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©  Rubberless  tire  bead  assemblies  and  method  of  making  same. 

©  Rubberiess  tire  bead  assemblies  (12)  are  dis- 
closed,  containing  either  a  single  wire  element  (14) 
or  multiple  wire  elements  (14a-14e)  wound  about  an 
axis  to  provide  a  plurality  of  convolutions  of  the 
single  wire  or  multiple  wire  elements  to  provide  a 
bead  hoop  and  shape-retaining  members  (22)  en- 
gaging  the  bead  hoop  about  the  circumference  of 
the  bead  hoop  to  retain  the  bead  assembly  in  a 
planar  configuration.  Rubber  tire  bead  assemblies 
having  wire  termination  ends  positioned  internally  or 
externally  with  respect  to  the  bead  assembly  and 
methods  of  making  these  bead  assemblies  are  dis- 
closed. 
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RUBBERLESS  TIRE  BEAD  ASSEMBLIES  AND  METHOD  OF  MAKING  SAME 

The  present  invention  relates  to  rubberless  tire 
bead  assemblies  and  to  novel  methods  of  manu- 
facturing  such  tire  bead  assemblies  to  produce  a 
strength  efficiency  tire  bead  assemblies  which  are 
of  the  same  efficiency  as  conventional  wire  tire 
bead  assemblies  which  include  a  rubber  or  poly- 
meric  coating  thereon. 

All  automotive  tire  bead  assemblies  composed 
of  round  wire  strengthening  elements  in  general 
use  contain  either  a  thin  coating  of  rubber  on  the 
wire  surface  or  contain  wire  elements  embedded  in 
a  ribbon  or  elongate  form  of  rubber,  with  the  single 
exception  being  the  rubberless  cable  bead.  An 
important  function  of  the  rubber  coating  around  the 
wire  element  is  to  hold  the  multiple  wire  wraps 
together  after  forming  so  that  the  tire  bead  assem- 
bly  may  be  removed  from  the  bead  forming  ma- 
chine  and  handled  during  the  course  of  the  bead 
assemblies  incorporation  into  the  tire  during  the  tire 
building  operation.  The  necessity  for  the  existence 
of  such  an  adhesive  function  of  the  wire  elements 
becomes  increasingly  important  for  stiff,  high- 
strength  wires,  such  as  steel,  because  of  their 
spring-back  characteristics.  That  is,  although  a  wire 
may  be  readily  and  neatly  wound  on  a  spool,  the 
wire  often  becomes  entangled  upon  removal  from 
such  a  spool  because  of  back  tension,  wire  twist 
and  cast  properties  of  the  wire  elements.  Also, 
such  bead  assemblies  tend  to  lose  their  construc- 
tional  integrity  upon  removal  from  the  bead  forming 
drum  unless  the  wire  is  rubber  coated.  The  cable 
bead,  generally  composed  of  a  wrap  wire  helically 
wound  around  a  core  hoop  contains  an  inherent 
compressive  or  resisting  force  and  because  of  the 
helical  wrap  geometry,  cable  beads  require  exces- 
sive  forming  times  and  operations,  thereby  result- 
ing  in  a  substantially  expensive  bead  assembly. 

One  deficiency  of  conventional  rubber  coated 
wire  tire  bead  assemblies  arises  when  under  the 
low  viscosity  or  near  liquid  environment  that  occurs 
during  final  curing  of  the  completed  tire,  the  adhe- 
sive  nature  of  the  rubber  coated  wires  is  substan- 
tially  reduced  and  spring-back  of  the  wire  elements 
or  other  distortion  to  the  original  bead  geometry 
may  occur. 

Furthermore,  a  limitation  to  bead  geometry  is 
inherent  to  conventional  tire  bead  assemblies  com- 
prised  of  multiple  wraps  of  rubber  ribbon  contain- 
ing  more  than  one  wire.  Such  ribbons  must  be 
wound  with  the  ribbon  width  oriented  exactly  par- 
allel  to  the  winding  axis  so  as  to  consume  in  each 
wrap  of  ribbon  precisely  the  same  length  on  each 
side  of  the  ribbon.  This  forming  requirement  pro- 
hibits  constructions,  such  as  those  containing  coni- 

cal  geometric  form  such  as  would  mate  with  a  tire 
wheel  rim  having  state-of-the-art  tapered  surfaces 
of  revolution. 

A  further  potential  deficiency  of  state-of-the-art 
5  beads  in  general  use  is  the  inherent  absence  of 

void  space  free  of  rubber  internal  to  the  bead  wire 
array. 

