a n s i t i o n   part   4"  (see  Fig.  7 ( c ) ) .   Then 

the  part   of  the  hollow  pipe  4  p r o j e c t i n g   beyond  the  o u t l e t   s i d e  

of  the  nozzle   p l a t e   2  is  ground  so  tha t   the  end  of  the  ho l l ow  

pipe  4  is  f lush   with  the  su r face   of  the  nozzle  p la te   2.  In 

a d d i t i o n ,   if  d e s i r e d ,   the  part   of  the  hollow  pipe  4  in  c l o s e  

con tac t   with  the  t r a n s i t i o n   part   4'"  of  the  p r e l i m i n a r y   h o l e  

can  be  ground  by-a  spec ia l   t ip   to  provide  a  smoother  t r a n s i t i o n  

from  s ec t i on   4'"  to  the  passage  in  nozzle  4.  Thus,  t h e  

l a r g e - d i a m e t e r   part   4'"  and  the  t r a n s i t i o n   part  4"  i n  

combinat ion  form  the  i n l e t   hole  6  as  i l l u s t r a t e d   in  7 ( d ) .  

Fig.  8  i l l u s t r a t e s   the  method  of  manufactur ing  t h e  

s p i n n e r e t   p l a t e   lb  with  a  p r o j e c t i n g   nozzle.   The  step  o f  

machining  the  p r e l i m i n a r y   hole  in  the  nozzle  p la te   2  and  t h e  

step  of  p r e s s - f i t t i n g   the  hollow  pipe  (see  Figs.   8a  and  8 b ,  

r e s p e c t i v e l y )   are  s imi l a r   to  those  desc r ibed   with  r e f e r e n c e   t o  

Fig.  7.  This  method  d i f f e r s   from  the  previous   method  only  i n  

tha t   the  hollow  pipe  4  p r o j e c t s   f u r t h e r   beyond  the  o u t l e t   s i d e  

of  the  nozzle   p l a t e   2.  The  upper  end  of  the  thus  p r e s s - f i t t e d  

hollow  pipe  4  is  expanded  toward  the  t r a n s i t i o n   par t   of  t h e  

p r e l i m i n a r y   hole.   In  a d d i t i o n ,   brazing  8  is  appl ied  to  t h e  

outer  p e r i p h e r a l   por t ion   of  the  p r o j e c t i n g   part   of  the  ho l low 

pipe  4  (see  Fig.  8c).  This  brazing  ope ra t i on   may  be  e f f e c t e d  

by  a  c o n v e n t i o n a l   method,  e . g . ,   by  heat ing  in  an  e l e c t r i c  

fu rnace .   Upon  the  complet ion  of  the  brazing  o p e r a t i o n ,   b o t h  

the  part   of  the  hollow  pipe  p r o j e c t i n g   from  the  o u t l e t   side  o f  

the  nozzle  p l a t e   2  and  the  brazed  par t   of  the  hollow  pipe  4  a r e  

ground  to  a  p rede te rmined   c o n f i g u r a t i o n .   F i n a l l y ,   if  d e s i r e d ,  

the  part  of  the  hollow  pipe  4  in  close  contact   with  t h e  

t r a n s i t i o n   part   of  the  prepared  hole  can  be  ground  by  a  s p e c i a l  

t ip  to  cut  off  the  bent  part  forming  the  p la te   lb  i l l u s t r a t e d  



in  8 d .  

The  p r e sen t   inven t ion   thus  p rov ides   sp inning   nozzle  a 

ready-made   hollow  pipe  which  has  e x c e l l e n t   roundness   and 

s t r a i g h t n e s s .   Therefore   it  is  p o s s i b l e   to  provide  an  a c c u r a t e  

s p i n n e r e t   p l a t e   which  has  a  sp inning  nozzle  with  an  e x t r e m e l y  

smooth  inner   su r f ace   and  a  uniform  aspect   r a t i o .   F u r t h e r ,  

a c c o r d i n g   to  the  i nven t ion ,   it  is  p o s s i b l e   to  provide  a 

m u l t i - n o z z l e   s p i n n e r e t   p l a t e   provided  with  a  p l u r a l i t y   of  such 

a c c u r a t e   nozz le   ho les .   The  employment -of   the  s p i n n e r e t   p l a t e  

in  a c c o r d a n c e   with  the  p re sen t   i nven t ion   makes  it  p o s s i b l e   t o  

spin  p i t c h   carbon  f i b e r s   or  the  l ike   s t a b l y   over  a  long  p e r i o d  

of  t i m e .  



