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Description 

FIELD  OF  THE  INVENTION 

5  The  present  invention  relates  to  a  steel  cord  adapted  for  the  reinforcement  of  elastomeric  articles  such  as  the 
carcass  plies  and  breaker  plies  of  pneumatic  radial  tyres,  conveyor  belts,  hoses  and  timing  belts. 

BACKGROUND  OF  THE  INVENTION 

10  In  the  art  of  using  steel  cords  adapted  to  reinforce  elastomeric  articles  a  general  trend  towards  a  simpler  steel  cord 
construction  which  can  be  manufactured  in  one  single  twisting  step  and  consisting  of  fewer  and  fewer  steel  filaments 
has  been  recognised.  Recently,  in  the  art  of  reinforcing  truck  tyres,  there  has  been  a  trend  toward  using  non-wrapped 
layered  steel  cord  construction. 

It  is  known  that  providing  a  layered  steel  cord  construction  with  a  wrapping  filament  influences  the  properties  and 
is  behaviour  of  steel  cord  construction,  especially  the  stiffness  and  the  elasticity. 

Simply  omitting  the  wrapping  filament  without  amending  the  properties  of  the  other  steel  filaments,  constituting  the 
steel  cord,  in  order  to  fill  in  the  demand  for  non-wrapped  constructions  can  lead  to  a  great  many  problems  of  process- 
ability.  In  particular,  irregular  spacing  of  the  non-wrapped  layered  steel  cord  construction  has  been  observed  in  the 
elastomeric  plies. 

20  RESEARCH  DISCLOSURE  RD  17534  discloses  a  non-wrapped  steel  cord  where  the  outer  filaments  are  helically 
laid  under  high  tension  around  waved  core  wires  so  that  the  core  wires  are  anchored  in  the  cord. 

SUMMARY  OF  THE  INVENTION 

25  It  is  an  object  of  the  present  invention  to  reduce  the  problems  of  the  prior  art. 
It  is  another  object  of  the  present  invention  to  provide  for  a  non-wrapped  steel  cord  with  good  processability  properties. 
It  is  further  object  of  the  present  invention  to  provide  for  a  non-wrapped  steel  cord  which  does  not  lead  to  irregular 
spacing  in  elastomeric  plies. 

According  to  the  present  invention,  there  is  provided  a  steel  cord  adapted  for  the  reinforcement  of  elastomeric 
30  articles.  The  steel  cord  comprises  a  centre  structure  of  one  to  five  centre  filaments  and  a  maximum  of  two  layers  of 

layer  filaments  surrounding  said  centre  :  an  outer  layer  of  outer  layer  filaments  and,  possibly,  one  or  more  intermediate 
layers  of  intermediate  layer  filaments  between  the  centre  structure  and  the  outer  layer.  All  the  centre  filaments  and  all 
the  layer  filaments  have  the  same  twist  hand  and  the  same  twist  pitch.  The  outer  layer  filaments  have  a  performing 
ratio  smaller  or  equal  to  100%  so  that  they  exert  a  force  which  is  directed  radially  inward  and  which  is  of  such  a 

35  magnitude  that  sleeving  of  the  steel  cord  is  prevented. 
A  steel  cord  "adapted  for  use  in  the  reinforcement  of  elastomeric  articles"  means  that  the  steel  cord  has  the  nec- 

essary  features  to  reinforce  elastomeric  articles.  This  means,  either  alone  or  in  combination,  that  : 

the  steel  cord  comprises  steel  filaments  with  a  diameter  ranging  from  0.05  mm  to  0.80  mm,  and  preferably  from 
40  0.05  mm  to  0.45  mm  ; 

the  steel  filaments  are  coated  with  a  layer  that  promotes  adhesion  to  the  elastomer  ;  in  the  case  of  a  rubber  elas- 
tomer,  copper  alloy  coatings  such  as  brass  (either  low  -  63.5  %  Cu  -  or  high  copper  -  67.5  %  Cu)  or  a  complex 
brass  coating  (Ni  +  brass,  brass  +  Co...)  having  a  thickness  of  0.15  to  0.35  urn  are  particularly  suitable  ; 
the  steel  filaments  have  a  composition  which  is  along  the  following  lines  :  a  carbon  content  ranging  from  0.70  to 

45  0.98  %,  a  manganese  content  ranging  from  .10  to  1  .10  %,  a  silicon  content  ranging  from  .10  to  0.90  %,  sulphur 
and  phosphorous  contents  limited  to  0.15  %,  preferably  to  0.010  %  ;  additional  elements  such  as  chromium  (up 
to  0.20-0.40  %),  copper  (up  to  0.20  %)  and  vanadium  (up  to  0.30  %)  may  be  added. 

