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©  Pneumatic  tyre. 

©  A  pneumatic  tyre  comprising  a  pair  of  bead 
cores  (5)  one  disposed  in  each  bead  portion  (4), 
a  toroidal  carcass  (6)  extending  between  the 
bead  portions  (4)  and  turned  up  around  said 
pair  of  bead  cores  (5),  and  a  belt  (7)  disposed 
radially  outside  the  carcass  (6)  and  inside  a 
tread  portion  (2),  characterised  in  that  the  belt 
comprises  a  ply  (7A,7B)  of  parallel  hybrid  cords 
(11),  each  hybrid  cord  (11)  comprising  at  least 
one  aramid  strand  (13)and  at  least  one  steel 
strand  (14)  twisted  together,  said  at  least  one 
aramid  strand  (13)  being  made  of  aramid  fibre 
filaments  twisted  together,  and  said  at  least  one 
steel  strand  (14)  being  made  of  a  steel  monofila- 
ment. 
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The  present  invention  relates  to  a  pneumatic  tyre,  the  weight  of  which  is  reduced  whilst  the  steering  sta- 
bility  and  low  noise  nature  are  maintained. 

In  order  to  reinforce  the  tread  portion  of  a  tyre,  it  has  been  proposed  to  use  a  belt  made  of  aramid  cords. 
However,  if  only  an  aramid  cord  belt  is  disposed  in  the  tread  portion,  the  tyre  can  not  be  provided  with  sufficient 

5  rigidity  because  the  aramid  cords  are  weak  in  compressive  stress  in  contrast  with  their  very  high  tensile  mod- 
ulus  and  lightweight  nature.  As  a  result,  an  aramid  belt  tyre  is  inferior  in  steering  stability  to  a  steel  belt  tyre. 

Further,  due  to  the  decreased  tread  rigidity,  deformation  and  vibration  of  the  tyre  are  liable  to  occur  during 
running,  which  result  in  increased  tyre  noise. 

As  a  countermeasure  for  such  decreased  tread  rigidity,  it  has  been  proposed  to  provide  a  steel  cord  belt 
10  together  with  an  aramid  cord  belt.  In  such  a  case,  however,  the  belt  thickness  is  inevitably  increased,  and  the 

tyre  weight  is  increased. 
It  is  therefore,  an  object  of  the  present  invention  to  provide  a  pneumatic  tyre,  in  which  the  tyre  weight  is 

reduced,  with  the  tread  rigidity  being  maintained. 
According  to  the  present  invention,  a  pneumatic  tyre  comprises  a  pair  of  bead  cores  one  disposed  in  each 

15  bead  portion,  a  toroidal  carcass  extending  between  the  bead  portions  and  turned  up  around  said  pair  of  bead 
cores,  and  a  belt  disposed  radially  outside  the  carcass  and  inside  a  tread  portion,  characterised  in  that  the 
belt  comprises  a  ply  of  parallel  hybrid  cords,  each  hybrid  cord  comprising  at  least  one  aramid  strand  and  at 
least  one  steel  strand  twisted  together,  said  at  least  one  aramid  strand  being  made  of  aramid  fibre  filaments 
twisted  together,  and  said  at  least  one  steel  strand  being  made  of  a  steel  monofilament 

20  Preferably,  the  total  denier  of  all  the  aramid  fibres  in  each  hybrid  cord  is  in  the  range  of  from  800  to  4000 
deniers,  and  the  diameter  of  the  or  each  steel  filament  is  in  the  range  of  from  0.17  to  0.38  mm. 

As  a  result,  when  the  hybrid  cord  is  subjected  to  a  compressive  force,  the  force  is  shared  with  the  steel 
strand,  and  the  tread  rigidity  and  cord  strength  in  the  direction  of  the  compressive  force  are  improved. 

