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Steel  cord  construction. 

A  steel  cord  for  the  reinforcement  of  resilient  articles 
comprises  a  bundle  of  four  wires  twisted  together  with  the 
same  pitch,  a  first  pair  1,  2  of  said  wires  having  a  substan- 
tially  similar  diameter,  a  second  pair  3,  of   said  wires  each 
having  a  diameter  not  greater  than  the  average  diameter  of 
the  first  pair  1, 2,  a  wire  of  one  pair  being  adjacent  a  wire  of 
the  other  pair  along  the  circumference  of  the  bundle,  and  in 
a  stretched  condition  of  the  cord,  the  wires  of  the  first  pair  1, 
2  are  tightly  twisted  together  so  as  to  touch  along  the  axis  5 
while  each  wire  of  the  second  pair  3,  i s   at  a  spacing  d  from 
the  circumferentially  adjacent  wires  of  the  first  pair. 



The  inven t ion   r e l a t e s   to  a  s t ee l   cord  for  r e i n f o r c e m e n t  

of  r e s i l i e n t   a r t i c l e s ,   such  as  rubber  veh ic l e   t y r e s .   Such  c o r d  

wil l   g e n e r a l l y   be  a  cord  with  wires  having  a  d iameter   ranging  f rom 

0.03  to  0.80  mm,  in  genera l   in  the  range  from  0.14  to  0.40  mm,  and  

the  s t e e l   being  in  genera l   carbon  s t e e l   ( p r e f e r a b l y   0.65  to  0 .95  % 

carbon)  in  i t s   f e r r i t i c   s t a t e ,   having  a  t e n s i l e   s t r e n g t h   of  a t  

l e a s t   2000  N/mm2,  in  some  h i g h - t e n s i l e   a p p l i c a t i o n s   more  than  3000 

N/mm2,  and  an  e l o n g a t i o n   at  rup tu re   of  at  l e a s t   1  %,  p r e f e r a b l y  

about  2  %.  The  cord  wires  wil l   g e n e r a l l y   f u r t h e r   comprise,   i n  

order  to  ob ta in   the  necessary   rubber  a d h e r a b i l i t y   f o r  

r e in fo rcemen t   purposes ,   a  rubber  adherab le   coa t ing ,   such  a s  

copper,   zinc,   brass  or  t e rna ry   brass  a l l o y ,   or  a  c o m b i n a t i o n  

t h e r e o f ,   the  coa t ing   having  a  t h i ckness   ranging  from  0.05  to  0 . 4 0  

micron,  p r e f e r a b l y   from  0.12  to  0.22  micron.  The  coa t ing   can  a l s o  

be  p resen t   in  the  form  of  a  thin  film  of  chemical  primer  m a t e r i a l  

for  ensur ing   good  rubber  p e n e t r a t i o n   and  a d h e s i o n .  

In  th is   r e s p e c t ,   cord  c o n s t r u c t i o n s   are  known  in  the  form 

of  a  bundle  of  four  wires ,   twis ted   t oge the r   with  a  same  p i t c h .  

This  c o n s t r u c t i o n   is  most  f r e q u e n t l y   used  in  a  wire  d iameter   r a n g e  

of  0.14  to  0.40  mm,  p r e f e r a b l y   0.19  to  0.31  mm,  with  a  twis t   p i t c h  

between  35  and  100  times  the  wire  d iameter ,   for  use  in  t ruck   o r  

passenger   car  t y r e s .  

Such  cord  was  normally  made  in  a  c l o s e d  

4 x l - c o n f i g u r a t i o n ,   i . e .   a  c r o s s - s e c t i o n a l   c o n f i g u r a t i o n   where  t h e  

cen t r e s   of  the  wires  are  arranged  in  the  corners   of  a  square  w i t h  

a  side  equal  to  the  wire  d iamete r .   This  cord  however  leaves   a  

hollow  cav i ty   i n s ide ,   which  is  not  f i l l e d   up  with  rubber  d u r i n g  



v u l c a n i z i n g ,   and  moist  can  e a s i l y   t r a v e l   l eng thwise   through  t h i s  

cav i ty   thereby  provoking  c o r r o s i o n .   For  tha t   reason  i t   was 

proposed  to  make  an  open  4 x l - c o n f i g u r a t i o n ,   where  the  cen t re s   o f  

the  wires  are  again  arranged  in  the  corners   of  a  square ,   o r  

t h e r e a b o u t ,   th i s   square  having  a  side  l a rge r   than  the  w i r e  