Additionally,  although  in  conventional  round 
wire  tire  bead  assemblies  the  rubber  bonding  or 

10  coating  thereon  facilitates  bonding  the  wires  to- 
gether  to  provide  the  resultant  tire  bead  assembly 
or  bundle,  the  use  of  a  rubber  coating  on  the  bead 
wires  to  manufacture  tire  bead  assemblies  requires 
a  separate  rubber  making  operation  and  expensive 

15  extrusion  equipment  to  effectively  produce  the  thin 
coating  on  the  wire  elements  that  comprise  the  tire 
bead  assembly.  The  resultant  reduced  speed  limi- 
tations  in  manufacturing  such  tire  bead  assemblies 
and  the  necessity  of  required  overlaps  of  the  wire 

20  endings  for  proper  adherence  of  wire  end  to  bead 
assembly  and  the  tendency  of  the  wire  endings  to 
spring  away  from  the  bundle  during  the  tire  making 
processes  are  problems  that  are  inherent  in  such 
rubber-coated  tire  bead  assemblies.  Additionally, 

25  the  high  cost  of  the  special  formulated  rubber 
coatings  results  in  higher  cost  tire  bead  assemblies 
which,  if  eliminated,  would  substantially  reduce  the 
time  required  for  manufacturing  such  tire  bead 
assemblies  and  would  decrease  the  cost  of  such 

30  manufacture  process  thereby  providing  higher 
speed  and  greater  productivity  during  the  bead 
making  operations. 

Prior  art  attempts  to  make  a  rubberless  tire 
bead  assemblies  include,  for  example,  Lejeune 

35  U.S.  Patent  No.  3,949,800,  Grosch,  U.S.  Patent  No. 
4,216,814,  Pfeiffer  U.S.  Patent  No.  4,290,471,  and 
Mertin,  U.S.  Patent  No.  4,406,317  patents  which 
disclose  a  plurality  of  rectangular-shaped  wire  ele- 
ments  to  make  a  bead  assembly  having  sharp 

40  corners.  The  resultant  rubberless  tire  bead  assem- 
blies  exhibit  an  absence  of  voids  within  the  bead 
assemblies  and  require  a  special  ductile  steel  ma- 
terial  to  be  positioned  around  the  bead  as  an 
integral  part  of  the  bead  making  cycle.  Such  tire 

45  bead  assemblies  possess  sharp  corners  that  ad- 
versely  affect  other  materials  in  the  bead  during 
service,  do  not  contain  void  reservoirs  within  the 
bead  assemblies,  utilize  expensive  polygon-shaped 
wire  elements,  and  require  that  the  bead  making 

so  cycle  is  dominated  by  the  time  necessary  to  de- 
form  and  position  steel  materials  around  the  bead 
at  numerous  locations  to  retain  the  bead  assembly. 
Accordingly,  such  beads  have  enjoyed  little,  if  any, 
commercial  acceptance. 

Additionally  a  rubberless  round  wire  bead  with 
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homogeneous  joining  of  touching  or  contiguous 
wires,  incorporating  joining  means  such  as  sinter- 
ing  has  been  disclosed  by  Pearce  U.S.  Patent  No. 
3,372,894. 

Additionally,  the  conventional  cable  bead  as- 
sembly  is  a  rubberless  tire  bead  assembly  which  is 
generally  comprised  of  at  least  two  wire  compo- 
nents,  a  wire  wound  about  a  core  wire,  and  a 
ferrule  component  for  joining  the  wound  wire  ends. 
However,  such  cable  bead  assemblies  tend  to  be 
excessively  flexible  and  prone  to  bending  and  re- 
quire  excessive  time  cycles  in  manufacturing  the 
bead  assembly  thereby  resulting  in  increased  costs 
of  manufacture.  See,  for  example,  Gore  U.S.  Patent 
No.  2,  069,525  to  such  a  cable  bead  assembly. 

U.S.  Patent  4,039,015  discloses  a  rubberless 
bead  which  may  be  formed,  for  example,  as  the 
result  of  interlocking  a  multiple  number  of  indepen- 
dent  hoops  with  welding  or  interlocking  a  multiple 
number  of  hoops  twisted  from  a  single  wire  length 
with  welding.  However,  such  constructions  are 
readily  distorted  due  to  the  helical  or  nonparallel 
nature  of  individual  wire  axes  one  to  another.  Fur- 
thermore,  the  disclosed  construction  made  from  a 
single  length  of  wire  contains  a  relatively  large 
number  of  wire  crossover  points  which  represent 
points  of  nonuniform  stress  distribution  under  load 
and  potential  wear  and  deformation  cites. 

It  is  one  object  of  the  present  invention  to 
provide  novel  and  unique  rubberless  tire  bead  as- 
semblies  possessing  strength  efficiencies  corre- 
sponding  to  rubber-coated  prior  art  tire  bead  as- 
semblies. 

It  is  another  object  of  the  present  invention  to 
provide  novel  means  for  manufacturing  rubberless 
tire  bead  assemblies  which  eliminate  the  rubber 
costs  in  manufacturing  bead  assemblies  and  re- 
sults  in  higher  speed  and  greater  productivity  dur- 
ing  the  tire  bead  making  operations. 