Embodiments  of  the  present  invention  will  now  be  described  in  detail  in  conjunction  with  the  accompanying 
25  drawings  in  which:- 

Fig.  1  is  a  cross  sectional  view  of  a  tyre  according  to  the  present  invention; 
Fig.2  is  a  partial  perspective  view  of  the  belt  ply  of  Fig.  1; 
Fig.  3  is  a  perspective  view  showing  an  example  of  the  belt  cord; 
Fig.4  is  a  cross  sectional  view  thereof;  and 

30  Figs.5  and  6  are  cross  sectional  views  each  showing  another  example  of  the  belt  cord. 
In  Fig.  1  to  Fig.2,  the  pneumatic  tyre  1  comprises  a  tread  portion  2,  a  pair  of  axially  spaced  bead  portions 

4,  a  pair  of  sidewall  portions  3  extending  between  tread  edges  and  the  bead  portions  4,  a  pair  of  bead  cores 
5  disposed  one  in  each  bead  portion  4,  a  carcass  6  extending  between  the  bead  portions  4,  and  a  belt  7  dis- 
posed  radially  outside  the  carcass  6  and  inside  a  rubber  tread. 

35  The  carcass  6  comprises  at  least  one  radial  or  semiradial  carcass  ply  of  radially  arranged  cords  extending 
between  the  bead  portions  4  through  the  sidewall  portions  3  and  the  tread  portion  2  and  being  turned  up  around 
the  bead  cores  5  from  the  axially  inside  to  the  outside  thereof  to  form  two  turned  up  portions  and  one  main 
portion  therebetween. 

In  this  embodiment,  the  carcass  6  consists  of  a  single  ply  of  organicfibre  cords,  e.g.  nylon,  polyester,  rayon, 
40  aramid  or  the  like,  arranged  at  an  angle  of  70  to  90  degrees  with  respect  to  the  tyre  equator  C. 

Between  the  carcass  main  portion  and  each  turned  up  portion,  a  bead  apex  8  is  disposed.  The  bead  apex 
8  is  made  of  hard  rubber  extending  radially  outwardly  and  tapering  from  the  bead  core  5. 

The  belt  7  comprises  two  crossed  breaker  plies  7Aand  7B,  of  parallel  cords  11  coated  with  topping  rubber 
12  although  more  than  two  such  plies  may  be  used. 

45  Each  of  the  belt  cords  1  1  is  a  hybrid  cord  composed  of  at  least  one  aramid  strand  1  3  and  at  least  one  steel 
strand  14.  (See  Fig.  3). 

The  or  each  steel  strand  14  consists  of  a  steel  monofilament  having  a  diameter  in  the  range  of  from  0.17 
to  0.35  mm. 

The  or  each  aramid  strand  13  is  composed  of  one  or  more  yarns  15.  The  yarn  is  a  bunch  of  aramid  fibre 
50  filaments  which  are  twisted  together. 

The  total  denier  number  of  all  the  aramid  fibre  f  i  laments  in  one  cord  is  in  the  range  of  from  800  to  4000. 
If  the  diameter  of  the  steel  filament  14  is  less  than  0.17  mm,  the  strength  of  the  belt  cord  is  too  little  and 

the  tread  rigidity  is  insufficient  which  deteriorates  the  steering  stability.  If  the  diameter  is  more  than  0.35  mm, 
the  diameter  of  the  belt  cord  becomes  large,  and  the  tyre  weight  is  increased  to  deteriorate  the  steering  stability 

55  and  ride  comfort. 
If  the  total  denier  number  is  less  than  800,  the  belt  rigidity  is  decreased  and  the  steering  stability  is  dete- 

riorated.  Further,  tyre  noise  is  liable  to  increase.  If  the  total  denier  number  is  more  than  4000,  the  diameter  of 
the  belt  cord  becomes  large,  and  the  resultant  belt  ply  becomes  too  thick.  As  a  result,  the  tyre  weight  is  in- 

3 
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creased.  Further,  the  tread  rigidity  is  liable  to  be  excessively  increased  which  deteriorates  the  steering  stability. 
Further,  when  a  plurality  of  steel  strands  14  are  used,  the  twisting  pitch  TWP  thereof  is  preferably  set  in 

the  range  of  9.5  to  16  mm. 
On  the  other  hand,  the  twist  number  TWN  for  the  aramid  strand(s)  13  is  preferably  set  in  the  range  of  10 