Layered  steel  cord  construction  where  all  the  centre  filaments  and  all  the  layer  filaments  have  the  same  twist  hand 
so  and  the  same  twist  pitch  are  called  compact  cord  constructions.  The  present  inventors  have  discovered  that  the  problem 

of  spacing  of  the  non-wrapped  steel  cords  in  the  elastomeric  plies  is  due  to  the  outer  layer  filaments  being  over  length 
or  due  to  insufficient  tension  in  the  outer  layer  filaments,  the  filaments  in  the  cord  no  longer  contact  one  another  when 
drawn  through  an  opening  which  is  equal  to  the  diameter  of  the  steel  cord  (sleeving  will  be  described  in  more  detail 
with  reference  to  the  drawings).  It  is  a  fact  that  the  wrapping  filament  of  wrapped  compact  cord  constructions  compen- 

55  sates  for  a  number  of  imperfections  in  the  remaining  cord.  The  wrapping  filament,  if  put  under  sufficient  tensile  tensions, 
holds  the  cord  tightly  together.  A  non-wrapped  cord  which  is  fixed  enough  and  tight  enough  to  enable  easy  processing 
and  to  prevent  sleeving  can  be  obtained  by  having  the  outer  layer  filaments  exerting  a  force  which  is  directed  radially 
inwards  towards  the  centre  of  the  cord.  In  other  words,  the  function  of  holding  the  cord  fixed  through  the  force  once 
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exerted  by  the  wrapping  filament,  is  now  provided  by  the  force  exerted  by  the  outer  layer  filaments. 
Having  the  outer  layer  filaments  exerting  a  force  which  is  directed  radially  inward  is  realized  by  preforming  the 

outer  layer  filaments  so  that  they  have  a  preforming  ratio,  as  defined  hereinafter,  which  is  smaller  than  or  equal  to  one 
hundred  per  cent. 

5  The  "preforming  ratio"  of  a  particular  filament  is  herein  defined  as  follows  : 

diameter  of  the  helicoid  of  the  disentangled  filament  qq diameter  of  the  helicoid  of  the  filament  in  the  cord 

10  In  order  to  avoid  the  sleeving  of  the  cord,  the  preforming  ratio  of  the  outer  layer  filaments  is  kept  as  low  as  possible. 
The  preforming  ratio  of  the  outer  layer  filaments,  however,  must  have  a  lower  limit  in  order  to  avoid  flare,  i.e.  the 
spreading  of  the  filament  ends  after  cutting  of  the  cord. 

The  radially  inward  force  can  be  increased  by  providing  the  outer  layer  filaments  with  residual  torsions  which  tend 
to  close  the  steel  cord. 

15  The  "number  of  residual  torsions"  are  herein  defined  as  the  number  of  revolutions  one  end  of  a  specified  length  of  cord 
or  filament  is  allowed  to  turn  freely. 
In  order  to  avoid  sleeving  of  the  cord,  the  degree  of  residual  torsions  of  the  outer  layer  filaments  in  the  direction  of 
closing  of  the  cord  is  made  as  high  as  possible,  nevertheless  the  degree  of  residual  torsions  of  the  outer  filaments  is 
limited  in  order  to  avoid  other  kinds  of  processability  problems. 

20  The  direction  of  closing  of  the  cord  is  obtained  by  turning  the  outer  layer  filaments  in  the  same  direction  as  the 
direction  of  the  previous  twisting  of  the  steel  cord. 
In  order  to  obtain  a  torsion  balance  in  the  steel  cord  some  or  all  of  the  filaments  other  than  the  outer  filaments  have 
residual  torsions  which  tend  to  open  the  steel  cord. 

The  radially  inward  force  can  also  be  increased  by  putting  the  outer  layer  filaments  in  the  steel  cord  under  a  tensile 
25  force. 

The  outer  layer  filaments  are  put  under  a  tensile  force  in  the  steel  cord,  if  after  careful  disentangling  of  the  outer 
filaments,  the  twist  pitch  of  the  disentangled  outer  filaments  is  smaller  than  the  twist  pitch  of  the  steel  cord. 
In  order  to  obtain  a  tension  balance  in  the  steel  cord,  some  or  all  of  the  filaments  other  than  the  outer  layer  filaments 
are  put  under  a  compressive  force  in  the  steel  cord. 

30  Preferably,  at  least  part  of  the  surface  of  the  filaments  is  provided  with  a  lubricant  in  order  to  obtain  a  steel  cord 
which  slides  more  easily  through  narrow  openings  and  which  is  less  prone  to  sleeving.  The  lubricant  must  be  of  a  kind 
that  does  not  harm  the  adhesion  to  the  elastomer  and  preferably  of  a  kind  that  will  promote  the  adhesion  of  the  steel 
cord  to  the  elastomer. 

In  order  to  facilitate  further  the  processability  of  the  steel  cord,  the  steel  cord  as  a  whole  is  preferably  free  of  residual 
35  torsions  and  has  no  flare. 

In  a  first  embodiment  of  the  present  invention,  the  steel  cord  has  a  centre  structure  of  only  one  (outer)  layer. 
In  one  example  of  this  first  embodiment  the  layer  structure  consists  of  three  centre  filaments  and  the  outer  layer  consists 
of  nine  layer  filaments. 
In  another  example  the  centre  structure  consists  of  only  one  centre  filament  and  the  outer  layer  consists  of  six  layer 

40  filaments. 
I  n  both  of  these  examples  the  diameter  of  the  centre  filament  may  be  greater  that  the  diameter  of  the  layer  filaments. 

