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Powder  filling  of  electric  cables,  with  cable  vibrating  means. 

Powder  filling  of  a  cable,  or  cable  unit  (18)  is  improved 
by  passing  the  cable,  or  unit  through  a  fluidized  bed  of 
powder,  and  vibrating  or  shaking  the  cable,  or  unit  in  a 
direction  substantially  normal  to  the  direction  of  movement 
of  the  cable,  or  unit,  through  the  bed. 



This  i n v e n t i o n   r e l a t e s   to  the  powder  f i l l i n g   of  e l e c t r i c  

c a b l e s ,   for  example  c a b l e s   for   t e l e c o m m u n i c a t i o n s   and  is  p a r t i c u l a r l y  

concerned  with  the  f i l l i n g   of  c ab l e s   with  u n i t s   of  the  cab le   in  a  s u b -  

s t a n t i a l l y   c l o s e d   c o n d i t i o n .  

C o n v e n t i o n a l l y ,   the  voids  between  c o n d u c t o r s   of  a  c a b l e ,  

p a r t i c u l a r l y   a  t e l e c o m m u n i c a t i o n s   c a b l e ,   are  f i l l e d   with  a  m a t e r i a l ,   f o r  

example  g r e a s e .   Use  of  g r e a s e   is  i n c o n v e n i e n t ,   both  in  m a n u f a c t u r e   and  

in  use.  P a r t i c u l a r l y   when  the  c o n d u c t o r s   of  a  c a b l e   have  to  be  j o i n e d  

the  g rease   c r e a t e s   problems  in  o b t a i n i n g   c l e a n   j o i n t s .   It   is  a l so   messy  

and  u n p l e a s a n t .  

I t   has  been  proposed  to  f i l l   the  vo ids   a l t e r n a t i v e l y   w i t h  

a  powder,  and  in  one  method  the  i n d i v i d u a l   c o n d u c t o r s   are  passed  i n  

spaced  a p a r t   r e l a t i o n s h i p   th rough   a  f i r s t   p o s i t i o n   where  the  c o n d u c t o r s  

are  o i l ed   and  then  th rough  a  powder  a p p l i c a t o r .   The  c o n d u c t o r s   a r e  

then  c losed   down  in to   u n i t s   of  a  c a b l e ,   or  a  c a b l e   i f   the  cab le   i s  

of  small  s i z e .   The  f i l l i n g   can  sometimes  be  v a r i a b l e   and  the  use  o f  

oil  may  s t i l l   c r e a t e   problems  at  j o i n i n g   and  a l s o   p roblems  in  o b t a i n i n g  

con t inuous   runn ing   of  the  f i l l i n g   a p p a r a t u s   as  a  b u i l d - u p   of  oil   and 

powder  can  jam  d ies   in  the  b e d .  

In  the  United  S t a t e s   a p p l i c a t i o n   S e r i a l   No.  921,252  f i l e d  

July  3,  1978,  in  the  name  of  the  p r e s e n t   a s s i g n e e   t h e r e   is  d e s c r i b e d  

the  f i l l i n g   of  c a b l e s ,   or  cab le   u n i t s ,   composed  of  a  p l u r a l i t y   o f  

c o n d u c t o r s ,   or  p a i r s   of  c o n d u c t o r s ,   in  which  the  c a b l e s   or  u n i t s   a r e  

f i l l e d   with  the  c o n d u c t o r s   s u b s t a n t i a l l y   c l o s e d   t o g e t h e r .   S u r p r i s i n g l y  

i t   has  been  found  t h a t   very  e f f e c t i v e   f i l l i n g   can  be  o b t a i n e d   when  t h e  

cab l e ,   or  a  c ab l e   un i t   formed  of  a  p l u r a l i t y   of  c o n d u c t o r s   is  p a s s e d  

through  a  f l u i d i z e d   bed  with  the  c o n d u c t o r s   s u b s t a n t i a l l y   c l o s e d  

t o g e t h e r .   The  powder  f lows  in to   the  i n t e r s t i c e s   be tween  c o n d u c t o r s   and  

gives  good  f i l l i n g   c h a r a c t e r i s t i c s .  



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

which  gives  an  improvement   in  the  c h a r a c t e r i s t i c s   of  the  f i l l e d  

c a b l e .  

Accord ing   to  one  a s p e c t   of  the  p r e s e n t   i n v e n t i o n ,  

the re   is  p rov ided   a  method  of  powder  f i l l i n g   e l e c t r i c   c ab l e s   by  f o r m i n g  

a  f l u i d i z e d   bed  of  f i l l i n g   powder,   p a s s i n g   a  cab le   or  cab le   u n i t  

through  the  f l u i d i z e d   bed  of  powder  with  the  c o n d u c t o r s   of  the  c a b l e  

or  cable   un i t   s u b s t a n t i a l l y   c l o s e d   t o g e t h e r ,   the  f l u i d i z e d   powder  

pass ing   between  the  s u b s t a n t i a l l y   c l o s e d   c o n d u c t o r s   and  in to   the  c a b l e  

or  cable   u n i t ,   and  a g i t a t i n g   the  cab le   or  c ab l e   un i t   in  a  d i r e c t i o n  

l a t e r a l l y   to  the  d i r e c t i o n   of  i t s   movement  t h rough   the  bed  to  d i s t r i b u t e  

the  powder  t h r o u g h o u t   the  cab le   or  cab le   u n i t .  

It   is  b e l i e v e d   t h a t   the  v i b r a t i o n   or  shak ing   of  t h e  

cable   as  d e f i n e d   by  the  p r e s e n t   i n v e n t i o n   a s s i s t s  i n   m a i n t a i n i n g   t h e  

f l u i d i t y   of  the  powder  and  thus  p r o v i d e s   an  even  h i g h e r   u n i f o r m i t y  

of  f i l l   a n d - i m p r o v e s   the  e l e c t r i c a l   c h a r a c t e r i s t i c s   of  the  c a b l e .  