5  to  50  turn/1  0cm. 
In  this  embodiment  tyre,  the  cord  11  is  composed  of  a  plurality  of  aramid  strands  13  and  a  plurality  of  steel 

strands  14. 
In  each  belt  ply,  the  count  of  the  belt  cords  11  is  preferably  in  the  range  of  from  30  to  40  ends/5cm. 
On  the  other  hand,  organic  fibres  usually  have  retained  moisture  or  humidity.  As  a  result  the  steel  filaments 

10  twisted  with  such  organic  fibres  are  liable  to  be  rusted  even  when  embedded  in  rubber.  In  order  to  prevent 
such  rust,  each  aramid  fibre  filament  is  preferably  resin-coated,  for  example,  by  first  dipping  the  filament  in 
epoxy  resin  and  then  in  resorcinol-formaldehyde  latex.  Due  to  the  resin  coat,  transfer  of  moisture  or  humidity 
from  the  aramid  strand  to  the  steel  strand  is  hindered.  In  addition  the  rigidity  of  the  aramid  strand  is  increased 
to  further  improve  the  steering  stability  and  reduce  noise. 

15  Figs.3  and  4  show  an  example  of  the  belt  cord  11.  In  this  example,  the  belt  cord  11  consists  of  a  core  21 
consisting  of  two  aramid  strands  13  twisted  together  and  a  outer  layer  22  or  "sheath"  consisting  of  six  steel 
strands  14orfilaments  surrounding  the  core  21,  whereby  the  cord  has  a  so-called  "2+6"  construction.  Itshould 
be  noted  that  the  number  of  aramid  strands  "m"  may  be  more  than  two  or  the  number  of  steel  strands  14  may 
be  more  or  less  than  six. 

20  In  this  example  cord,  each  of  the  aramid  strands  1  3  consists  of  two  yarns  1  5  twisted  together. 
The  number  of  aramid  fibre  filaments  in  each  yarn  is  in  the  range  of  from  150  to  250,  and  the  total  denier 

number  in  each  strand  is  in  the  range  of  from  400  to  2000. 
The  aramid  fibre  filaments  are  firstly  twisted  in,  for  example,  the  Z-direction  to  form  each  yarn  15,  and 

two  yarns  15  are  secondly  twisted  together  in  the  reverse  S-direction  to  form  a  strand  13.  Finally  two  strands 
25  13  are  thirdly  twisted  in  the  Z-direction  to  form  a  core  21.  Then  the  six  steel  strands  14  are  fourthly  twisted 

around  the  core  21  in  the  S-direction.  The  directions  of  the  first  to  fourth  twists  can  be  reversed  thereto. 
As  mentioned  above,  the  number  TWN  of  each  of  the  first  to  third  twists  is  in  the  range  of  1  0  to  50  turn/1  0cm 

(in  this  example  35  turn/10  cm).  The  twisting  pitch  TWP  for  the  steel  strands  14  is  in  the  range  of  9.5  to  16 
mm. 

30  Fig.  5  shows  another  example  of  the  belt  cord.  In  this  example,  the  cord  11  A  consists  of  a  core  21  A  con- 
sisting  of  three  steel  strands  14  and  an  outer  layer  22A  consisting  of  four  aramid  strands  13  surrounding  the 
core  21  A,  whereby  the  cord  1  A  has  a  "3+4"  construction. 

In  this  example  cord,  each  of  the  aramid  strands  13  consists  of  a  single  yarn. 
The  steel  strands  14  are  firstly  twisted  in,  for  example,  the  Z-direction  to  form  the  core  21  A.  On  the  other 

35  hand,  the  aramid  fibre  filaments  are  secondly  twisted  in  the  Z-direction  to  form  each  strand  13,  and  then  four 
aramid  strands  13  are  thirdly  twisted  around  the  core  21  A  in  the  S-direction. 

The  twisting  pitch  TWP  of  the  first  twist  for  the  steel  strands  14  is  in  the  range  of  9.5  to  16  mm.  The  number 
TWN  of  each  of  the  second  to  third  twists  is  in  the  range  of  10  to  50  turn/1  0cm. 