It  is  a  further  object  of  the  present  invention  to 
utilize  a  variety  of  shape  retaining  means  or  bond- 
ing  methods  for  holding  a  rubberless  tire  bead 
assembly  together  after  manufacture  of  the  bead 
assembly  or  bundle  to  provide  a  rubberless  tire 
bead  assembly  possessing  interstitial  voids  be- 
tween  the  wires  wherein  each  of  the  convolutions 
of  the  wire  elements  are  substantially  in  a  planar 
contact  relationship  with  adjacent  convolutions  of 
the  wire  elements  and  all  wire  axes  are  substan- 
tially  parallel  one-to-another. 

A  further  object  of  the  present  invention  is  to 
provide  a  novel  method  for  manufacturing  unique 
rubberless  single  wire  tire  bead  assemblies 
wherein  at  least  one  end  of  the  predetermined 
length  of  the  single  wire  is  positioned  internal  to 
the  array  of  wires  comprising  the  body  of  the  tire 
bead  assembly. 

It  is  another  object  of  the  present  invention  to 

provide  a  novel  method  for  manufacturing  a  rubber- 
less  single  wire  tire  bead  assembly  wherein  at  least 
one  end  of  the  predetermined  length  of  the  single 
wire  is  positioned  externally  on  the  side  wall  sur- 

5  face  of  the  tire  bead  assembly. 
It  is  still  another  object  of  the  present  invention 

to  provide  a  novel  method  for  manufacturing 
unique  rubberless  tire  bead  assembly  comprised  of 
a  plurality  of  predetermined  lengths  of  substantially 

m  round  wires  in  a  layered  sequence  wherein  at  least 
one  end  of  the  predetermined  lengths  of  wires  is 
positioned  on  either  the  inside  diameter  surface  of 
the  tire  bead  assembly  or  is  positioned  on  the  side 
wall  surface  of  the  tire  bead  assembly. 

15  It  is  yet  another  object  of  the  present  invention 
to  provide  a  novel  method  for  manufacturing  rub- 
berless  tire  bead  assembly  comprised  of  a  plurality 
of  predetermined  lengths  of  substantially  round 
wires  wherein  the  inside  diameter  surface  of  the 

20  bead  assembly  is  tapered. 
The  strength  efficiency  of  single  wire  tire  bead 

assemblies  comprised  of  densely  packed  symmet- 
rical  bead  construction,  such  as,  for  example,  2-3- 
2,  4-5-6-5,  4x4,  and  3-4-5-4,  having  the  elongated 

25  wire  elements,  of  nominally  circular-incross  section 
and  free  of  rubber  or  other  polymeric  material,  has 
resulted  in  single  wire  tire  bead  assemblies  which 
possess  a  strength  sufficiency,  equivalent  to  con- 
ventional  round  wire  beads  having  a  rubber  bond- 

30  ing  or  coating  on  the  wires.  The  strength  efficiency 
of  rubberless  tire  bead  assemblies  comprised  of  a 
plurality  of  predetermined  lengths  of  substantially 
round  wires  of  symmetrical  bead  constructions, 
such  as,  3  x  3,  4  x  4,  and  5 x 5   and  others,  are 

35  equivalent  to  conventional  ribbon-type  bead  assem- 
blies.  The  practical  advantage  of  eliminating  rubber 
from  the  tire  bead  assembly  or  bundle  includes  the 
elimination  of  the  bead  rubber  coating  costs  and 
improved  manufacturing  operation,,  such  as,  higher 

40  processing  cycle  speeds  and  increased  productiv- 
ity  in  the  bead  making  operation.  The  resultant 
rubberless  bead  assemblies  include  a  void  volume 
or  region  within  the  tire  bead  assembly  or  bundle 
within  the  wire  array,  which  provides  a  reservoir  or 

45  collection  region  for  the  air  entrapped  during  the 
positioning  of  the  tire  bead  assembly  or  bundle 
within  the  tire  carcass  during  the  tire  building  op- 
eration.  Additionally,  the  method  of  manufacture 
permits  the  opportunity  to  weld  or  otherwise  bond 

so  either  the  wires  and  wire  ends  at  critical  points  in 
or  on  the  bead  bundle  so  as  to  prevent  distortion  of 
the  wire  and  movement  away  from  the  bead  or 
bundle  during  the  tire  manufacturing  operation. 