Diameter  differences  of  0.02  to  0.10  mm,  e.g.  of  0.02  to  0.06  mm,  are  common. 
In  a  second  embodiment  of  the  present  invention,  the  steel  cord  has  a  centre  structure,  an  intermediate  layer  and 

an  outer  layer.  In  one  example  of  this  second  embodiment  the  centre  structure  consists  of  one  centre  filament,  the 
45  intermediate  layer  of  six  intermediate  layer  filaments  and  the  outer  layer  of  twelve  outer  layer  filaments. 

In  another  example  the  centre  structure  consists  of  three  centre  filaments,  the  intermediate  layer  of  nine  intermediate 
layer  filaments  and  the  outer  layer  of  fifteen  outer  layer  filaments.  In  both  examples  the  diameter  of  the  centre  filaments 
may  be  larger  than  the  diameter  of  the  intermediate  and  outer  layer  filaments.  Diameter  differences  of  0.02  to  0.  1  0  mm 
are  common. 

50  The  part  load  elongation  of  any  of  the  centre  filaments  is  preferably  smaller  that  the  part  load  elongation  of  any  of 
the  outer  layer  filaments. 
The  term  "part  load  elongation"  is  herein  defined  as  the  increase  in  length  of  a  gauge  length  at  a  tension  of  between 
0  to  2.5  Newton  and  of  another  predetermined  tension  between  20  and  50  Newton.  The  part  load  elongation  of  an 
individual  steel  filament  is  measured  on  the  individual  steel  filament  after  twisting  of  the  steel  cord  and  after  careful  - 

55  i.e.  without  plastically  deforming  -  disentangling  of  the  steel  filament  from  out  of  the  steel  cord. 
In  the  case  of  the  second  embodiment,  the  part  load  elongation  of  any  of  the  intermediate  layer  filaments  is  preferably 
smaller  than  the  part  load  elongation  of  any  of  the  outer  layer  filaments. 

With  respect  to  the  part  load  elongation  of  the  outer  layer  filaments,  two  subembodiments  are  possible  : 

3 
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(1  )  the  part  load  elongation  of  any  of  the  outer  layer  filaments  is  within  a  narrow  range  ; 
OR 

(2)  the  part  load  elongation  of  any  of  those  outer  layer  filaments  that  contact  two  intermediate  layer  filaments  is 
smaller  than  the  part  load  elongation  of  any  of  those  outer  layer  filaments  that  contact  only  one  intermediate  layer 

5  filament. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  invention  will  now  be  described  in  more  detail  with  reference  to  the  accompanying  drawings  wherein 
10 

FIGURE  1  schematically  illustrates  the  phenomenon  of  sleeving  ; 
FIGURE  2(a)  illustrates  a  cross  section  of  a  cord  according  to  a  first  embodiment  of  the  present  invention  ; 
FIGURE  2(b)  illustrates  an  outer  layer  filament  taken  out  of  a  cord  according  to  a  first  embodiment  of  the  present 
invention  ; 

is  -  FIGURE  3(a)  illustrates  a  cross-section  of  a  cord  according  to  a  second  embodiment  of  the  present  invention  ; 
FIGURE  3(b)  illustrates  an  outer  layer  filament  taken  out  of  a  cord  according  to  a  second  embodiment  of  the  present 
invention  ; 
FIGURE  3(c)  illustrates  an  intermediate  filament  taken  out  of  a  cord  according  to  a  second  embodiment  of  the 
present  invention  ; 

20  -  FIGURES  4  and  5  show  curves  of  part  load  elongation  of  filaments  taken  out  of  a  cord  according  to  the  second 
embodiment  of  the  present  invention  ; 
FIGURE  6  schematically  illustrates  the  way  of  manufacturing  a  steel  cord  according  to  the  present  invention. 

DETAILED  DESCRIPTION  OF  PREFERRED  EMBODIMENTS  OF  THE  INVENTION 
25 

FIGURE  1  schematically  illustrates  the  phenomenon  of  sleeving.  The  steel  cord  10  is  drawn  through  a  small  open- 
ing,  and  loses  its  compactness,  i.e.  the  centre  filaments  no  longer  contact  intermediate  layer  filaments  and/or  the 
intermediate  layer  filaments  no  longer  contact  outer  layer  filaments.  This  is  to  be  avoided  in  the  case  of  compact  cords, 
especially  if  these  compact  cords  are  to  lie  very  close  to  one  another  in  an  elastomeric  ply  of  a  radial  tyre,  particularly 

30  in  a  carcass  ply  or  particularly  in  the  case  of  the  process  of  embedding  the  compact  cords  in  an  elastomeric  ply  in  an 
extrusion  process. 

In  the  context  of  the  present  invention,  a  compact  steel  cord  is  considered  to  be  a  non-sleeving  steel  cord  if  it 
remains  a  compact  cord,  i.e.  with  the  outer  layer  filaments  12  contacting  radially  the  inner  filaments,  after  pulling  a 
length  of  six  metres  of  a  steel  cord  10,  with  both  ends  burnt  (in  order  to  avoid  lengthwise  shifting  of  the  individual 

35  filaments  with  respect  to  one  another),  through  a  die  14  which  has  an  opening  equal  to  the  diameter  of  the  steel  cord 
1  0.  The  sleeving  phenomenon  has  a  cumulative  effect  :  if  sleeving  occurs,  the  diameter  of  the  steel  cord  1  0  before  the 
die  1  4  gradually  increases  over  the  length  of  the  steel  cord  and  forms  a  so-called  "blister".  Should  a  change  in  filament 
position  occur  within  the  length  of  the  steel  cord,  sleeving  is  stopped  temporarily  when  the  change  in  filament  position 
passes  through  the  die,  i.e.  the  blister  disappears.  A  cord  which  is  prone  to  sleeving,  however,  starts  again  forming  a 