Fig.6  shows  still  another  example  of  belt  cord.  In  this  example,  the  cord  1  1  B  consists  of  two  aramid  strands 
40  13  and  three  steel  strands  14,  which  are  twisted  together  so  as  to  provide  a  "1X5"  construction. 

In  this  example,  each  of  the  aramid  strands  13  consists  of  three  yarns  15  twisted  together. 
The  aramid  fibre  filaments  are  firstly  twisted  in,  for  example,  the  Z-direction  to  form  a  yarn  15,  and  three 

such  yarns  15  are  secondly  twisted  in  the  reverse  S-direction  to  form  a  strand  13.  Then  two  aramid  strands 
13  and  three  steel  strands  14  are  thirdly  twisted  together  in  the  Z-direction  into  a  cord. 

45  The  number  TWN  of  each  of  the  first  to  second  twists  is  in  the  range  of  1  0  to  50  turn/1  0cm.  The  twisting 
pitch  TWP  of  the  third  twist  for  the  steel  strands  14  and  also  the  aramid  strand  13  is  in  the  range  of  9.5  to  16 
mm. 

Test  tyres  of  size  195/70R14  each  having  the  same  tyre  construction  as  shown  in  Fig.  I  were  made  and 
tested  for  the  following  performance  factors.  The  cord  specifications  and  the  test  results  are  shown  in  Table 

50  1. 

1)  Steering  stability  and  Ride  comfort 

By  running  a  test  car  on  a  test  course,  the  steering  stability  and  ride  comfort  of  the  test  tyres  were  evaluated 
55  into  five  ranks  by  a  test  driver,  wherein  the  rank  for  the  reference  tyre  1  is  three,  and  the  larger  the  value,  the 

better  the  performance. 

4 
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£.)  lyre  iiuise 

By  running  a  test  car  ata  running  (coasting)  speed  of  60  km/h,  the  maximum  noise  sound  level  was  meas- 
ured  according  to  the  "Test  Procedure  for  Tyre  Noise"  specified  in  JASO-C606.  The  results  are  indicated  by 
an  index  based  on  the  reference  tyre  1  being  set  at  1  00.  The  larger  the  index,  the  better  or  smaller  the  tyre 
noise. 

Throughout  the  tests,  it  was  confirmed  that  in  the  Example  tyres,  especially  Example  tyre  2,  that  the  tyre 
weight  could  be  effectively  reduced,  whilst  maintaining  the  other  performance  factors  at  good  levels. 

IMdLt  1 

Tyre  Ex1  Px9  Fv^   F v ^  
Cord  construction  2+6  2+4  2+2  2+6  2+2  

Core  *1  A  A  A  A  A 
Outer  layer  *1  s  S  S  S  S 

Aramid  s t r and  
denier/no.  1000/2  1000/2  1000/2  1000/2  1000/2  
Total  denier  2000  2000  2000  2000  2 0 0 0  

Steel  s t r and  
dia.(mm)/no.  0.175/6  0.22/4  n  3?/?  n  w «   n  

Cord  strength  (N)  b00  620  650  540  7 n n  
Cord  count  (ends/5cm)  35  35  35  35  35  
Test  resul t  
Tyre  weight  (kg)  8.2  8.3  8.6  8.1  8  6 
Steering  stability  2.9  3.0  3.1  2.7  2 .8  
Ride  comfort  3.2  3.1  2.9  3  2  2  7 
Tyre  noise  96  mn  m?  oA  1fys 
i  j  a  =  aramia.  s  =  s t e e l  
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Tyre  bX.6  Fx  7  Fyft  Rofi   p Q f ?  
Cord  construction  2+4  3+4  1+2  1X5  (1X2) 

Core  *1  A  A  S  -  - 5  Outer  layer  *1  S  S  A  -  - 
Aramid  s t rand  
denier/no.  380/2  1500/3  1000/2  -  1500/2  
Total  denier  760  4500  2000  3 0 0 0  

10  Steel  s t r and  
dia.(mm)/no.  0.22/4  0  22/4  n  25/1 

uora  sirenqtn  (N)  560  670  5m  R^n  c n n  
Cord  count  (ends/5cm)  35  35  50  35  55 