d iameter   so  tha t   the  wires  are  kept  apar t   from  each  other   and  make 

the  hollow  cav i ty   ins ide   a c c e s s i b l e   for  the  p e n e t r a t i n g   r u b b e r  

during  v u l c a n i z a t i o n .   This  cord  is  however  d i f f i c u l t   to  i n t r o d u c e  

into  the  rubber  during  v u l c a n i z a t i o n .   During  i t s   i n t r o d u c t i o n  

indeed,   the  open  cord  comes  under  t ens ion   and  is  e longa ted   so  t h a t  

the  wires  are  drawn  t o g e t h e r   into  a  closed  cord.  For  th i s   r e a s o n ,  

a  c losed  2 + 2 - c o n s t r u c t i o n   was  f u r t h e r   proposed  as  an  a l t e r n a t i v e ,  

compr is ing   two  s t r ands   twis ted   around  each  other   with  a  c e r t a i n  

p i tch   p,  the  f i r s t   s t rand  compris ing  two  wires ,   h e l i c o i d a l l y  

deformed  and  running  side  by  side  in  p a r a l l e l   with  each  o t h e r  

without   twis t   around  each  o ther ,   and  the  second  s t rand   c o m p r i s i n g  

two  wires  twis ted   around  each  other  with  the  same  p i tch   p  w i t h  

which  th i s   s t rand  is  twis ted   around  the  f i r s t   s t r and .   This  c o r d ,  

a l though   showing  good  rubber  p e n e t r a t i o n ,   is  however  less   good  f o r  

a p p l i c a t i o n s   where  ex t ra   good  f a t i g u e   r e s i s t a n c e   is  aimed  at ,   and ,  

as  is  impor tan t   for  fuel  consumption,   also  low  tyre  weight .   I ndeed  

th i s   cord  is  r a the r   wide,  because  i t   is  not  p a r t i c u l a r l y   round,  so 

that   then  less   cords  can  be  la id   side  by  side  in  a  ply,  and 

fu r the rmore   the  ply  is  then  requi red   to  be  t h i c k e r .  

It  appears   consequen t ly   that   low  tyre  weight ,   good 

f a t i g u e   r e s i s t a n c e   and  good  rubber  p e n e t r a t i o n   for  c o r r o s i o n  

r e s i s t a n c e ,   are  d i f f i c u l t   to  r e c o n c i l e   with  each  other   in  one  and 

the  same  cord.  And  it   is  t h e r e f o r e   an  ob jec t   of  the  p r e s e n t  

i n v e n t i o n   to  procure  an  a l t e r n a t i v e   cord  c o n s t r u c t i o n ,   where  t h e s e  

three  c h a r a c t e r i s t i c s   are  a l l   th ree   s u f f i c i e n t l y   good.  



According  to  the  i n v e n t i o n ,   there   is  provided  a  s t e e l  

cord  for  the  r e in fo rcemen t   of  r e s i l i e n t   a r t i c l e s ,   in  the  form  of  a  
bundle  of  four  wires  twis ted  toge the r   with  the  same  p i t ch ,   a  f i r s t  

pair   of  said  wires  comprising  two  wires  of  s u b s t a n t i a l l y   s i m i l a r  

d iamete r ,   a  second  pair   of  said  wires  each  having  a  d iameter   n o t  

g r e a t e r   than  the  average  diameter   of  the  f i r s t   pa i r ,   a  wire  of  one 

pair   being  succeeded  by  a  wire  of  the  other   pair   along  t h e  

c i rcumference   of  the  bundle,  and  is  c h a r a c t e r i z e d   by  the  f a c t  

t h a t ,   in  a  s t r e t c h e d   cond i t i on   of  the  cord,  the  wires  of  the  f i r s t  

pa i r   are  t i g h t l y   twis ted   t oge the r   while  each  wire  of  the  second  

pair   is  spaced  from  the  wires  of  the  f i r s t   p a i r .  

P r e f e r a b l y ,   the  diameter   of  each  of  said  wires  of  t h e  

second  pair   is  smal ler   than  the  average  d iameter   of  the  f i r s t  

pa i r ,   e .g .   in  a  range  of  0.6  to  0.85  of  said  average  d i a m e t e r .  