40  blister  after  the  change  in  filament  position  has  passed  through  the  die. 
FIGURE  2(a)  shows  the  cross-section  of  a  first  embodiment  of  the  present  invention,  i.e.  a  steel  cord  10  with  a 

centre  structure  of  three  centre  filaments  1  6  and  only  one  (outer)  layer  with  nine  outer  layer  filaments  12,  13. 
An  example  of  such  a  cord  is  : 

45 
3x0.25/9x0.23 

Arrow  1  8  designates  the  twisting  direction  of  the  steel  cord  1  0  (e.g.  in  Z-direction).  The  non-sleeving  has  been  realized 
by  providing  the  outer  layer  filaments  12,13  with  residual  torsions  in  the  same  direction  as  the  twisting  direction  of  the 

50  steel  cord  10.  The  direction  of  these  residual  torsions  is  designated  by  arrow  20. 
FIGURE  2(b)  shows  another  way  of  realizing  a  non-sleeving  cord.  The  helicoid  of  the  disentangled  outer  layer 

filament  1  2  has  a  diameter  D  which  is  smaller  than  the  diameter  D0  of  the  helicoid  of  the  outer  layer  filament  1  2  in  the 
twisted  steel  cord  10  (22  designates  the  virtual  cylinder  around  the  twisted  steel  cord).  In  other  words  the  preforming 
ratio  of  the  outer  layer  filaments  is  smaller  than  1  00  %. 

55  FIGURE  3(a)  shows  the  cross-section  of  a  second  embodiment  of  a  steel  cord  1  0  according  to  the  present  invention. 
The  steel  cord  10  has  a  centre  consisting  of  one  single  centre  filament  16,  an  intermediate  layer  of  six  intermediate 
layer  filaments  24  and  an  outer  layer  of  twelve  outer  layer  filaments  12,  13:  outer  layer  filaments  1  2  which  contact  only 
one  intermediate  layer  filament  24  and  outer  layer  filaments  1  3  which  contact  two  intermediate  layer  filaments  24. 

4 
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An  example  of  such  a  cord  is  as  follows  : 

1  x  0.22/6x0.20/  12x0.20 

5 
The  direction  of  twisting  of  the  steel  cord  has  been  designated  by  arrow  1  8  (e.g.  Z  direction).  The  outer  layer  filaments 
have  residual  torsions  in  the  Z-direction  (see  arrow  20)  which  tend  to  close  the  steel  cord.  In  order  to  realize  a  torsion 
balance  and  a  steel  cord  which  is  as  a  whole  free  of  residual  torsion,  the  intermediate  layer  filaments  24  have  residual 
torsions  in  the  S-direction,  i.e.  residual  torsions  which  tend  to  open  the  steel  cord. 

10  Figure  3(b)  shows  another  way  of  realizing  a  non-sleeving  cord  :  the  preforming  ratio  (D/D0)  x  100  of  the  outer 
layer  filaments  12,  1  3  is  smaller  than  1  00  %. 
As  illustrated  by  FIGURE  3(c),  the  preforming  ratio  (D/D0)  x  100  of  the  intermediate  layer  filaments  24  can  be  greater 
than  1  00  %. 

FIGURES  4  and  5  illustrate  the  part  load  elongation  (PLE)  of  the  individual  disentangled  steel  filaments  (not  of  the 
15  whole  steel  cord)  of  steel  cords  according  to  the  present  invention.  The  abscissa  is  the  increase  in  length  or  elongation, 

the  Y  coordinate  is  the  tension  (2.5  N  -  50  N)  exerted  on  the  individual  disentangled  steel  filaments. 
FIGURE  4  corresponds  to  the  embodiment  where  the  non-sleeving  has  been  realized  by  the  residual  torsions  of 

the  outer  layer  filaments  which  close  the  cord.  The  PLE-values  of  the  intermediate  layer  filaments  24  are  represented 
by  curves  28  which  are  all  within  a  narrow  range.  The  PLE  values  of  outer  layer  filaments  13  which  contact  two  inter- 

20  mediate  layer  filaments  24,  are  represented  by  curves  30  which  are  also  within  a  narrow  range.  Finally,  the  PLE-values 
of  outer  layer  filaments  12  which  contact  only  one  intermediate  filament  24,  are  represented  by  curves  32  which  are 
also  within  a  narrow  range. 
FIGURE  5  corresponds  to  the  embodiment  where  the  non-sleeving  has  been  realized  by  preforming  ratios  of  the  outer 
filaments  which  are  smaller  than  1  00  %.  The  PLE-values  of  the  intermediate  layer  filaments  24  are  again  represented 

25  by  curves  28  which  are  all  within  a  narrow  range.  The  PLE-values  of  all  the  outer  layer  filaments  12  and  13  are  now 
within  the  same  narrow  range  and  are  represented  by  curves  34. 