Thus,  in  i t s   b r o a d e s t   a s p e c t ,   the  p r e s e n t   i n v e n t i o n  

p rov ides   for  v i b r a t i n g   or  s h a k i n g ,   or  o t h e r w i s e   a g i t a t i n g   the  c a b l e  

or  cable   u n i t ,   as  i t   p a s se s   th rough   the  f l u i d i z e d   bed  of  p o w d e r .  

The  i n v e n t i o n   a l so   i n c l u d e s   a p p a r a t u s   for   powder  

f i l l i n g   e l e c t r i c   c a b l e s   having  a  hous ing   with  a  bot tom  and  i n l e t  

and  o u t l e t   ends ,   at  l e a s t   one  i n l e t   at  the  i n l e t   end  and  a t  

l e a s t   one  o u t l e t   at  sa id   o u t l e t   end  for   the  pa s sage   of  a  cab le   o r  

cable   un i t   with  i t s   c o n d u c t o r s   s u b s t a n t i a l l y   c l o s e d   t o g e t h e r ,   a 

porous  member  towards   the  bot tom  of  the  hous ing   and  means  for   f e e d i n g  

a i r   through  sa id   porous  member  for   p r o d u c i n g   a  f l u i d i z e d   bed  of  powder  

in  the  hous ing  for   pa s sage   of  the  c ab l e   or  u n i t   t h rough   the  bed,  and  a t  

l e a s t   one  member  mounted  in  the  hous ing   fo r   c o n t a c t   with  the  c a b l e  



or  cable   u n i t ,   and  means  for   c aus ing   the  member  to  v i b r a t e   the  c a b l e  

or  cable   u n i t   as  the  cab le   or  un i t   pas ses   through  the  bed  whereby  t h e  

powder  is  caused  to  pass  between  the  s u b s t a n t i a l l y   c l o s e d   c o n d u c t o r s  

and  is  d i s t r i b u t e d   t h r o u g h o u t   the  c ab l e   or  u n i t .  

The  i n v e n t i o n   wil l   be  r e a d i l y   u n d e r s t o o d   by  t h e  

fo l l owing   d e s c r i p t i o n   of  v a r i o u s   embodiments   by  way  of  e x a m p l e ,  

in  c o n j u n c t i o n   wi th   the  accompanying  d r a w i n g s ,   in  w h i c h : -  

F i g u r e s   1  to  4  are  d i a g r a m m a t i c   v e r t i c a l   c r o s s -  

s e c t i o n s   of  four   a l t e r n a t i v e   a r r a n g e m e n t s   for   v i b r a t i n g   or  s h a k i n g  

a  c a b l e ;  

F igure   5  is  a  d i a g r a m m a t i c   s ide   view  of  one  form  o f  

the  a p p a r a t u s   as  in  F i g u r e s   1  to  4 ;  

F igure   6  is  a  s ide   view  of  a  v i b r a t i n g   a r r a n g e m e n t ,  

as  in  Figure   2,  i l l u s t r a t e d   in  more  d e t a i l ;  

F igu re s   7  and  8  are  c r o s s - s e c t i o n s   on  the  l i n e s   V I I - V I I  

and  V I I I - V I I I   r e s p e c t i v e l y   of  F igure   6 ;  

F igure   9  is  s i m i l a r   to  a  p a r t   of  F igure   6,  a n d  

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

F igure   1  is  a  d i a g r a m m a t i c   c r o s s - s e c t i o n   t h r o u g h   o n e  

form  of  a p p a r a t u s ,   in  a  d i r e c t i o n   normal  to  the  path  of  the  c a b l e  

through  the  a p p a r a t u s ,   a  s ide   view  being  seen  in  F igure   5.  The  f o r m s  

of  a p p a r a t u s   i l l u s t r a t e d   in  F igu re s   2,  3  and  4  vary  only  in  t h e  

p a r t i c u l a r   a r r a n g e m e n t   for   v i b r a t i n g   or  shak ing   the  cab le   and  s i m i l a r  

r e f e r e n c e   numera ls   are  used ,   where  a p p l i c a b l e .  

As  i l l u s t r a t e d   in  F igure   1,  and  F igure   5,  a  f l u i d i z e d   bed  

comprises   a  hous ing   10  having  a  porous  p l a t e   11  e x t e n d i n g   a c r o s s   the  h o u s i n g  



near  the  bottom,  to  de f ine   an  a i r   chamber  12,  to  which  a i r   is  s u p p l i e d  

via  an  i n l e t   13.  A  cover   14  f i t s   on3ahe  hous ing   and  has  an  e x h a u s t  

o u t l e t   15  for  removal  of  dust  and  an  i n l e t   16  for  the  supply  of  powder .  

As  i l l u s t r a t e d   in  F i g u r e   5,  the  c o n d u c t o r s   17  of  a  c ab l e ,   or  cable   u n i t  

18  e n t e r   the  hous ing   10  via  an  i n l e t   die  19  and  e x i t   via  an  ex i t   d i e  

20.  In  the  hous ing  or  f l u i d i z e d   bed  the  c a b l e ,   or  cable   u n i t ,   is  in  a 

s u b s t a n t i a l l y   c l o sed   c o n d i t i o n ,   t ha t   is  the  c o n d u c t o r s   17  are  c l o s e d  

down  s u b s t a n t i a l l y   in to   t h e i r   f i na l   a r r a n g e m e n t .   With  a i r   a d m i t t e d  

through  i n l e t   13  and  p a s s i n g   through  the  porous  p l a t e   11,  the  powder  i s  

f l u i d i z e d ,   as  i n d i c a t e d   at  21  in  F igure   5,  and  the  cable   or  cable   u n i t  

passes   through  the  f l u i d i z e d   powder,  t ha t   i s ,   below  the  top  s u r f a c e   23 

of  the  f l u i d i z e d   powder  bed.  The  powder  e n t e r s   the  cable   and  p a s s e s  

between  the  c o n d u c t o r s   to  f i l l   the  i n t e r s t i c e s .   This  is  g e n e r a l l y   as  

d e s c r i b e d   in  the  above  ment ioned  a p p l i c a t i o n   s e r i a l   no.  921,252.   A 

forming  member  22  can  be  p rov ided   before   the  i n l e t   die  19. 