In  other   words,  the  wires  of  the  f i r s t   pair   are  t w i s t e d  

as  t i g h t l y   as  p o s s i b l e ,   whereas  the  wires  of  the  second  pair   a r e  

l o o s e l y   twis ted   and  p r e f e r a b l y   t h i n n e r .   When  i t   is  necessa ry   t o  

i n t roduce   such  a  cord  in  the  s t r e t c h e d   cond i t ion   into  v u l c a n i z i n g  

rubber ,   the  cord  can  hardly  e longate   any  f u r t h e r   by  t i g h t e n i n g   i t s  

s t r u c t u r e   because  the  wires  of  the  f i r s t   pair   are  p r a c t i c a l l y  

complete ly   t i g h t .   But  in  such  a  s t r e t c h e d   c o n d i t i o n   the  two  w i r e s  

of  the  second  pair   are  loose ly   twis ted   and  keep  a  d i s t a n c e ,   so  

tha t   rubber  p e n e t r a t i o n   is  ensured.   Fur thermore   t h i s   c o r d  

c o n s t r u c t i o n   shows  a  s u f f i c i e n t   roundness ,   and  these  changes  i n  

geometry  appear  not  to  be  at  the  expense  of  f a t i g u e   r e s i s t a n c e ,   a s  

measured  by  the  Hunter  f a t i gue   t e s t .  

The  two  wires  of  the  f i r s t   pair   mustnot  n e c e s s a r i l y   have  

the  same  d iameter .   It  is  s u f f i c i e n t   that   the  d iameters   be 

" s u b s t a n t i a l l y   s i m i l a r " ,   i . e .   in  the  case  of  d i f f e r e n t   d i a m e t e r ,  

the  t h i c k e r   one  mustnot  be  more  than  120  % of  the  d iameter   of  t h e  

other  one,  p r e f e r a b l y   not  more  than  110  %. 



Although  it   is  not  e s s e n t i a l ,   i t   is  p r e f e r r e d   t h a t ,   i n  

free  c o n d i t i o n ,   the  wires  of  the  f i r s t   pa i r   are  as  t i g h t   a s  

p o s s i b l e ,   so  tha t   the  s t r u c t u r a l   e l o n g a t i o n   ( i . e .   t h e  
p e r c e n t a g e  E   of  e longa t ion   due  to  the  t i g h t e n i n g   of  the  s t r u c t u r e  

when  pass ing   from  the  s t r a i g h t   u n s t r e t c h e d   to  the  s t r e t c h e d  

c o n d i t i o n )   be  at  any  ra te   not  more  than  εm,  ,  a s   given  by  t h e  

f o r m u l a  

or  p r e f e r a b l y ,   as  given  by  the  f o r m u l a  

in  which  D a  is  the  average  diameter   of  these  two  wires  and  p  t h e  

twis t   p i t c h .  

For  a  g e o m e t r i c a l l y   r egu la r   twis t   along  the  l eng th ,   t h i s  

cor responds   to  saying  tha t   the  d i s t a n c e   between  the  two  wires  o f  

the  f i r s t   pa i r   in  s t r a i g h t   u n s t r e t c h e d   cond i t i on   be  not  more  t h a n  

0.3,  p r e f e r a b l y   not  more  than  0.15  times  the  average  d iameter   o f  

the  two  w i r e s .  

P r e f e r a b l y ,   in  the  s t r e t c h e d   cond i t ion   of  the  cord,  t h e  

spacing  of  each  wire  from  the  wires  of  the  second  pa i r ,   the  f i r s t  

pa i r   is  in  a  range  from  0.05  to  0.30  of  said  average  diameter   o f  

the  f i r s t   pa i r .   The  lower  l imi t   is  set  by  a  s u f f i c i e n t   g u a r a n t e e  

tha t   rubber  p e n e t r a t i o n   wi l l   be  ensured,   and  the  upper  l im i t   by 

the  n e c e s s i t y   tha t   under  normal  loads ,   the  two  loose  w i r e s  

p a r t i c i p a t e   s u b s t a n t i a l l y   in  tak ing   up  these  loads .   As  the  cord  i s  

not  p r e c i s e l y   g e o m e t r i c a l l y   r egu la r   along  the  l ength   of  the  c o r d ,  

th is   spacing  means  the  average  spacing  along  the  l e n g t h .  