A  method  of  manufacturing  steel  cords  according  to  the  present  invention  is  illustrated  in  FIGURE  6.  Starting  from 
the  left  side  of  FIGURE  6,  the  individual  steel  filaments  12,  13,  16  and  24  are  drawn  from  the  supply  spools  36  and 
guided  via  a  distributing  disc  38  to  a  twisting  die  40.  A  lubricant  can  be  added  to  the  steel  filaments  as  they  enter  into 

30  the  twisting  die  40.  The  filaments  are  directed  to  a  guiding  pulley  42  where  they  receive  a  first  twist  for  each  rotation 
of  flyer  44.  The  (partially)  twisted  cord  is  guided  over  flyer  44  to  a  reversing  pulley  46  where  the  cord  receives  a  second 
twist  for  each  rotation  of  flyer  44.  The  twisted  cord  10  is  subsequently  led  to  a  rotating  false  twister  48  which,  as  is 
generally  known  in  the  art,  can  free  the  whole  steel  cord  of  residual  torsion.  A  capstan  50  draws  the  steel  cord  through 
all  the  upstream  steps.  The  steel  cord  is  further  led  to  a  straightener  52  and  wound  over  a  guiding  pulley  54  on  spool  56. 

35  The  embodiment  of  the  outer  layer  filaments  12,13  having  residual  torsions  which  tend  to  close  the  steel  cord  1  0 
can  be  realized  by  giving  the  outer  layer  filaments  12,  13  torsions  which  are  opposite  in  direction  to  and  smaller  in 
number  than  the  torsions  given  to  the  outer  layer  filaments  and  to  the  steel  cord  during  the  twisting  process.  Tuning  of 
the  revolution  speed  of  the  false  twister  48  can  free  the  whole  steel  cord  10  of  residual  torsion,  while  the  outer  layer 
filaments  12,13  tend  to  close  the  steel  cord  1  0  and  the  intermediate  layer  filaments  24  tend  to  open  the  steel  cord  1  0. 

40  The  embodiment  of  the  outer  layer  filaments  12,  13  having  a  preforming  ratio  smaller  than  100  %  can  be  realized  by 
correct  location  of  the  guiding  holes  for  the  outer  layer  filaments  in  the  distributing  disc  38  and  by  suitably  arranging 
the  distance  between  the  distributing  disc  38  and  the  twisting  die  40.  The  greater  the  angle  formed  by  the  outer  layer 
filaments  12,13  and  the  centre  filament  1  6  when  approaching  the  twisting  die  40,  the  greater  the  preforming  degree. 

The  embodiment  where  the  outer  layer  filaments  are  under  a  tensile  force  in  the  cord  can  be  realized  by  drawing 
45  a  length  for  the  outer  layer  filaments  12,  13  from  the  supply  spools  36  which  is  slightly  insufficient  and  thus  smaller 

than  the  length  really  needed  in  the  final  twisted  cord.  This  can  be  obtained  by  preventing  the  twists  given  to  the  cord 
and  the  filaments  from  travelling  upstream  from  reversing  pulley  46  to  guiding  pulley  42. 

50  Claims 

1.  A  steel  cord  (10)  adapted  for  the  reinforcement  of  elastomeric  articles,  such  a  steel  cord  comprising  a  centre 
structure  of  one  to  five  centre  filaments  (16)  and  at  least  one  layer  of  layer  filaments  surrounding  said  centre  :  an 
outer  layer  of  outer  layer  filaments  (13)  and,  possibly,  one  or  more  intermediate  layers  of  intermediate  layer  fila- 

55  ments  (24)  between  the  centre  structure  and  the  outer  layer,  all  the  centre  filaments  (16)  and  all  the  layer  filaments 
(13,24)  having  the  same  twist  and  having  the  same  twist  pitch,  characterized  in  that  the  outer  layer  filaments  a 
preforming  ratio  which  is  smaller  than  or  equal  to  one  hundred  per  cent  so  that  they  exert  a  force  which  is  directed 
radially  inward  and  which  is  of  such  a  magnitude  that  sleeving  of  the  steel  cord  is  prevented. 
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10 

2.  A  steel  cord  according  to  claim  1  wherein  the  steel  cord  has  no  wrapping  filament. 

3.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  at  least  part  of  the  surface  of  the  filaments  has  been 
provided  with  a  lubricant. 

5 
4.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  steel  cord  has  only  one  layer  of  layer  filaments 

(13). 

5.  A  steel  cord  according  to  claim  4  wherein  the  centre  structure  consists  of  three  centre  filaments  (16). 
10 

6.  A  steel  cord  according  to  any  of  claims  4  or  5  wherein  the  layer  consists  of  nine  layer  filaments  (1  3). 

7.  A  steel  cord  according  to  claim  4  wherein  the  centre  structure  consists  of  one  centre  filament  (16). 

is  8.  A  steel  cord  according  to  any  of  claims  4  or  7  wherein  the  layer  consists  of  six  layer  filaments  (1  3). 

9.  A  steel  cord  according  to  any  of  claims  4  to  8  wherein  all  the  centre  filaments  (16)  have  the  same  diameter,  all  the 
layer  filaments  have  the  same  diameter  (1  3)  and  wherein  the  diameter  of  the  centre  filaments  is  greater  than  the 
diameter  of  the  layer  filaments. 