The  variety  of  shape-retaining  means  for  bond- 
55  ing  or  for  engaging  at  least  a  portion  of  the  plurality 

of  the  convolutions  of  the  single  wire  or  filament 
superimposed  upon  each  other  periodically  about 
the  bead  circumference  to  hold  the  bead  assembly 

3 



5 EP  0  320  221  A1 6 

or  bundle  together,  include  the  use  of  metal  clip 
members  applied  preferably  simultaneously  at  sev- 
eral  locations  about  the  bead  circumference,  as 
well  as  other  bonding  devices  and  methods  such 
as,  using  metal  ties,  spring  clips,  spiral  wrapped 
fabrics  or  wires  around  the  entire  or  a  portion  of  the 
bead  circumference,  spot  soldering,  brazing  or 
welding  periodic  locations  about  the  bead  circum- 
ference,  use  of  solder-coated  wire  in  the  bead 
wires,  gluing  or  use  of  adhesives,  applying  fusible 
polymeric  material  periodically  or  entirely  around 
the  bead  circumference,  dipping  the  bead  assem- 
blies  into  an  adhesive  coating,  and  miniature  hose 
clamp  members  which  securely  engage  at  least  a 
portion  of  the  convolutions  of  the  single  wire  to 
hold  the  bead  assembly.  It  should  be  understood 
that  even  though  most  of  the  above  described 
methods  are  applicable  to  the  bead  asseibly  after 
the  component  wire  wraps  have  been  formed,  the 
methodology  envisioned  includes  application  of 
bonding  means  or  material  to  the  wire  feeding  into 
the  forming  apparatus,  i.e.,  periodic  or  continuous 
application  of  bonding  means  or  material  to  the 
wire  before  or  during  formation  of  the  bead  assem- 
bly.  Each  method  or  technique  retains  and  holds 
the  wires  within  the  bead  assembly  in  surface 
contact  with  one  another  substantially  in  a  plane 
parallel  to  the  remaining  convolutions  of  the  wire 
within  the  tire  bead  assembly  and  provide  that  void 
volumes  exist  between  the  convolutions  of  the  wire 
within  the  tire  bead  array. 

In  conventional  bead  making  processes,  the 
wire  strand  or  strengthening  element  is  coated  with 
a  specially  formulated  rubber  coating  which,  when 
the  single  wire  or  ribbon  of  wires  is  wound  upon 
itself  to  form  the  tire  bead  assembly,  holds  and 
retains  the  resultant  bead  assembly  together  for 
subsequent  handling  and  usage.  Subsequent  posi- 
tioning  of  such  rubber  coated  tire  bead  assemblies 
within  the  tire  during  the  tire  building  operation,  the 
rubber  coating  is  vulcanized  to  provide  a  cured  tire 
bead  assembly  within  the  tire  which  does  not  in- 
clude  voids  extending  along  the  circumferential 
length  of  the  bead  assembly.  During  such  known 
tire  building  operations,  the  folding  of  the  tire  car- 
cass  sidewall  materials  about  the  bead  ring  assem- 
bly  entrap  air  and  result  in  the  occurrence  of  air 
bubbles.  By  utilizing  the  unique  rubberless  tire 
bead  assembly  in  accordance  with  the  present 
invention,  the  void  volumes  that  extend  substan- 
tially  throughout  the  circumferential  length  of  the 
tire  bead  hoop,  permits  the  air  bubbles  to  be 
dissipated  and  minimized;  thereby  providing  an 
improved  finished  tire.  Moreover,  the  tire  bead  as- 
sembly  geometry  and  structure  resists  changes 
when  the  bead  assembly  is  positioned  within  the 
tire  and  undergoes  vulcanization.  That  is  to  say,  the 
geometry  of  a  conventional  prior  art  tire  bead  as- 

sembly  may  become  distorted  out  of  a  planar 
configuration  during  vulcanization  of  the  tire  there- 
by  resulting  in  a  geometrical  distorted  tire  bead  or 
loss  of  precise  bead  position  when  it  is  cured 

5  within  the  tire  carcass.  Such  problems  of  the  prior 
art  rubber  coated  wire  bead  assemblies  are  alle- 
viated  by  the  present  invention. 

Additionally,  in  accordance  with  the  present 
invention,  any  residual  forces  tending  to  distort  the 

io  geometry  of  the  formed  bead  are  substantially 
minimized  and  eliminated.  In  contrast,  the  forma- 
tion  of  the  bead  assembly  resulting  from  the  inter- 
locking  of  a  multiple  number  of  hoops  from  a  single 
wire  length  in  accordance  with  prior  art  patent 

rs  4,039,015,  may  result  in  highly  localized  residual 
forces  due  to  the  inherent  friction  of  the  numerous 
crossover  points  in  the  substantially  nonparallel  re- 
lation  of  the  wires. 

When  the  completed  rubberless  tire  bead  as- 
20  semblies  in  accordance  with  the  present  invention 

have  been  constructed,  it  may  be  desirable  to  use 
preformed  clips  which  may  relatively  quickly  en- 
gage  at  least  a  portion  of  the  convolutions  of  the 
wire  while  the  tire  bead  assembly  is  on  the  forming 

25  drum.  Furthermore,  if  such  clips  are  used  as  a 
precursor  means  primarily  to  facilitate  removal  of 
the  formed  bead  from  the  forming  drum,  subse- 
quent  operations  may  well  be  utilized  to  complete 
tire  bead  assembly,  such  as,  spot  weld- 

30  ing.soldering,  gluing,  spot  dipping  the  bead  assem- 
bly  into  an  adhesive  or  the  use  of  a  fabric  or  wire 
wrap  around  the  circumference  of  the  bead  assem- 
bly,  to  provide  that  the  elongated  wire  elements  of 
a  nominally  circular  cross  section  are  positioned 

35  parallel  relative  to  one  another  from  convolution  to 
convolution  with  the  elongated  element  surfaces  in 
direct  contact  with  one  another  such  that  the  void 
volumes  may  exist  between  the  convolutions  of  the 
elongated  wire  elements  of  the  tire  bead  assembly. 