1.  A  s p i n n e r e t   p l a t e   for   melt  spinning  c o m p r i s i n g  

(a)  a  nozzle   p la te   having  a  hole  formed  t he re in   and  (b)  a 

hollow  pipe  of  a  p r ede t e rmined   inner  d iameter   mounted  in  s a i d  

p l a t e   for   conduct ing  melt  sp inn ing   m a t e r i a l .  

2.  The  s p i n n e r e t   p l a t e   of  claim  1  wherein  said  p i p e  

is  press   f i t   mounted  in  said  hole  of  said  p l a t e .  

3.  The  s p i n n e r e t   p l a t e   of  claim  2  wherein  t h e  

o p p o s i t e   ends  of  the  pipe  are  f l u s h   with  the  upper  and  l o w e r  

s u r f a c e   of  the  said  nozzle  p l a t e .  

4.  The  s p i n n e r e t   p l a t e   of  c laim  2  wherein  the  p i p e  

ex tends   only  through  a  lower  p o r t i o n   of  the  nozzle  p l a t e   and 

the  hole  in  an  upper  p o r t i o n   of  the  nozzle   p la te   is  l a rge r   i n  

d i ame te r   than  the  p i p e .  

5.  A  method  of  m a n u f a c t u r i n g   a  sp inne re t   p l a t e   f o r  
melt  sp inn ing   comprising  the  s teps   of  (a)  forming  a  p r e l i m i n a r y  
hole  in  a  metal  nozzle  p l a t e ;   (b)  p r e s s - f i t t i n g   a  hollow  m e t a l  

pipe  into  said  p r e l i m i n a r y   hole ,   and  (c)  shaping  the  end  p a r t s  
of  the  hollow  pipe  p r e s s - f i t t e d   into  said  p r e l i m i n a r y   hole  i n t o  

p r e d e t e r m i n e d   c o n f i g u r a t i o n s .  

6.  The  method  as  de f ined   in  claim  5  wherein  t h e  

upper  and  lower  ends  of  the  pipe  are  shaped  to  be  f lush   w i t h  
the  upper  surface   and  lower  s u r f a c e ,   r e s p e c t i v e l y ,   of  t h e  
nozzle   p l a t e .  

7.  The  method  of  m a n u f a c t u r i n g   a  s p i n n e r e t   p l a t e   f o r  

melt  sp inn ing   according  to  claim  5,  wherein  said  p r e s s - f i t t i n g  

step  is  c a r r i e d   out  by:  hea t ing   said  nozzle  p la te   to  be tween  

150  and  300°C;  ma in t a in ing   said  hollow  pipe  at  room 

t e m p e r a t u r e   or  cool ing  it  at  a  lower  t empera tu re ;   i n s e r t i n g  

said  hollow  pipe  into  said  nozzle   p l a t e ;   and  cool ing  s a i d  

nozzle  p l a t e .  



8.  The  method  of  m a n u f a c t u r i n g   a  s p i n n e r e t   p la te   f o r  

melt  sp inn ing   accord ing   t o  c l a i m   5,  wherein  said  p r e l i m i n a r y  

hole  has  a  l a r g e - d i a m e t e r   i n l e t   pa r t   and  a  s m a l l - d i a m e t e r   p a r t ,  

and  said  hollow  pipe  is  p r e s s - f i t t e d   in to   said  s m a l l - d i a m e t e r  

p a r t .  

9.  The  method  of  m a n u f a c t u r i n g   a  s p i n n e r e t   p la te   f o r  

melt  sp inn ing   accord ing   to  claim  8,  wherein  said  hollow  p i p e  

is  p o s i t i o n e d   so  as  to  p r o j e c t   below  the  lower  surface   of  s a i d  

nozz le   p l a t e .  

10.  The  method  as  de f ined   in  claim  5  wherein  s a i d  

nozzle   p l a t e   and  said  pipe  are  made  of  s t e e l .  
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