The  cord  is  p r e f e r a b l y   used  in  i t s   dimension  range  u s a b l e  

for  l i g h t   t ruck  and  passenger   car  t y r e s ,   i . e .   with  an  a v e r a g e  

d iameter   of  the  f i r s t   pair   of  wires  in  the  range  of  0.14  to  0 . 4 0  

mm  and  with  a  twis t   p i tch   ranging  from  35  to  80  times  the  a v e r a g e  

d iamete r ,   as  an  a l t e r n a t i v e   of  the  4x1  cords  with  0.25  to  0.38  mm 

wire  d i a m e t e r .  



An  embodiment  of  the  i nven t ion   wil l   now  be  de sc r ibed   by 

way  of  example  with  r e fe rence   to  the  accompanying  drawings  i n  

w h i c h  :  

Figure  1  is  a  c r o s s - s e c t i o n a l   view  of  a  cord  according   to  t h e  

i n v e n t i o n ,   in  s t r e t c h e d   c o n d i t i o n  ;  

Figure  2  shows  a  t w i s t i n g   machine  for  making  the  cord  accord ing   t o  

the  i n v e n t i o n .  

Figure  3  shows  the  p rede fo rma t ion   par t   of  the  t w i s t i n g   mach ine .  

Figure  1  shows  a  c r o s s - s e c t i o n a l   c o n f i g u r a t i o n   of  t h e  

cord  accord ing   to  the  i nven t ion ,   and  in  s t r e t c h e d   c o n d i t i o n .   I t  

comprises  a  f i r s t   pair   of  s t e e l   wires  1  and  2  of  a  d iameter   o f  

0.28  mm  and  a  second  pai r   of  s t e e l   wires  3  and  4  of  a  d iameter   o f  

0.22  mm.  The  four  wires  form  a  bundle  of  four  wires  t w i s t e d  

t o g e t h e r   with  a  same  p i tch   of  14  mm.  In  th is   s t r e t c h e d   c o n d i t i o n ,  

the  wires  1  and  2  are  in  con tac t   with  each  other   along  a  c o n t a c t  

l i ne ,   which  runs  in  an  ax ia l   d i r e c t i o n   of  the  cord,  p e r p e n d i c u l a r  

to  the  plane  of  the  drawing,  through  contac t   point   5  between  t h e  

two  c r o s s - s e c t i o n s .   At  e i t h e r   side  of  th i s   con t ac t   l i n e ,   the  w i r e s  

leave  two  oppos i t e   V-shaped  or  wedge-shaped  r eces ses   6 ,  

r e s p e c t i v e l y   7.  These  wedge  shapes  run  h e l i c o i d a l l y   with  the  p i t c h  

of  the  wires ,   along  the  contac t   l i ne .   The  two  o ther   wires  3  and  4 

f i t   these  wedge  shapes  and run  h e l i c o i d a l l y   along  these  r e c e s s e s  

wi thout   c o n t a c t i n g   the  wires  1  and  2,  but  keeping  a  d i s t a n c e   d  o f  

about  0.04  mm  from  each  of  these  wi res ,   th i s   d i s t a n c e   being  an  

average  over  the  l ength   of  the  cord.  A  wire  of  the  pai r   1  and  2 

t h e r e f o r e   a l t e r n a t e s   with  a  wire  of  the  pair   3  and  4  along  t h e  

c i r cumfe rence   of  the  c o r d .  

In  a  n o n - s t r e t c h e d   c o n d i t i o n ,   i t   is  not  neces sa ry   t h a t  

the  wires  of  the  f i r s t   pair   be  complete ly   t i g h t l y   t w i s t e d  ;   r a t h e r  

i t   is  the  looseness   of  the  wires  of  the  second  pai r   in  s t r e t c h e d  

c o n d i t i o n ,   when  in t roduced   in  the  rubber ,   tha t   is  i m p o r t a n t .  



Thus,  in  an  u n s t r e t c h e d   free  c o n d i t i o n   the  wires  1  and  2  can  
e i t h e r   be  apar t   or  not  be  apa r t ,   accord ing   to  the  h e l i c o i d a l  
de fo rmat ion   given  to  the  wires  in  the  t w i s t i n g   p rocess .   They  a r e  
however  tw i s t ed   s u f f i c i e n t l y   t i g h t l y   so  as  not  be  f u r t h e r   a p a r t  
than  a  d i s t a n c e   of  0.042  mm.  For  these  cord  d imens ions ,   t h i s  

co r responds   to  a  s t r u c t u r a l   e l onga t i on   from  the  u n s t r e t c h e d   to  t h e  

s t r e t c h e d   c o n d i t i o n   of  maximum  0.0636  %. 