40  It  is  envisioned  that  the  principle  of  precursor, 
or  partial,  bonding  on  the  forming  drum  may  take  a 
variety  of  forms  including  those  mentioned  above 
for  completing  the  tire  bead  assembly. 

In  still  a  further  embodiment  of  the  present 
45  invention,  a  method  of  manufacturing  densely 

packed  rubberless  single  wire  tire  bead  assemblies 
wherein  the  wire  ends  are  positioned  internal  to  the 
body  of  the  tire  bead  assembly  or  in  an  internal 
position  of  the  wire  array  or  wherein  at  least  one  of 

so  the  termination  ends  is  positioned  external  to  the 
tire  bead  assembly,  either  on  the  inside  diameter 
surface  or  on  the  sidewall  surface.  When  at  least 
one  tire  bead  end  of  the  elongated  wire  or  strength 
element  is  positioned  on  the  inside  diameter  sur- 

55  face  of  the  tire  bead  assembly,  termination  ends  of 
the  elongated  wire  material  may  be  treated  in  ac- 
cordance  with  our  co-pending  application  EP 
88307521.0,  filed  12  August  1988,  and  the  disclo- 
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sure  and  the  treatment  of  bead  ends  therein  is 
incorporated  herein  by  reference  to  improve  the 
strength  efficiency  of  the  resultant  rubberless  tire 
bead  assemblies. 

The  present  invention  consists  of  certain  novel 
features  and  structural  details  hereinafter  fully  de- 
scribed,  illustrated  in  the  accompany  drawings,  and 
particularly  pointed  out  in  the  appended  claims,  it 
being  understood  that  various  changes  in  the  de- 
tails  may  be  made  without  departing  from  the  spirit 
and  scope  thereof  or  sacrificing  any  advantages  of 
the  present  invention. 

FIG.  1  is  a  fragmentary  axial  plan  view  of  a  5 
x  5  rubberless  multiple  wire  tire  bead  assembly  in 
accordance  with  the  present  invention; 

FIG.  2  is  a  cross-sectional  view  of  the  5  x  5 
rubberless  multiple  wire  tire  bead  assembly  taken 
along  lines  2-2  of  FIG.  1  ; 

FIG.  3  is  a  fragmentary  axial  plan  view  of  a  5 
x  5  rubberless  single  wire  tire  bead  construction  in 
accordance  with  the  present  invention; 

FIG.  4  is  a  cross-sectional  view  of  a  5  x  5 
rubberless  single  wire  tire  bead  assembly  taken 
along  lines  4-4  of  FIG.  3; 

FIG.  5  is  a  side  elevational  view  of  a  rubber- 
less  tire  bead  assembly  in  accordance  with  the 
present  invention  showing  shape  retaining  means 
for  engaging  at  least  a  portion  of  the  convolutions 
of  the  wires  within  the  bead  assembly  spaced 
equally  about  the  bead  circumference  to  retain  the 
tire  bead  assembly  in  a  planar  configuration; 

FIG.  6  is  an  enlarged  cross-sectional  view 
taken  along  lines  6-6  of  FIG.  5  showing  a  dense 
packed  3-4-5-4-3  rubberless  tire  bead  construction 
having  one  embodiment  of  the  shape-retaining 
means  engaging  at  least  a  portion  of  the  plurality  of 
the  convolutions  of  the  single  wires  to  retain  the 
tire  bead  assembly  in  a  planar  configuration  in 
accordance  with  the  present  invention; 

FIG.  7  is  an  enlarged  cross-sectional  view  of 
dense  packed  4-5-6-5  rubberless  single  wire  tire 
bead  assembly  showing  a  further  embodiment  of 
the  shape-retaining  means  engaging  the  tire  bead 
array  in  accordance  with  the  present  invention  po- 
sitioned  about  the  tire  bead  assembly  to  retain  the 
surfaces  of  the  wires  in  contact  with  each  other 
such  that  void  volumes  exist  between  the  convolu- 
tions  of  the  wire  elements  within  the  bead  assem- 
bly; 

FIG.  8  is  an  enlarged  cross-sectional  view  of 
dense  packed  3-4-5-4-3  rubberless  tire  bead  as- 
sembly  showing  another  embodiment  of  the  shape- 
retaining  means  engaging  the  tire  bead  array  in 
accordance  with  the  present  invention  positioned 
about  the  tire  bead  assembly  to  retain  the  elon- 
gated  wire  element  surfaces  in  contact  with  each 

other  such  that  void  volumes  exist  between  the 
convolutions  of  the  wire  elements  within  the  bead 
assembly; 