20 
10.  A  steel  cord  according  to  any  of  claims  1  to  3  wherein  the  steel  cord  has  an  intermediate  layer  of  intermediate 

layer  filaments  (24). 

11.  A  steel  cord  according  to  claim  1  wherein  all  the  centre  filaments  (16)  have  the  same  diameter,  all  the  intermediate 
25  layer  filaments  (24)  have  the  same  diameter  and  all  the  outer  layer  filaments  (1  3)  have  same  diameter  and  wherein 

the  diameter  of  the  centre  filaments  is  greater  than  the  diameter  of  the  intermediate  layer  filaments. 

12.  A  steel  cord  according  to  any  of  claims  10  to  11  wherein  the  number  of  centre  filaments  (16)  is  one,  the  number 
of  intermediate  layer  filaments  (24)  is  six  and  the  number  of  outer  layer  filaments  (1  3)  is  twelve. 

30 
13.  A  steel  cord  according  to  any  of  claims  10  to  11  wherein  the  number  of  centre  filaments  (16)  is  three,  the  number 

of  intermediate  layer  filaments  (24)  is  nine  and  the  number  of  outer  layer  filaments  (1  3)  is  fifteen. 

14.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  outer  layer  filaments  have  residual  torsions 
35  which  tend  to  close  the  steel  cord. 

15.  A  steel  cord  according  to  any  of  claims  10  to  14  wherein  the  intermediate  layer  filaments  have  residual  torsions 
which  tend  to  open  the  steel  cord. 

40  16.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  centre  filaments  (16)  have  residual  torsions 
which  tend  to  open  the  steel  cord. 

17.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  outer  layer  filaments  are  under  a  tensile  force 
in  the  cord. 

45 
18.  A  steel  cord  according  to  any  of  claims  10  to  17  wherein  the  intermediate  layer  filaments  are  under  a  compressive 

force  in  the  cord. 

19.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  part  load  elongation  of  any  of  the  centre  filaments 
so  is  smaller  than  the  part  load  elongation  of  any  of  the  outer  layer  filaments. 

20.  A  steel  cord  according  to  any  of  claims  10  to  19  wherein  the  part  load  elongation  of  any  of  the  intermediate  layer 
filaments  is  smaller  than  the  part  load  elongation  of  any  of  the  outer  layer  filaments. 

55  21.  A  steel  cord  according  to  claims  10  to  20  wherein  the  part  load  elongation  of  any  of  those  outer  layer  filaments 
that  contact  two  intermediate  layer  filaments  is  smaller  than  the  part  load  elongation  of  any  of  those  outer  layer 
filaments  that  contact  only  one  intermediate  layer  filament. 
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22.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  steel  cord  as  a  whole  is  free  of  residual  torsion. 

23.  A  steel  cord  according  to  any  of  the  preceding  claims  wherein  the  steel  cord  has  no  flare. 

5 
Patentanspriiche 

1  .  Stahlkord  (10),  der  zur  Verstarkung  elastomerer  Gegenstande  ausgelegt  ist,  wobei  dieser  Stahlkord  eine  Zentral- 
struktur  aus  ein  bis  fiinf  Zentralfilamenten  (16)  sowie  mindestens  eine  Schicht  von  Schichtfilamenten  umfaBt, 

10  welche  das  Zentrum  umgeben:  namlich  eine  AuBenschicht  von  AuBenschichtfilamenten  (1  3)  und  moglicherweise 
eine  oder  mehrere  Zwischenschichten  von  Zwischenschichtfilamenten  (24)  zwischen  der  Zentralstruktur  und  der 
AuBenschicht,  wobei  alle  Zentralfilamente  (16)  und  alle  Schichtfilamente  (1  3,  24)  den  gleichen  Drall  besitzen  und 
die  gleiche  Drallhohe  aufweisen,  dadurch  gekennzeichnet,  dal3  die  AuBenschichtfilamente  ein  Vorformungsver- 
haltnis  aufweisen,  das  kleiner  oder  gleich  100  %  ist,  so  dal3  sie  eine  Kraft  ausuben,  welche  radial  einwarts  einge- 

15  richtet  ist  und  von  einer  solchen  GroBe  ist,  dal3  ein  Aufzwirbeln  des  Stahlkords  vermieden  ist. 

2.  Stahlkord  nach  Anspruch  1  ,  bei  dem  der  Stahlkord  kein  Umwicklungsfilament  aufweist. 

3.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  zumindest  ein  Teil  der  Oberflache  der  Filamente 
20  mit  einem  Schmierstoff  versehen  worden  ist. 

4.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  der  Stahlkord  lediglich  eine  Schicht  von  Schicht- 
filamenten  (13)  aufweist. 

25  5.  Stahlkord  nach  Anspruch  4,  bei  dem  die  Zentralstruktur  aus  drei  Zentralfilamenten  (16)  besteht. 

6.  Stahlkord  nach  einem  der  Anspruche  4  oder  5,  bei  dem  die  Schicht  aus  neun  Schichtfilamenten  (13)  besteht. 