As  i l l u s t r a t e d   in  F igure   1,  the  cable   18  passes   over  a 

bar  25  which  is  caused  to  move  so  as  to  v i b r a t e   the  cable   18.  In  t h e  

p a r t i c u l a r   example  the  bar  25  is  p i v o t a l l y   mounted  at  one  end  at  26  and 

at  the  o ther   end  27  as  r e s i l i e n t l y   s u p p o r t e d ,   as  by  a  sp r ing   28  on  a 

b r a c k e t   or  o the r   r i g i d   suppor t   member  29.  A  v i b r a t o r   30  is  mounted  

c lo se   to  the  end  27  of  the  bar  25.  V i b r a t o r   30  can  be  an  e l e c t r i c a l ,  

m e c h a n i c a l ,   or  pneumat ic   v i b r a t o r   and  a p p l i e s   a  v e r t i c a l   v i b r a t o r y  

movement  to  the  bar  25.  The  a c t i o n   of  the  bar  is  to  v i b r a t e   the  c a b l e  

18  and  i t   is  b e l i e v e d   t h a t   t h i s   v i b r a t o r y   or  shaking  movement  a s s i s t s  

in  m a i n t a i n i n g   the  f l u i d i z e d   c o n d i t i o n   of  the  powder  as  i t   e n t e r s   t h e  

cab le   between  the  c o n d u c t o r s .   The  v i b r a t o r y   movement  of  the  cable   i s  

not  such  as  will  open  the  c o n d u c t o r s   to  any  e x t e n t ,   the  cable   r e m a i n i n g  

in  a  s u b s t a n t i a l l y   c lo sed   c o n d i t i o n .  

F igure   2  i l l u s t r a t e s   an  a l t e r n a t i v e   a r rangement   in  which  



the  bar  25  is  moved  at  i ts   end  27  by  a  ro ta ry   e c c e n t r i c   device  32.  The 

end  of  the  bar  can  have  a  s l o t   which  engages  over  a  pin  e c c e n t r i c i t y  

mounted  on  a  r o t a t i n g   member  for  example,  the  axis  of  r o t a t i o n   normal 

to  the  l o n g i t u d i n a l   axis  of  the  bar.  Various  other   ways  of  a t t a c h i n g  

the  end  27  of  the  bar  to  an  e c c e n t r i c   can  be  a p p r e c i a t e d .  

F igure   3  i l l u s t r a t e s   a  c a n t i l e v e r e d   form  of  a p p a r a t u s .  

In  th i s   a r r angement   the  bar  25  is  r i g i d l y   a t t a ched   at  end  27  to  a 

b r a c k e t   33  a t t a c h e d   to  the  housing  10  and  a  v i b r a t o r   30,  as  in  F i g u r e  

1,  is  mounted  on  the  bar.  The  v i b r a t o r   30  can  be  e l e c t r i c a l ,  

mechanical   or  pneumatic   in  form.  In  th is   example  the  cable  is  p a s s e d  

through  a  b o x - l i k e   member  34  at  the  free  end  of  the  bar,  a l though  a  d i e  

or  round  member  can  be  p r o v i d e d .  

F igure   4  i l l u s t r a t e s   a  ro tary   bar  25.  The  bar  is  mounted 

at  end  26  in  a  bea r ing   35  and  at  end  27  is  a t t a c h e d   to  a  r o t a r y  

mechanism  36,  such  as  an  e l e c t r i c   or  pneumatic  motor.  On  the  bar  25 

are  formed  one  or  more  of  lobes  37  ex tending   a x i a l l y   along  the  b a r .  

While  in  F igure   4  the  lobes  are  ex tending   the  length  of  the  bar  25,  

they  need  only  extend  for  a  shor t   d i s t ance   at  the  p o s i t i o n   where  t h e  

cable   passes   over  the  bar.  As  the  bar  25  r o t a t e s   the  lobes  v i b r a t e   o r  

shake  the  cable   v e r t i c a l l y .  

The  form  of  the  bar  25  can  vary.  In  Figure   4  the  b a r  

will   be  c y l i n d r i c a l   with  the  lobes  ex tending   the  length  of  the  bar,  o r  

for  pa r t   of  the  l e n g t h .   In  F igures   1  and  2  the  bar  can  be  narrow  o r  

r e l a t i v e l y   wide.  It  can  have  a  f l a t   top  sur face   or  an  a rcua te   one .  

The  bar  is  u s u a l l y   of  meta l ,   but  other   m a t e r i a l s   can  be  used,  and  t h e  

top  s u r f a c e   is  u s u a l l y   highly  po l i shed   to  reduce  f r i c t i o n   and  p r e v e n t  

damage.  The  actual   c o n t a c t   su r face   can  be  of  a  ma te r ia l   having  a  low 



c o e f f i c i e n t   of  f r i c t i o n   and  also  capable   of  r e s i s t i n g   wear.  While 

g e n e r a l l y   a  bar  has  been  shown,  o the r   forms  of  v i b r a t o r y   member  can  be 

used.  Thus,  in  the  example  i l l u s t r a t e d   in  F igure   3,  the  member  34 

could  be  mounted  on  the  top  end  of  a  v e r t i c a l l y   v i b r a t i n g   member.  The 

d e s i r e d   r e s u l t   is  a  v i b r a t i n g   or  shaking  of  the  cable   while  it  p a s s e s  

through  the  f l u i d i z e d   powder .  