FIG.  9  is  an  enlarged  cross  sectional  view  of 
5  a  dense  packed  4-5-4  tire  bead  assembly  showing 

another  embodiment  of  the  shape-retaining  means 
engaging  the  tire  bead  array  in  accordance  with  the 
present  invention  positioned  and  engaging  at  least 
a  portion  of  the  plurality  of  convolutions  of  the 

io  single  wire  in  direct  contact  with  each  other  such 
that  void  volumes  exist  between  the  wire  elements 
within  the  bead  assembly; 

FIG.  10  is  a  fragmentary  elevational  view  of 
a  rubberless  tire  bead  assembly  showing  another 

15  embodiment  of  the  shape  retaining  means  engag- 
ing  the  tire  bead  array  in  accordance  with  the 
present  invention  periodically  and  circumferentially 
engaging  the  tire  bead  assembly  to  retain  the  elon- 
gated  wire  element  surfaces  in  direct  contact  with 

20  each  other  such  that  void  volumes  exist  between 
the  wire  elements; 

FIG.  11  is  an  enlarged  cross-sectional  view 
of  a  4  x  4  rubberless  tire  bead  assembly  showing 
another  embodiment  of  the  shape-retaining  means 

25  in  accordance  with  the  present  invention  periodi- 
cally  wrapped  around  the  tire  bead  assembly  to 
retain  the  elongated  wire  element  surfaces  in  con- 
tact  with  each  other  such  that  void  volumes  exist 
between  the  wire  elements  within  the  bead  assem- 

30  bly; 
FIG.  12  is  an  enlarged  cross-sectional  view 

of  a  dense  packed  4 x 4   rubberless  tire  bead 
assembly  showing  another  embodiment  of  the 
shape-retaining  means  for  engaging  in  accordance 

35  with  the  present  invention  engaging  the  tire  bead 
assembly  to  retain  the  elongated  wire  elements 
surfaces  in  contact  with  each  other  such  that  void 
volumes  exist  between  the  wire  elements; 

FIG.  13  is  an  enlarged  plan  view  of  one  end 
40  of  the  shape-retaining  means  members  as  shown 

in  FIG.  12; 
FIG.  14  is  a  fragmentary  axial  plan  view  of  a 

4 x 4   rubberless  tire  bead  assembly  showing  the 
shape-retaining  means  for  accordance  with  the 

45  present  invention  periodically  engaging  the  tire 
bead  assembly  to  retain  the  elongated  element 
surfaces  in  direct  contact  with  each  other  such  that 
void  volumes  exist  between  the  wire  elements  with- 
in  the  tire  bead  array; 

so  FIG.  15  is  a  cross-sectional  view  of  the  4  x  4 
rubberless  tire  bead  assembly  taken  along  lines 
15-15  of  FIG.  14; 

FIG.  16  is  a  cross-sectional  view  of  a  2-3-2 
rubberless  single  wire  tire  bead  assembly  wherein 

55  the  elongated  single  wire  has  an  adhesive  or  solder 
coating  applied  to  the  wire  surface  either  before  or 
during  the  bead  assembly  process  in  accordance 
with  the  present  invention; 

5 
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FIG.  17  is  a  cross-sectional  view  of  the  2-3-2 
rubberless  tire  bead  assembly  of  FIG.  16  showing 
the  subsequent  bonding  treatment  in  accordance 
with  the  present  invention  of  the  adhesive  or  solder 
coating  to  retain  the  elongated  wire  element  sur- 
faces  in  contact  with  other  wire  surfaces  such  that 
void  volumes  exist  between  the  wire  elements  with- 
in  the  tire  bead  assembly; 

FIG.  18  is  a  fragmentary  axial  plan  view  of  a 
4 x 4   rubberless  single  wire  tire  bead  assembly  in 
accordance  with  the  present  invention  wherein  peri- 
odic  adjacent  wraps  or  convolutions  of  the  wire 
element  are  welded  or  bonded  together  during  the 
manufacture  of  the  assembly  to  retain  the  elon- 
gated  wire  elements  in  contact  with  each  other 
such  that  void  volumes  exist  between  the  wire 
elements; 

FIG.  1  9  is  a  cross-sectional  view  of  the  4  x  4 
rubberless  single  wire  tire  bead  assembly  taken 
along  lines  19-19  of  FIG.  18; 

FIG.  20  is  a  fragmentary  axial  plan  view  of  a 
4 x 4   conventional  prior  art  rubber  coated  single 
wire  tire  bead  assembly  illustrating  the  overlap 
condition  of  the  inner  and  outer  termination  ends  to 
provide  a  conventional  tire  bead  assembly; 