15  Test  resul t  

Tyre  weight  (kg)  8.2  8.6  7.9  8.7  7.7 

Steering  stability  2.7  3.0  2.7  3.0  2 .6  

20  Ride  comfort  3.1  2.9  3.0  3.0  3.1 
Tyre  noise  97  104  93  mn  a n  

1)  A  =  Aramid,  S  =  S tee l  

25 

Claims 

30  1.  A  pneumatic  tyre  comprising  a  pair  of  bead  cores  (5)  one  disposed  in  each  bead  portion  (4),  a  toroidal 
carcass  (6)  extending  between  the  bead  portions  (4)  and  turned  up  around  said  pair  of  bead  cores  (5), 
and  a  belt  (7)  disposed  radially  outside  the  carcass  (6)  and  inside  a  tread  portion  (2),  characterised  in 
that  the  belt  comprises  a  ply  (7A,7B)  of  parallel  hybrid  cords  (11),  each  hybrid  cord  (11)  comprising  at  least 
one  aramid  strand  (13)and  at  least  one  steel  strand  (!4)  twisted  together,  said  at  least  one  aramid  strand 

35  (13)  being  made  of  aramid  fibre  filaments  twisted  together,  and  said  at  least  one  steel  strand  (14)  being 
made  of  a  steel  monofilament. 

2.  A  pneumatic  tyre  according  to  claim  1,  characterised  in  that  the  total  denier  number  of  all  the  aramid  fibre 
filaments  in  each  cord  (11)  is  in  the  range  of  from  800  to  4000  deniers. 

40 
3.  A  pneumatic  tyre  according  to  claim  1  or  2,  characterised  in  that  the  diameter  of  the  steel  monofilament 

is  in  the  range  of  from  0.17  to  0.38  mm. 

4.  A  pneumatic  tyre  according  to  claim  1,  2,  or  3,  characterised  in  that  each  cord  (11)  comprises  a  core  (21) 
consisting  of  a  plurality  of  aramid  strands  (13)  twisted  together  and  an  outer  layer  (22)  consisting  of  a 45 
plurality  of  steel  strands  (14)  surrounding  the  core  (21),  so  that  the  cord  has  a  "m+n"  construction,  wherein 
"m"  is  the  number  of  the  aramid  strands,  and  "n"  is  the  number  of  the  steel  strands. 

5.  A  pneumatic  tyre  according  to  claim  1,2,  or  3,  characterised  in  that  each  cord  (11)  comprises  a  core  (21  A) 
consisting  of  a  plurality  of  steel  strands  (14)  twisted  together  and  an  outer  layer  (22A)  consisting  of  a  plur- 

50 ality  of  aramid  strands  (13)  surrounding  the  core  (21  A)  ,  so  that  the  cord  has  a  "n+m"  construction,  wherein 
"m"  is  the  number  of  the  aramid  strands  (13),  and  "n"  is  the  number  of  steel  strands  (14). 

6.  A  pneumatic  tyre  according  to  claim  1,  2,  or  3,  characterised  in  that  each  cord  (11)  comprises  a  plurality 
of  aramid  strands  (13)  and  a  plurality  of  steel  strands  (14)  which  are  twisted  together  in  a  bunch  so  that 

55  the  cord  has  a  "1XN"  construction,  wherein  "N"  is  the  total  of  the  number  "m"  of  the  aramid  strands  (13) 
and  the  number  "n"  of  the  steel  strands  (14). 

7.  A  pneumatic  tyre  according  to  any  one  of  claims  1  to  6,  characterised  in  that  the  aramid  fibre  filaments 

6 
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are  coated  with  a  waterproofing  resin. 

A  pneumatic  tyre  according  to  any  one  of  claims  4  to  6,  characterised  in  that  said  plurality  of  steel  strands 
(14)  have  a  twist  pitch  in  the  range  of  9.5  to  16  mm,  and  said  plurality  of  aramid  strands  (13)  have  a  twist 
number  in  the  range  of  10  to  50  turn/1  0cm. 
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