The  cord  is  made  by  a  process   using  a  c o n v e n t i o n a l  

d o u b l e - t w i s t e r   11  as  shown  in  f igure   2.  The  four  wires  1,  2,  3  and  

4  are  unwound  from  a  c r e e l ,   pass  through  a  gu id ing   p l a t e   12,  and 

converge  towards  a  t w i s t i n g - d i e   13  into  a  bundle.   From  t h e r e ,   t h e  

bundle  f u r t h e r   t r a v e l s   towards  the  d o u b l e - t w i s t e r   11,  where  i t  

en t e r s   a x i a l l y   through  the  r o t a t i o n   axis   15  of  the  t w i s t e r ,   o v e r  

the  r o t a t i n g   f l ye r   16  back  to  the  r o t a t i o n   axis  on  the  o ther   s i d e ,  

where  i t   en t e r s   a x i a l l y   in to   the  s t a t i o n a r y   c rad le   17  i n s i d e   t h e  

t w i s t e r   over  caps tan   19  for  winding  up  on  the  bobbin  18.  The 

bundle  is  drawn  from  the  unwinding  c ree l   through  the  machine  by 

caps tan   19.  As  well  known,  such  t w i s t e r   t w i s t s   the  four  wires  1  t o  

4  t oge the r   to  a  bundle  with  a  p i tch   depending  on  the  r e l a t i o n s h i p  

between  the  t r a v e l i n g   speed  given  by  the  caps tan   19  and  t h e  

r o t a t i o n   speed  of  the  f l y e r   16.  Although  the  double  t w i s t e r   o f  

Figure  2  is  of  the  type  with  winding-up  bobbin  i n s ide   the  t w i s t e r ,  

i t   is  c l ea r   tha t   the  type  with  winding-up  bobbin  o u t s i d e   t h e  

t w i s t e r   can  be  used  in  an  analogous  way. 

The  method  by  which  the  p r e d e f o r m a t i o n   is  given  to  t h e  

wires  1  to  4   is  shown  in  g r e a t e r   d e t a i l   on  Figure  3.  It   shows  t h e  

wires  1,  2,  3,  4  pass ing   through  the  holes  21,  22,  23,  24 

r e s p e c t i v e l y ,   of  the  guiding  p la te   12,  which  has  a  c i r c u l a r   form.  

On  the  ex i t   from  the  p l a t e ,   the  wires  1  and  2  are  deformed  into  a  

h e l i c o i d a l   form,  because  the  wires  r o t a t e   around  t h e i r   own  a x i s  

when  pass ing   through  the  hole:  the  t o r s i o n   given  to  each  wire  by 



the  double  t w i s t e r   11  is  t r a n s m i t t e d   back  through  t h e  

t w i s t i n g - d i e .   The  degree  of  p rede fo rmat ion   of  wires  1  and  2  i s  

determined  by  the  d i s t a n c e   of  the  holes  21  and  22  from  the  c e n t r e  

of  the  p l a t e ,   and  by  the  d i s t ance   of  the  guiding  p la te   from  t h e  

t w i s t i n g - d i e ,   as  is  well  known  in  the  a r t .   A  f u r t h e r   p o s s i b i l i t y  

of  a d j u s t i n g   the  p rede fo rma t ion   of  wires  1  and  2,  is  provided  by 

making  holes  21  and  22,  as  shown  in  Figure  3c,  in  the  form  o f  

hollow  screws,  screwed  in  the  p la te   so  as  to  make  the  d i s t a n c e  

between  the  ex i t   of  the  hole  and  the  t w i s t i n g - d i e   a d j u s t a b l e .   The 

degree  of  deformat ion   (openness)  of  wires  3  and  4  is  obtained  by 

the  fac t   tha t   these   wires ,   a f t e r   l eav ing   holes  23  and  24,  s l i g h t l y  

diverge  and  pass  over  the  rim  of  a  deformat ion   wheel  25,  f rom 

where  they  suddenly  converge  towards  the  t w i s t i n g - d i e   13.  T h i s  

deformat ion   wheel  has  an  axis  26,  screwed  in  the  guiding  p l a t e ,  

and  the  d i s t a n c e   from  the  p la te   can  be  changed  by  r o t a t i o n   of  t h e  

wheel.  The  degree  of  deformat ion   of  wires  3  and  4  can  be  a d j u s t e d  

by  a d j u s t i n g   t h i s   d i s t a n c e .  