FIG.  21  is  a  fragmentary  axial  plan  view  of  a 
4 x 4   rubberless  wire  tire  bead  assembly  showing 
the  wire  termination  ends  of  the  wire  member  be- 
ing  knurled  to  increase  the  surface  area  thereof  to 
reduce  the  overlap  from  the  inner  and  outer  ter- 
mination  ends  to  provide  a  strength  efficient  tire 
bead  assembly  in  accordance  with  the  present 
invention; 

FIG.  22  is  a  fragmentary  axial  plan  view  of  a 
4 x 4   rubberless  tire  bead  assembly  wherein  the 
inner  termination  end  positioned  on  the  inner  diam- 
eter  of  the  tire  bead  assembly  is  mechanically 
ground  to  provide  a  tapered  wire  termination  end  in 
accordance  with  the  present  invention; 

FIG.  23  is  a  side  plan  view  of  a  rubberless 
tire  bead  assembly  showing  means  for  engaging, 
such  as,  a  close  spiral  fabric  wrapping  and  a 
spaced  spiral  fabric  wrapping  which  retains  the  tire 
bead  assembly  in  a  planar  configuration  and  the 
wire  elements  in  contact  with  each  other  in  accor- 
dance  with  the  present  invention; 

FIG.  24  is  a  fragmentary  axial  plan  view  of  a 
rubberless  tire  bead  assembly  showing  the  inner 
termination  end  or  ends  on  the  inside  diameter 
surface  of  the  tire  bead  assembly  being  rounded  in 
accordance  with  the  present  invention; 

FIG.  25  is  a  fragmentary  axial  plan  view  of  a 
rubberless  tire  bead  assembly  showing  a  cushion 
positioned  between  the  inner  termination  end  or 
ends  and  the  inside  diameter  surface  of  the  tire 
bead  assembly  in  accordance  with  the  present 
invention; 

FIG.  26  is  a  fragmentary  axial  plan  view  of  a 
rubberless  tire  bead  assembly  showing  the  soften- 
ing  or  heat  treatment  of  the  inner  termination  end 
or  ends  the  inside  diameter  surface  of  the  tire  bead 

5  assembly  in  accordance  with  the  present  invention; 
FIG.  27  is  an  axial  plan  view  of  a  rubberless 

tire  bead  assembly  showing  a  wedge  means  posi- 
tioned  at  the  termination  end  or  ends  and  the 
inside  diameter  surface  of  the  tire  bead  assembly 

w  in  accordance  with  the  present  invention; 
FIG.  28  is  a  fragmentary  axial  plan  view  of  a 

3 x 3   tire  bead  assembly  showing  a  high  strength 
elongated  wrap  material  having  a  portion  anchored 
internal  to  the  bead  assembly  and  a  portion  exter- 

15  nal  and  wrapped  around  the  bead  assembly  to 
retain  the  wire  surfaces  in  substantial  contact  with 
each  other  such  that  void  volumes  exist  between 
the  wire  elements  in  accordance  with  the  present 
invention; 

20  FIG.  29  is  an  enlarged  cross-sectional  view 
taken  along  lines  29-29  of  FIG.  28; 

FIGS.  30a-30d  are  schematic  sequential 
drawings  illustrating  the  method  of  forming  a  2-3-2 
rubberless  single  wire  tire  bead  assembly  with  the 

25  inside  diameter  surface  of  the  bead  assembly  free 
of  a  wore  termination  end  in  accordance  with  the 
present  invention; 

FIGS.  3la-3lf  are  schematic  sequential  draw- 
ings  illustrating  the  method  of  forming  a  2-3-2 

30  rubberless  tire  bead  assembly  from  a  single  wire 
with  the  inside  diameter  surface  of  the  tire  bead 
assembly  free  of  a  wire  termination  end  and, 
wherein  one  of  the  wire  termination  ends  is  posi- 
tioned  internal  within  the  bead  assembly  in  accor- 

35  dance  with  of  the  present  invention; 
FIGS.  32a-32f  are  schematic  sequential 

drawings  illustrating  the  method  of  forming  a  2-3-2 
rubberless  tire  bead  assembly  from  a  single  wire 
wherein  both  wire  termination  ends  are  positioned 

40  internal  within  the  tire  bead  assembly  in  accor- 
dance  with  the  present  invention; 

FIGS.  33a-33c  are  schematic  sequential 
drawings  illustrating  the  method  of  forming  a  six 
wire  noncompact  rubberless  tire  bead  assembly 

45  formed  form  a  single  wire  having  the  wire  termina- 
tion  ends  positioned  internal  or  along  the  sidewall 
of  the  tire  bead  assembly  and  held  in  symmetrical 
orientation  by  the  periodic  positioning  of  clip  mem- 
bers  about  the  circumference  of  the  bead  assem- 