7.  Stahlkord  nach  Anspruch  4,  bei  dem  die  Zentralstruktur  aus  einem  Zentralfilament  (16)  besteht. 
30 

8.  Stahlkord  nach  einem  der  Anspruche  4  oder  7,  bei  dem  die  Schicht  aus  sechs  Schichtfilamenten  (13)  besteht. 
30 

9.  Stahlkord  nach  einem  der  Anspruche  4  bis  8,  bei  dem  alle  Zentralfilamente  (16)  den  gleichen  Durchmesser  auf- 
weisen,  alle  Schichtfilamente  den  gleichen  Durchmesser  (1  3)  aufweisen  und  bei  dem  der  Durchmesser  der  Zen- 

35  tralfilamente  groBer  als  der  Durchmesser  der  Schichtfilamente  ist. 

10.  Stahlkord  nach  einem  der  Anspruche  1  bis  3,  bei  dem  der  Stahlkord  eine  Zwischenschicht  von  Zwischenschicht- 
filamenten  (24)  aufweist. 

40  11.  Stahlkord  nach  Anspruch  1,  bei  dem  alle  Zentralfilamente  (16)  den  gleichen  Durchmesser  aufweisen,  alle  Zwi- 
schenschichtfilamente  (24)  den  gleichen  Durchmesser  aufweisen  und  alle  AuBenschichtfilamente  (13)  den  glei- 
chen  Durchmesser  aufweisen  und  bei  dem  der  Durchmesser  der  Zentralfilamente  groBer  als  der  Durchmesser 
der  Zwischenschichtfilamente  ist. 

45  12.  Stahlkord  nach  einem  der  Anspruche  10  bis  11,  bei  dem  die  Zahl  der  Zentralfilamente  (16)  eins  ist,  die  Zahl  der 
Zwischenschichtfilamente  (24)  sechs  ist  und  die  Zahl  der  AuBenschichtfilamente  (13)  zwolf  ist. 

13.  Stahlkord  nach  einem  der  Anspruche  10  bis  11,  bei  dem  die  Zahl  der  Zentralfilamente  (16)  drei  ist,  die  Zahl  der 
Zwischenschichtfilamente  (24)  neun  ist  und  die  Zahl  der  AuBenschichtfilamente  (13)  funfzehn  ist. 

50 
14.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  die  AuBenschichtfilamente  Resttorsionen  aufwei- 

sen,  welche  die  Tendenz  haben,  den  Stahlkord  zu  schlieBen. 

15.  Stahlkord  nach  einem  der  Anspruche  10  bis  14,  bei  dem  die  Zwischenschichtfilamente  Resttorsionen  aufweisen, 
55  welche  die  Tendenz  haben,  den  Stahlkord  zu  offnen. 

16.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  die  Zentralfilamente  (16)  Resttorsionen  aufweisen, 
welche  die  Tendenz  haben,  den  Stahlkord  zu  offnen. 
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17.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  die  AuBenschichtfilamente  in  dem  Kord  unter 
einer  Zugkraft  stehen. 

18.  Stahlkord  nach  einem  der  Anspruche  10  bis  17,  bei  dem  Zwischenschichtfilamente  in  dem  Kord  unter  einer  Kom- 
pressionskraft  stehen. 

19.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  die  Teillastlangung  jedes  der  Zentralfilamente 
kleiner  als  die  Teillastlangung  jedes  der  AuBenschichtfilamente  ist. 

20.  Stahlkord  nach  einem  der  Anspruche  10  bis  19,  bei  dem  die  Teillastlangung  jedes  der  Zwischenschichtfilamente 
kleiner  als  die  Teillastlangung  jeder  der  AuBenschichtfilamente  ist. 

21.  Stahlkord  nach  den  Anspruchen  10  bis  20,  bei  dem  die  Teillastlangung  jedes  derjenigen  AuBenschichtfilamente, 
die  zwei  Zwischenschichtfilamente  beruhren,  kleiner  als  die  Teillastlangung  jedes  derjenigen  AuBenschichtfila- 
mente  ist,  die  lediglich  ein  Zwischenschicht'  filament  beruhren. 

22.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  der  Stahlkord  als  Ganzesfrei  von  Resttorsionen  ist. 

23.  Stahlkord  nach  einem  der  vorhergehenden  Anspruche,  bei  dem  der  Stahlkord  keine  Ausfransung  aufweist. 

Revendications 

1  .  Cable  d'acier  (10)  adapte  pour  renforcer  des  articles  en  elastomere,  un  tel  cable  d'acier  comportant  une  structure 
centrale  comprenant  un  a  cinq  fils  centraux  (1  6)  et  au  moins  une  couche  de  fils  de  couche  entourant  ledit  centre  : 
une  couche  exterieure  constitute  defils  de  couche  exterieure  (1  3)  et  de  maniere  possible  une  ou  plusieurs  couches 
intermediates  constitutes  de  fils  de  couche  intermediate  (24)  situee  entre  la  structure  centrale  et  la  couche  ex- 
terieure,  /tous  les  fils  centraux  (1  6)  et  tous  les  fils  de  couche  (1  3  ;  24)  ayant  la  meme  torsion  et  ayant  le  meme  pas 
de  torsion,  caracterise  en  ce  que  les  fils  de  couche  exterieure  ont  un  rapport  de  preformage  qui  est  inferieur  ou 
egal  a  cent  pourcent  de  sorte  qu'ils  exercent  une  force  qui  est  dirigee  radialement  vers  I'interieur  et  qui  a  une 
amplitude  telle  qu'un  renflement  du  cable  d'acier  est  empeche. 