As  s t a t e d ,   i t   is  be l i eved   tha t   the  ac t ion   of  v i b r a t i n g  

the  cable  is  to  a s s i s t   in  m a i n t a i n i n g   the  f l u i d i z e d   medium  in  a 

f l u i d i z e d   more  uniform  d i s t r i b u t i o n   of  the  medium  in  the  c a b l e  

i n t e r s t i c e s .   When  a  f l u i d i z e d   medium  en t e r s   a  n o n - v i b r a t i n g   cable ,   t h e  

medium  is  s e p a r a t e d   from  the  f l u i d i z i n g   ac t ion   of  the  bed  and  t h u s  

begins   to  lose  the  f l u i d   p r o p e r t i e s ,   s e t t l i n g   out  in  the  cable .   T h i s  

can  r e s u l t   in  areas  of  the  cable   which  are  not  f i l l e d   p roper ly   or  a r e  

packed  with  too  much  powder.  It  is  be l i eved   tha t   v i b r a t i o n   of  t h e  

cable   slows  down  the  d e t e r i o r a t i o n   of  the  f l u i d   p r o p e r t i e s   of  t he  

f l u i d i z e d   medium,  or  may  main ta in   or  even  i n c r e a s e   the  f l u i d  

p r o p e r t i e s ,   thus  he lp ing   the  medium  to  f i l l   all  the  i n t e r s t i c e s   and 

reduc ing   the  s e t t l i n g   out  a c t i o n .  

Use  of  the  i nven t ion   has  r e s u l t e d   in  c o n s i d e r a b l e  

improvements  in  c a p a c i t a n c e   d e v i a t i o n .   The  f requency   of  the  v i b r a t o r y  

ac t i on   has  an  e f f e c t   on  the  degree  of  improvement.   Improvements  of  up 

to  50%  over  a  cable  f i l l e d   simply  by  pass ing   through  a  f l u i d i z e d   bed 

w i t h o u t   v i b r a t i o n   have  been  ob t a ined .   A  t y p i c a l   example,  with  a  50 

pa i r   19  AWG  gauge  cable  running  through  a  f l u i d i z e d   bed  at  100  rmp  i s  

as  f o l l o w s : -  



It  will  be  seen  t ha t   an  abrupt   change  in  d e v i a t i o n  

o c c u r r e d   at  about  1625  rmp.  High  f r e q u e n c i e s ,   for  example  in  the  r a n g e  

of  10,000  to  12,000  rpm  have  been  used,  with  ampl i tudes   of  about  . 0 3 0 " .  

F r e q u e n c i e s   of  up  to  about  2500  rpm  have  been  used  with  an  ampli tude  o f  

about  1/4"  and  th is   f requency   has  also  been  used  with  ampl i tudes   o f  

about  1/8" .   F r e q u e n c i e s   of  up  to  4000  rpm  at  1/8"  ampl i tude   are  u s e d .  

Depending  upon  the  c h a r a c t e r i s t i c s   of  the  cable   or  cable  un i t ,   tha t   i s  

number  of  pa i r s   and  wire  gauge,  the  f r equency   can  be  va r i ed   for  optimum 

e f f e c t i v e n e s s ,   and  also  the  ampl i tude .   Even  h igher   f r e q u e n c i e s   of  in  

the  4,000  to  10,000  rpm  range  have  been  t r i e d .   At  the  very  h igh  

f r e q u e n c i e s   the  mutual  c a p a c i t a n c e   can  be  made  to  d e c r e a s e ,   t h u s  

i n d i c a t i n g   cont ro l   over  the  p e r c e n t   f i l l ,   of  powder,  in  the  c a b l e .  

Cables  having  conduc to r s   of  o ther   s i z e s ,   for  example  22  AWG  and  26  AWG 

have  been  f i l l e d   and  c o n s i d e r a b l e   r e s u l t s   o b t a i n e d   at  approx imate ly   t h e  

same  f r e q u e n c i e s .   Approx imate ly   1600  rpm  appears   to  be  c r i t i c a l .  

I t   will  be  a p p r e c i a t e d   t ha t   the  v i b r a t o r y   m o t i o n ,  

p a r t i c u l a r l y   the  ampl i tude ,   must  be  such  t h a t  d a m a g e   is  not  caused  t o  

the  cable .   Also,  the  f r equency ,   and  amp l i t ude ,   are  such  tha t   the  c a b l e  

remains  s u b s t a n t i a l l y   in  c o n t a c t   with  the  v i b r a t i n g   or  shaking  member. 

The  speed  of  the  cable   t h r o u g h  t h e   f l u i d i z e d   bed  can  also  be  v a r i e d ,  

and  th i s   can  a s s i s t   in  m a i n t a i n i n g   the  cable   in  c o n t a c t   with  t h e  

v i b r a t i n g   member.  The  length  of  the  bed  can  also  be  v a r i e d .  

Af te r   l e av ing   the  f l u i d i z e d   bed  the  cable  or  cable  u n i t  

can  be  wrapped  with  a  metal ,   or  o the r ,   tape.   As  seen  in  Figure  5,  t h e  

cable   or  uni t   18  can  be  wrapped  by  tape  38  a p p l i e d   by  a  former  39,  in  

the  example  i l l u s t r a t e d   the  former  having  a  t ape red   i n l e t   po r t ion   39a 

and  p a r a l l e l   rear  po r t ion   39b.  