For  e v a l u a t i n g   the  p r o p e r t i e s   of  th is   cord,  r e l a t i v e   t o  

i t s   a l t e r n a t i v e s ,   four  cords  were  compared  :  

Cord  A :  is  a  conven t iona l   4  x  0.25  mm  t i g h t   cord,  p i tch  12.5  mm ; 

Cord  B :  is  a  4  x  0.25  mm  open  cord,  p i tch  14  mm ; 

Cord  C :  i s  a  2  +  2  x  0 . 2 5  m m   cord,  as  descr ibed   in  U . S . - p a t e n t  

4 .408.444,   p i tch   14  mm. 

Cord  D :  is  a  cord  which  is  an  embodiment  of  the  i n v e n t i o n  :  

2  x  0.28  mm  +  2  x  0.22  mm,  p i tch   14  mm. 

Cord  E :  is  a  cord  which  is  another   embodiment  of  the  i n v e n t i o n  :  

2  x  0 . 2 5  m m  +  2  x  0 . 2 5   mm,  p i tch   14  mm. 

Of  these  f ive  cords,   a  number  of  p r o p e r t i e s   were  m e a s u r e d  :  

P e n e t r a t i o n   deg ree  :   is  expressed   in  terms  of  a i r   flow  ( l i t e r   p e r  

hour) .   A  c y l i n d r i c a l   rubber  rod  of  220  mm  length   and  15 

mm  t h i c k n e s s   is  formed  around  4  a x i a l l y   running  cords,   by 

v u l c a n i z i n g   under  a  p ressure   of  20  bar  under  s t a n d a r d  



c o n d i t i o n s .   Both  ends  of  the  rod  are  then  submit ted   to  a  

g r adua l ly   r a i s i n g   p r e s su re   d i f f e r e n c e   from  0  to  9  bar  and  

the  a i r   flow  curve  is  recorded  or  c a l c u l a t e d   by 

r e g r e s s i o n   a n a l y s i s .   The  p e n e t r a t i o n   degree  is  t h e n  

expressed  by  the  a i r   flow  at  4  bar.  A  large   a i r   f l ow  

consequen t ly   means  poor  rubber  p e n e t r a t i o n .  

Fat igue   r e s i s t a n c e  :   is  the  value  in  Newton/mm  of  the  f a t i g u e  

r e s i s t a n c e   of  the  cord,  as  measured  by  the  H u n t e r  

r o t a t i n g - b e a m   f a t i g u e   t e s t .  

Cord  t h i c k n e s s  :   is  the  average,   over  the  cord  l eng th ,   of  the  c o r d  

t h i c k n e s s ,   measured  accord ing   to  the  s t andard   ASTM-test 

D2969-76,  i . e .  :   between  two  p a r a l l e l   s u r f a c e s ,   having  a  

length   of  at  l e a s t   the  lay  l ength   of  the  p i t c h ,   and  a t  

th ree   l o c a t i o n s   where  in  each  two  measurements  are  made 

in  o r i e n t a t i o n   which  are  90  degrees  a p a r t .  

Diameter  f l u c t u a t i o n  :   is  ha l f   the  d i f f e r e n c e   between  the  maximum 

and  minimum  cord  t h i c k n e s s ,   (measured  accord ing   to  t h e  

s tandard   t e s t   above :   i . e .   at  the  l o c a t i o n   which  has  t h e  

g r e a t e s t   spread  between  maximum  and  minimum  t h i c k n e s s )  

and  as  such  a  measure  of  the  o v a l i t y   of  the  c r o s s - s e c t i o n .  

Breaking  l oad  :   is  the  t e n s i l e   load  l im i t   where  the  cord  b r e a k s .  

S t i f f n e s s   in  r u b b e r  :   is  a  value  for  e v a l u a t i n g   tyre   wear  v e r s u s  

d r iv ing   comfort .   If  too  high,  comfort  is  low  but  t y r e  

wear  too,  and  the  inve r se   occurs  when  the  s t i f f n e s s   i s  

too  low.  A  value  in  the  range  100-200  is  g e n e r a l l y  

p r e f e r r e d .  