2.  Cable  d'acier  selon  la  revendication  1  ,  dans  lequel  le  cable  d'acier  n'a  pas  de  fil  de  frettage. 

3.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  au  moins  une  partie  de  la  sur- 
face  des  fils  a  ete  munie  d'un  lubrifiant. 

4.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  cable  d'acier  a  une  seule 
couche  de  fils  de  couche  (13). 

5.  Cable  d'acier  selon  la  revendication  4,  dans  lequel  la  structure  centrale  comprend  trois  fils  centraux  (16). 

6.  Cable  d'acier  selon  la  revendication  4  ou  5,  dans  lequel  la  couche  comprend  neuf  fils  de  couche  (13). 

7.  Cable  d'acier  selon  la  revendication  4,  dans  lequel  la  structure  centrale  comprend  un  fil  central  (16). 

8.  Cable  d'acier  selon  la  revendication  4  ou  la  revendication  7,  dans  lequel  la  couche  comprend  six  fils  de  couche  (13). 

9.  Cable  d'acier  selon  I'une  quelconque  des  revendications  4  a  8,  dans  lequel  tous  les  fils  centraux  (16)  ont  le  meme 
diametre,  tous  les  fils  de  couche  ont  le  meme  diametre  (13)  et  dans  lequel  le  diametre  des  fils  centraux  est  plus 
grand  que  le  diametre  des  fils  de  couche. 

10.  Cable  d'acier  selon  I'une  quelconque  des  revendications  1  a  3,  dans  lequel  le  cable  d'acier  a  une  couche  interme- 
diate  comprenant  des  fils  de  couche  intermediate  (24)  . 

11.  Cable  d'acier  selon  la  revendication  1,  dans  lequel  tous  les  fils  centraux  (16)  ont  le  meme  diametre,  tous  les  fils 
de  couche  intermediate  (24)  ont  le  meme  diametre  et  tous  les  fils  de  couche  exterieure  (1  3)  ont  le  meme  diametre 
et  dans  lequel  le  diametre  des  fils  centraux  est  plus  grand  que  le  diametre  des  fils  de  couche  intermediate. 
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12.  Cable  d'acier  selon  la  revendication  10  ou  11  ,  dans  lequel  le  nombre  de  fils  centraux  (16)  est  de  un,  le  nombre  de 
fils  de  couche  intermediate  (24)  est  de  six  et  le  nombre  de  fils  de  couche  exterieure  (13)  est  de  douze. 

13.  Cable  d'acier  selon  la  revendication  10  ou  11  ,  dans  lequel  le  nombre  de  fils  centraux  (16)  est  de  trois,  le  nombre 
de  fils  de  couche  intermediate  (24)  est  de  neuf  et  le  nombre  de  fils  de  couche  exterieure  (13)  est  de  quinze. 

14.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  les  fils  de  couche  exterieure 
ont  des  torsions  residuelles  qui  tendent  a  fermer  le  cable  d'acier. 

1  5.  Cable  d'acier  selon  I'une  quelconque  des  revendications  1  0  a  1  4,  dans  lequel  les  fils  de  couche  intermediate  ont 
des  torsions  residuelles  qui  tendent  a  ouvrir  le  cable  d'acier. 

16.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  les  fils  centraux  (16)  ont  des 
torsions  residuelles  qui  tendent  a  ouvrir  le  cable  d'acier. 

17.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  les  fils  de  couche  exterieure 
sont  soumis  a  une  force  de  traction  dans  le  cable. 

18.  Cable  d'acier  selon  I'une  quelconque  des  revendications  10  a  17,  dans  lequel  les  fils  de  couche  intermediate  sont 
soumis  a  une  force  de  compression  dans  le  cable. 

19.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  I'allongement  sous  charge 
partielle  de  I'un  quelconque  des  fils  centraux  est  plus  petit  que  I'allongement  sous  charge  partielle  de  I'un  quel- 
conque  des  fils  de  couche  exterieure. 

20.  Cable  d'acier  selon  I'une  quelconque  des  revendications  1  0  a  1  9,  dans  lequel  I'allongement  sous  charge  partielle 
de  I'un  quelconque  des  fils  de  couche  intermediate  est  plus  petit  que  I'allongement  sous  charge  partielle  de  I'un 
quelconque  des  fils  de  couche  exterieure. 

21  .  Cable  d'acier  selon  I'une  quelconque  des  revendications  1  0  a  20,  dans  lequel  I'allongement  sous  charge  partielle 
de  I'un  quelconque  des  fils  de  couche  exterieure  qui  sont  en  contact  avec  deux  fils  de  couche  intermediate  est 
plus  petit  que  I'allongement  sous  charge  partielle  de  I'un  quelconque  des  fils  de  couche  exterieure  qui  sont  en 
contact  avec  un  seul  fil  de  couche  intermediate. 

22.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  cable  d'acier  sous  forme 
d'un  tout  est  sans  torsion  residuelle. 

23.  Cable  d'acier  selon  I'une  quelconque  des  revendications  precedentes,  dans  lequel  le  cable  d'acier  n'a  pas  d'eva- 
sement. 
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