Figures   6,  7  and  8  i l l u s t r a t e   in  more  de ta i l   a  s p e c i f i c  

form  of  a p p a r a t u s .   In  th i s   example  the  bar  is  v i b r a t e d   via  a 

c o n n e c t i n g   rod  mounted  on  an  e c c e n t r i c .   Also,  in  th i s   example,  t h e  

cable  passes   through  a  housing  or  bush  mounted  on  the  bar,  the  bush 

being  a  f a i r l y   loose   s l i d i n g   f i t   on  the  cab le .   The  cable  res t s   on  t h e  

lower  side  or  po r t i on   of  the  b u s h i n g .  

F igu re s   6,  7  and  8  i l l u s t r a t e   in  more  de ta i l   a  v i b r a t i n g  

bar  a r rangement   in  which  the  bar  is  v i b r a t e d   by  means  of  an  e c c e n t r i c  

dr iven  by  an  e l e c t r i c   motor,  for  example  as  in  F igure   2.  The  bar  25  i s  

b u i l t   up  of  severa l   p o r t i o n s   25a,  25b,  25c  and  25d.  Por t ion   25a  is  one 

end  po r t i on   and  is  p i v o t a l l y   mounted  on  a  sp igo t   40  a t t a c h e d   to  t h e  

housing  10.  This  c o r r e s p o n d s   to  the  p i v o t a l   mounting  p o s i t i o n   26  o f  

Figure  2.  The  s p i g o t   is  of  square  c r o s s - s e c t i o n   and  the  end  p o r t i o n  

25a  has  a  square  bore  somewhat  l a r g e r   than  the  s p i g o t ,   with  spacers   41 

e i t h e r   side  and  p o s i t i o n e d   on  the  p ivo t   pin  42.  The  pivot   pin  42  i s  

f i xed   in  the  end  25a,  as  by  screws  43,  and  p ivo ts   in  a  bearing  44  i n  

the  sp igo t   40.  A t t ached   to  p o r t i o n   25a  is  t u b u l a r   por t ion   25b.  T h i s  

is  c o n v e n i e n t l y   of  thin  wall  c i r c u l a r   c r o s s - s e c t i o n   tube  which  i s  

welded  to  po r t i on   2 5 a .  

P o r t i o n   25c  is  an  open  ended  box-shaped  member  a t t a c h e d  

to  p o r t i o n   25b  and  to  p o r t i o n   25d,  e x t e n d i n g   between  these  two 

p o r t i o n s .   P o s i t i o n e d   in  the  box-shaped  member  or  por t ion   25c  is  a 

removable  member  45  having  a  bore  46  t h e r e t h r o u g h .   The  bore  46  is  a 

loose  f i t   on  the  cab le ,   or  cable  un i t ,   to  be  f i l l e d   and  d i f f e r e n t  

removable  members  can  be  p rov ided   with  d i f f e r e n t   d iameter   bores  46  t o  

c a t e r   for  a  v a r i e t y   of  cable   d i a m e t e r s .  

P o r t i o n   25d  is  to  some  ex ten t   a  r e p e t i t i o n   of  the  p o r t i o n  



25a.  It  has  a  square  bore  47  wi th in   which  extends  the  end  48  of  a 

p i v o t t e d   l eve r   49.  The  po r t i on   25d  is  p i v o t a l l y   connected   to  the  end 

48  of  the  l ever   by  a  p ivo t   50,  which  is  f ixed  in  the  po r t ion   25d  as  by 

screws  51,  and  p ivo t s   in  a  bear ing   52  in  the  lever   49.  Spacers   53  a r e  

p o s i t i o n e d   between  the  l ever   49  and  the  po r t ion   25d.  Lever  49  i s  

p i v o t a l l y   mounted  at  a  p o s i t i o n   i n t e r m e d i a t e   i t s   ends  on  a  p ivot   pin  55 

mounted  in  a  suppor t   56  a t t a c h e d   to  a  housing  57.  The  pin  55  is  f i x e d  

in  the  l eve r   49  by  a  screw  58  and  p ivots   in  a  bear ing   59  in  the  s u p p o r t  

56.  At  the  end  60  of  the  l ever   49  remote  from  end  48  is  a  f u r t h e r  

p ivo t   pin  61.  The  end  60  of  the  lever   is  b i f u r c a t e d   and  the  lower  end 

of  a  c o n n e c t i n g   rod  or  member  62  is  p o s i t i o n e d   between  the  b i f u r c a t i o n s  

and  p ivo t s   on  the  pin  61.  The  pin  is  f ixed  in  the  lever   as  by  sc rews  

63  and  a  bea r ing   64  is  p rovided   in  the  member  62.  

The  upper  end  of  the  connec t ing   rod  or  member  i s  

p i v o t a l l y   mounted  on  a  pin  70  which  is  e c c e n t r i c a l l y   mounted  on  the  end 

of  a  sha f t   74  dr iven  by  an  e l e c t r i c   motor  72.  A  ball   bear ing   73  i s  

p o s i t i o n e d   between  the  connec t i ng   member  62  and  the  pin  70  and  the  p i n  

70  is  pa r t   of  a  r o t a t i n g   member  74  suppor ted   by  ball  bea r ings   75  t o  

reduce  the  load ing   on  the  bea r ings   of  the  motor  72.  The  ball  b e a r i n g s  

75  are  c a r r i e d   in  a  supor t   member  76  a t t a c h e d   to  the  housing  57.  