The  s t i f f n e s s   va lue  ξk   is  given  by  the  f o r m u l a  

in  which  Mo  and  Mlo  are  the  va lues ,   in  Newton  m i l l i m e t e r ,  

of  the  Taber  S t i f f n e s s   and  the  Taber  counter   Moment 

r e s p e c t i v e l y ,   of  a  cord  sample  of  75  mm,  bent  over  15° 

and  unbent  in  a  Taber  V-5  S t i f f n e s s   Tes t e r .   The  sample  i s  

embedded  in  rubber  to  form  a  diameter   of  3  mm. 



The  r e s u l t s   are  given  in  the  t ab le   b e l o w  :  

From  th is   t ab l e ,   i t   can  be  seen  tha t   cord  B  and  the  c o r d s  

which  are  an  embodiment  of  the  i n v e n t i o n   can  well  r e c o n c i l e  

p e n e t r a t i o n   degree,   f a t i gue   r e s i s t a n c e   and  s u f f i c i e n t   compac tness  

(as  to  B  to  a  lower  degree) .   But,  what  is  i m p o r t a n t  :   the  o t h e r  

neces sa ry   p r o p e r t i e s ,   such  as  cord  s t i f f n e s s ,   are  not  l o s t .   The 

good  p e n e t r a t i o n   degree  of  cord  B  was  however  ob ta ined   at  t h e  

expense  of  s p e c i a l   p r e c a u t i o n s   to  avoid  t ens ion   d u r i n g  

v u l c a n i z i n g ,   which  is  not  necessary   with  the  cord  which  is  an  

embodiment  of  the  i n v e n t i o n .  



1.  A  s t e e l   cord  for  the  r e i n fo r cemen t   of  r e s i l i e n t   a r t i c l e s ,   i n  

the  form  of  a  bundle  of  four  wires  twis ted   t o g e t h e r   with  t h e  

same  p i t ch ,   a  f i r s t   pair   of  said  wires  compr is ing   two  wires  o f  

s u b s t a n t i a l l y   s i m i l a r   d iamete r ,   a  second  pa i r   of  sa id   w i r e s  

each  having  a  d iameter   not  g r e a t e r   than  the  average  d i a m e t e r  

of  the  f i r s t   pa i r ,   a  wire  of  one  pa i r   being  succeeded  by  a  
wire  of  the  other   pair   along  the  c i r cumfe rence   of  the  b u n d l e ,  

c h a r a c t e r i z e d   by  the  fac t   t h a t ,   in  a  s t r e t c h e d   c o n d i t i o n   o f  

the  cord,  the  wires  of  the  f i r s t   pair   are  t i g h t l y   t w i s t e d  

toge the r   while  each  wire  of  the  second  pa i r   is  spaced  from  t h e  

wires  of  the  f i r s t   p a i r .  

2.  A  s t e e l   cord  as  claimed  in  claim  1,  c h a r a c t e r i z e d   in  tha t   t h e  

d iameter   of  each  of  said  wires  of  the  second  pa i r   is  s m a l l e r  

than  the  average  diameter   of  the  f i r s t   p a i r .  

3.  A  s t ee l   cord  as  claimed  in  claim  2,  c h a r a c t e r i z e d   in  tha t   t h e  

d iameter   of  each  of  said  wires  of  the  second  pa i r   is  in  a  

range  of  0.6  to  0.85  of  the  average  d iameter   of  the  f i r s t   p a i r .  

4.  A  s t e e l   cord  as  claimed  in  any  of  claims  1  to  3,  c h a r a c t e r i z e d  

in  t h a t ,   in  the  s t r e t c h e d   cond i t i on   of  the  cord  the  spacing  o f  

each  wire  of  the  second  pa i r   from  the  wires  of  the  f i r s t   p a i r  

is  in  a  range  from  0.05  to  0.30  of  said  average  d iameter   o f  

the  f i r s t   p a i r .  

5.  A  s t e e l   cord  as  claimed  in  any  of  claims  1  to  4,  c h a r a c t e r i z e d  

in  tha t   said  average  d iameter   l i e s   in  a  range  from  0.14  t o  

0.40  mm  and  the  twis t   p i tch   in  a  range  from  35  to  80  t i m e s  

said  average  d i a m e t e r .  



6.  A  rubber  product  r e i n f o r c e d   with  a  s t ee l   cord  as  claimed  i n  

any  of  the  preceding   c l a i m s .  

7.  A  veh i c l e   tyre  r e i n f o r c e d   with  a  s t ee l   cord  as  claimed  in  any 
of  claims  1  to  5.  
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