As  viewed  in  F igure   6,  in  which  par t   of  the  f ron t   of  t h e  

housing  is  shown  broken  away,  r o t a t i o n   of  the  motor  shaf t   71  and  t h u s  

of  member  74  and  e c c e n t r i c   pin  70  r e c i p r o c a t e s   the  connec t ing   member  62 

up  and  down.  This  in  turn  r e c i p r o c a t e s   the  lever   49  about  the  p i v o t  

pin  55.  This  moves  the  end  po r t ion   25d  of  the  bar  25  up  and  down,  as 

seen  in  F igure   6,  the  bar  p i v o t t i n g   about  pin  42.  This  r e s u l t s   in  t h e  

member  45  r e c i p r o c a t i n g   or  v i b r a t i n g   up  and  down  and  th i s   v i b r a t i o n   i s  



t r a n s m i t t e d   to  the  cable  or  cable  un i t   pass ing   through  the  bore  46.  To 

exclude   powder  from  the  b e a r i n g s   at  each  end  of  the  bar,  tha t   is  a t  

p o r t i o n s   25a  and  25d,  f l e x i b l e   s l eeves   80  are  p rov ided .   The  s l e e v e s  

have  f l a n g e s   81  which  are  a t t a c h e d   to  the  housing  57  at  one  end  of  t he  

bar  and  to  the  housing  10  at  the  o ther   end  of  the  bar  by  clamping  r i n g s  

82  and  screws  83.  The  o ther   ends  of  the  s l eeves   are  clamped  to  t h e  

p o r t i o n s   25a  and  25d  by  clamping  r ings   84 .  

I t   will   be  seen  tha t   the  amount  of  e c c e n t r i c i t y   of  t h e  

pin  70  and  the  r e l a t i v e   d i s t a n c e s   between  the  c e n t r e s   of  pins  61  and  50 

and  the  c e n t r e   of  pin  55  wil l   decide  the  ampl i tude   of  the  movement  a t  

pin  50.  The  r e l a t i v e   d i s t a n c e s   between  the  c en t r e   of  the  bore  46  and 

the  c e n t r e s   of  the  pins  42  and  50  wil l   decide  the  ampl i tude   o f  

v i b r a t i o n   at  the  bore  46.  I t   is  p o s s i b l e   to  p rovide   for  d i f f e r e n t  

a m p l i t u d e s   by  changing ,   for  example,  the  member  74.  This  member  i s  

f i x e d   to  the  s h a f t   71  of  the  motor  by  screw  85  and  by  r e l e a s e   of  t h e  

screw  the  member  76  and  bea r ings   74  could  be  removed  from  the  s u p p o r t  

member  76,  and  r e p l a c e d   by  ano ther   member  74  in  which  the  pin  70  has  a 

d i f f e r e n t   e c c e n t r i c i t y .   By  using  a  v a r i a b l e   speed  motor,  v a r i a t i o n   in  

the  f r equency   of  v i b r a t i o n   can  also  be  p r o v i d e d .  

Figure   9  i l l u s t r a t e s   a  m o d i f i c a t i o n   of  the  arrangement   of 

F igu re s   6,  7  and  8,  in  which  the  bar  25  is  a c t u a t e d   d i r e c t l y   by  t h e  

c o n n e c t i n g   rod  or  member  62.  F igure   9  is  very  s i m i l a r   to  F igure   7 ,  

excep t   t ha t   only  the  end  p o r t i o n   25d  and  pa r t   of  po r t i on   of  25c  a r e  

shown.  End  p o r t i o n   25d  has  an  ex t ens ion   90  a t t a c h e d   t h e r e t o ,   t h e  

e x t e n s i o n   90  e x t e n d i n g   into  the  housing  57  and  has  a  b i f u r c a t e d   end  91,  

s i m i l a r   to  the  b i f u r c a t e d   end  60  in  F igure   7.  The  end  91  is  c o n n e c t e d  

to  the  c o n n e c t i n g   member  62  via  pin  61  which  is  f ixed   in  the  end  91  by 



screws  63  and  p ivo t s   in  a  bea r ing   64  in  the  connec t ing   member.  T h i s  

p ivo ta l   a r rangement   or  c o n n e c t i o n   between  the  connec t ing   rod  or  member 

62  and  the  end  91  of  the  e x t e n s i o n   90,  is  s i m i l a r   to  the  c o n n e c t i o n  

between  the  c o n n e c t i n g   rod  or  member  62  and  the  end  60  of  lever   49  in  

Figure   7.  The  e x t e n s i o n   90  moves  in  a  s l o t   92  in  the  wall  of  t h e  

housing  57 .  

In  the  a r r angemen t   of  Figure  9,  r o t a t i o n   of  the  motor  

sha f t   r e c i p r o c a t e s   the  c o n n e c t i n g   rod  or  member  62  up  and  down  which  in  

turn  causes  the  bar  65  to  v i b r a t e   up  and  down,  p i v o t t i n g   on  pin  42.  

The  ampl i tude   of  the  v i b r a t i o n   at  the  bore  46  will  depend  upon  t h e  

e c c e n t r i c i t y   of  the  pin  70  and  the  r e l a t i v e   d i s t a n c e s   between  t h e  

cen t r e   of  the  pin  61  and  the  cen t r e   of  the  pin  42  and  between  t h e  

cen t r e   of  the  pin  61  and  the  cen t r e   or  axis  of  the  bore  46.  

The  turn  bar  in  th is   d e s c r i p t i o n   has  been  used  in  t h e  

broad  sense  in  tha t   the  bar  can  have  many  forms.  Thus  it   can  be  a  f l a t  

member  with  the  cable  running  over  i t .   The  upper  s u r f a c e ,   over  which 

the  cable   runs,  can  be  convex  to  reduce  the  p o s s i b i l i t y   of  damage. 

A l t e r n a t i v e l y   the  bar  can  be  a  square ,   round  or  of  o t h e r  

c r o s s - s e c t i o n .   Where  the  bar  is  r o t a t e d ,   and  has  lobes  or  p r o j e c t i o n s ,  

the  bar  can  be  s o l i d   or  t u b u l a r .   For  a  v i b r a t i n g   bar  again  it  can  be 

s o l i d   or  t u b u l a r .   As  i l l u s t r a t e d   in  the  p a r t i c u l a r   embodiment,  t h e  

cab le ,   or  cable  un i t   may  pass  through  a  bore  in  the  bar.  The  p r i m a r y  

o b j e c t i v e   is  to  v i b r a t e   or  shake  the  cable  or  cable  unit   in  a  d i r e c t i o n  

s u b s t a n t i a l l y   normal  to  i t s   l o n g i t u d i n a l   ax is ,   thereby  f a c i l i t a t i n g   t h e  

entry  of  the  f i l l i n g   medium  into  the  i n t e r s t i c e s   between  c o n d u c t o r s .  

While  the  i n v e n t i o n   has  been  de sc r i bed   as  used  for  a 

s i n g l e   cable  or  cable   u n i t ,   a  la rge   cable  may  be  opened  up  into  s e v e r a l  



u n i t s ,   the  un i t s   passed  in  spaced  a p a r t   r e l a t i o n s h i p   through  t h e  

f l u i d i z e d   bed,  as  d e s c r i b e d   in  a p p l i c a t i o n   s e r i a l   no.  308,439  f i l e d  

July  31,  1978,  in  the  name  of  the  p r e s e n t   a s s i g n e e .   In  such  an 

a r rangement   a  p l u r a l i t y   of  v i b r a t i n g   members  would  be  p rovided ,   as  

n e c e s s a r y .   More  than  one  un i t   can  be  made  to  pass  over  one  v i b r a t o r y  

member  if  the  v i b r a t o r y   a r r angement   is  s u i t a b l e .  



1.  A  method  of  powder  f i l l i n g   c a b l e s   by  forming  a 

f l u i d i z e d   bed  of  f i l l i n g   powder,  p a s s i n g   a  c a b l e   or  cable   uni t   ( 18 )  

th rough   the  f l u i d i z e d   bed  of  powder  with  the  c o n d u c t o r s   (17)  of  the  c a b l e  

or  cab le   un i t   s u b s t a n t i a l l y   c l o sed   t o g e t h e r ,   the  f l u i d i z e d   powder  p a s s i n g  

between  the  s u b s t a n t i a l l y   c l o sed   c o n d u c t o r s   and  in to   the  cable   or  c a b l e  

u n i t ,   c h a r a c t e r i z e d   in  a g i t a t i n g   the  c a b l e   or  c a b l e   un i t   in  a  d i r e c t i o n  

l a t e r a l l y   to  the  d i r e c t i o n   of  i t s   movement  t h r o u g h   the  bed  to  d i s t r i b u t e  

the  powder  t h r o u g h o u t   the  cab le   or  c ab l e   u n i t .  

2.  A  method  as  c l a imed   in  c l a im  1,  c h a r a c t e r i z e d   i n  

s u p p l y i n g   powder  to  the  f l u i d i z e d   bed  at  a  r a t e   to  m a i n t a i n   a  s u b s t a n t i a l l y  

c o n s t a n t   bed  t h i c k n e s s .  

3.  A  method  as  c l a imed   in  c l a im   1,  c h a r a c t e r i z e d   i n  

wrapping  the  cable   or  cab le   u n i t   with  a  tape  (38)  on  e x i t   from  t h e  

f l u i d i z e d   b e d .  

4.  A  method  as  c la imed   in  c l a im  1,  c h a r a c t e r i z e d   i n  

t h a t   the  cable   is  v i b r a t e d   at  a  f r e q u e n c y   above  about   1600  rpm. 

5.  A  method  as  c l a imed   in  c l a im   1,  c h a r a c t e r i z e d   i n  

t h a t   amp l i t ude   of  the  v i b r a t i o n   is  up  to  abou t   1 / 4 " .  

6.  A  method  as  c l a imed   in  c l a im   1,  c h a r a c t e r i z e d   i n  

t h a t   the  amp l i t ude   of  the  v i b r a t i o n   is  abou t   1 / 8 " .  

7.  A  method  as  c l a imed   in  c l a im   1,  c h a r a c t e r i z e d   i n  

t h a t   the  ampl i tude   of  the  v i b r a t i o n   is  abou t   . 0 3 0 " .  



8.  A  method  as  c la imed  in  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   the  f r e q u e n c y   of  the  v i b r a t i o n   is  in  the  range  of  from  about   4 , 0 0 0  

to  about  10,000  rpm.  

9.  A  method  as  c la imed   in  c la im  1,  c h a r a c t e r i z e d   i n  

t ha t   the  f r e q u e n c y   of  the  v i b r a t i o n   is  in  the  range  of  from  about   1 6 0 0  

to  about  2000  rpm.  

10.  A p p a r a t u s   fo r   powder  f i l l i n g   e l e c t r i c   c a b l e s  

compr is ing   a  hous ing   (10)  with  a  bottom  and  i n l e t   and  o u t l e t   e n d s ;  

at  l e a s t   one  i n l e t   (19)  a t   the  i n l e t   end  and  at  l e a s t   one  o u t l e t   ( 2 0 )  

at  the  o u t l e t   end  for   the  pas sage   of  a  cab le   or  cab le   un i t   (18)  with  i t s  

conduc to r s   (17)  s u b s t a n t i a l l y   c l o s e d   t o g e t h e r ;   and  a  porous  member  ( 1 1 )  

towards  the  bot tom  of  the  hous ing   and  means  (13)  for   f e ed ing   a i r   t h r o u g h  

said  porous  member  for   p r o d u c i n g   a  f l u i d i z e d   bed  of  powder  in  the  h o u s i n g  

for  p a s s a g e  o f   the  cab le   or  un i t   t h rough   the  bed  c h a r a c t e r i z e d   in  t h a t  

the re   is  at  l e a s t   one  member  (25)  mounted  in  the  hous ing   for   c o n t a c t  

with  the  cab le   or  c ab l e   u n i t   and means   (30,  32,  36)  for   c aus ing   t h e  

member  to  v i b r a t e   the  c ab l e   or  c ab l e   u n i t   as  the  c ab l e   or  u n i t   p a s s e s  

through  the  bed  whereby  the  powder  is  caused  to  pass  between  t h e  

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

cable   or  u n i t .  

11.  A p p a r a t u s   as  c la imed   in  c la im  10,  c h a r a c t e r i z e d   i n  

t h a t   said  means  for   c a u s i n g   the  member  to  v i b r a t e   the  cab le   u n i t   c o m p r i s e s  

a  v i b r a t o r   (30)  a c t i n g   on  s a id   member.  



12.  Appara tus   as  c la imed  in  c la im  10,  c h a r a c t e r i z e d   i n  

tha t   said  means  for   caus ing   the  member  to  v i b r a t e   the  c a b l e   un i t   c o m p r i s e s  

a  r e c i p r o c a t i n g   rod  (62)  connec t ed   at  one  end  to  s a id   member  and  means 

(71,  72,  74)  for   r e c i p r o c a t i n g   sa id   rod  a t t a c h e d   to  the  o t h e r   end  o f  

said  r o d .  

13.  Appara tus   as  c la imed   in  c la im  10,  c h a r a c t e r i z e d   i n  

tha t   said  member  c o m p r i s e s  a   bar  (25)  mounted  for   r o t a t i o n   about   t h e  

l o n g i t u d i n a l   ax is   of  the  ba r ,   the  l o n g i t u d i n a l   a x i s  o f   the  bar  b e i n g  

t r a n s v e r s e   to  the  d i r e c t i o n   of  movement  of  the  cab le   or  c ab l e   u n i t  

through  the  h o u s i n g ,   said  means  for  c a u s i n g  t h e   member  to  v i b r a t e   t h e  

cable  or  cab le   un i t   c o m p r i s i n g   at  l e a s t   o n e  l o b e   (37)  on  the  bar  and  

means  (36)  fo r   r o t a t i n g   the  b a r .  

14.  Appara tus   as  c la imed  in  c la im  10,  c h a r a c t e r i z e d   i n  

t ha t   i t   i n c l u d e s   tape  wrapping   means  (39)  a d j a c e n t   to  sa id   o u t l e t   f o r  

wrapping  a  t ape   (38)  a round  sa id   cab le   or  cab le   u n i t   on  e x i t   t h r o u g h  

said  o u t l e t .  

15.  Appa ra tus   as  c la imed  in  c la im  10,  c h a r a c t e r i z e d   i n  

t ha t   i t   i n c l u d e s   a  p r e f o r m i n g   member  (22)  in  f r o n t   of  sa id   i n l e t   f o r  

preforming  of  c o n d u c t o r s   (17)  forming  sa id   cab le   or  c ab l e   u n i t   p r i o r  

to  en t ry   i n to   sa id   h o u s i n g .  

16.  Appa ra tu s   as  c la imed   i n . c l a i m   11,  c h a r a c t e r i z e d   i n  

t h a t   sa id   member  is  p i v o t a l l y   s u p p o r t e d   at  one  end  and  sa id   v i b r a t o r  

is  mounted  on  sa id   member  a d j a c e n t   to  the  o t h e r   end  of  sa id   member.  



17.  Appa ra tu s   as  c la imed  in  c l a im  11,  c h a r a c t e r i z e d   i n  

t ha t   said  member  is  c a n t i l e v e r e d   from  one  end,  sa id   v i b r a t o r   mounted  on 

said  member  a d j a c e n t   to  the  o the r   end  of  sa id   member .  

18.  Appa ra tu s   as  c la imed  in  c la im  12,  c h a r a c t e r i z e d   i n  

t ha t   said  member  is  p i v o t a l l y   s u p p o r t e d   at  one  end  and  s a i d  

r e c i p r o c a t i n g   rod  is  p i v o t a l l y   a t t a c h e d   to  the  o t h e r   end  of  sa id   member.  

19.  A p p a r a t u s   as  c la imed  in  c l a im  12,  c h a r a c t e r i z e d   i n  

t h a t   said  member  is  p i v o t a l l y   s u p p o r t e d   at  one  end,  a  l e v e r   (49)  i s  

p i v o t a l l y   s u p p o r t e d   at  a  p o s i t i o n   i n t e r m e d i a t e   i t s   ends ,   and  s a i d  

l e v e r   is  p i v o t a l l y   a t t a c h e d   at  one  end  to  the  o t h e r   end  of  sa id   member ,  

said  r e c i p r o c a t i n g   rod  being  p i v o t a l l y   a t t a c h e d   to  the  o t h e r   end  o f  

said  l e v e r .  

20.  Appa ra tu s   as  c la imed  in  c la im  10,  c h a r a c t e r i z e d   i n  

t h a t   said  member  c o m p r i s e s   a  f l a t   bar  ( 2 5 ) .  

21.  A p p a r a t u s   as  c la imed  in  c la im  10,  c h a r a c t e r i z e d   i n  

t h a t   said  member  i n c l u d e s   a  box-shaped   p o r t i o n   (25c)  i n t e r m e d i a t e   t h e  

ends  of  the  member  and  a  bore  (46)  in  the  b o x - s h a p e d   p o r t i o n ,   the  a x i s  

of  the  bore  being  p a r a l l e l   to  the  axis   of  the  path  of  the  cab le   o r  

cable   u n i t ,   whereby  the  cab le   or  cab le   un i t   pas ses   t h r o u g h   sa id   b o r e ,  

when  in  o p e r a t i o n .  
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