50  bly  in  accordance  with  the  present  invention; 
FIGS.  34a-34e  are  schematic  sequential 

drawings  illustrating  the  method  of  forming  a  4  x  4 
rubberless  tire  bead  assembly  containing  multiple 
wires  wherein  the  bead  assembly  has  a  tapered 

55  bead  base  and  a  means  for  engaging  is  the  cir- 
cumference  of  the  tire  bead  assembly  to  retain  the 

6 
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4 x 4   rubberless  tire  bead  assembly  in  a  dense 
compact  condition  in  accordance  with  a  further 
embodiment  of  the  present  invention; 

FIGS.  35a-35c  are  schematic  sequential 
drawings  illustrating  one  method  of  forming  a  4  x  4 
rubberless  tire  bead  assembly  containing  four  wire 
elements  wrapped  radially  therearound  with  the 
termination  ends  being  positioned  in  the  inside  and 
outside  diameter  surfaces  of  the  tire  bead  assem- 
bly  in  accordance  with  the  present  invention; 

FIGS.  36a-36c  are  schematic  sequential 
drawings  illustrating  another  method  of  forming  a  4 
x  4  multiple  wire  tire  bead  assembly  wherein  the 
termination  ends  are  positioned  on  the  sidewall  of 
the  bead  assembly  in  accordance  with  the  present 
invention;  and 

FIG.  37  is  an  axial  plan  view  of  the  4  x  4 
multiple  wire  tire  bead  assembly  of  FIGS.  36a-36c 
showing  the  termination  ends  on  the  sidewall  of  the 
bead  assembly. 

For  the  purpose  of  facilitating  an  understanding 
of  the  scope  of  the  present  invention,  illustrated  in 
the  drawings  of  several  embodiments  of  the 
present  invention,  like  numerals  have  been  used 
throughout  the  several  views  to  designate  the  same 
or  similar  parts.  The  present  invention  is  directed  to 
rubberless  tire  bead  assemblies  and  to  novel  me- 
chanical  and  physical  treatments  of  the  assembled 
tire  bead  assembly  to  hold  and  retain  the  tire  bead 
assembly  within  a  planar  configuration.  Additionally, 
the  present  invention  is  directed  to  novel  methods 
of  manufacturing  rubberless  tire  bead  assemblies 
containing  either  a  single  elongated  wire  or 
strengthening  element  or  containing  multiple  or  a 
plurality  of  elongated  wire  or  strengthening  ele- 
ments.  And,  as  used  in  the  present  disclosure,  the 
reinforcing  or  strengthening  element  utilized  in 
manufacturing  the  ribbon-type  tire  bead  assembly 
as  well  as  the  single  reinforcing  element  tire  bead 
assembly  is  a  wire  element. 

FIG.  1  illustrates  and  discloses  a  5  x  5  tire 
bead  assembly  12  that  is  manufactured  by  utilizing 
five  strands  of  a  wire  or  strengthening  element  14, 
radially  wrapped  upon  themselves  five  times  to 
provide  the  5  x  5  rubberless  tire  bead  assembly 
12.  Each  of  the  wires  14a-14e  have  an  inner  ter- 
mination  end  15,  as  shown  in  FIGS.  1  and  2,  on  the 
inner  diameter  surface  16  of  the  bead  assembly 
12,  and  an  outer  termination  end  17,  as  shown  in 
FIG.  1  ,  on  the  outer  diameter  or  peripheral  surface 
18  of  the  bead  assembly  12.  The  tire  bead  assem- 
bly  12  of  this  particular  5 x 5   construction,  is 
comprised  of  multiple  convolutions  of  five  elon- 
gated  wire  elements  I4a-I4e,  each  being  a  nomi- 
nally  circular  in  cross-  section  and  each  being  free 
or  substantially  free  of  any  elastomer  or  rubber 
envelope  about  the  wire  elements  I4a-I4e.  The 

elongated  wire  elements  14a-l4e  axis  of  each  wire 
14a-l4e  are  positioned  substantially  parallel  relative 
to  one  another  and  parallel  front  convolution  to 
convolution  with  the  wire  surfaces  21  in  contact 

5  with  at  least  adjacent  convolutions  of  the  wires 
such  that  void  volumes  exist  between  the  wire 
elements  14,  as  shown  in  FIG.  2. 

FIGS.  3  and  4  illustrated  a  5  x  5  single  wire  tire 
bead  assembly  12  comprised  of  a  single  wire  ele- 

10  ment  14  wound  upon  itself  twenty-five  times.  As 
shown  in  FIG.  3,  the  inner  termination  end  15  of  the 
single  wire  element  14  is  on  the  inner  diameter 
surface  16  of  the  tire  bead  assembly  12.  As  is 
shown  in  FIG.  4,  the  elongated  wire  element  14  is 

75  preferably  circular  in  cross-section  and  is  free  or 
substantially  free  of  an  envelope  of  elastomer, 
polymeric  or  rubber  material,  with  each  of  the 
element  axis  being  parallel  relative  to  one  another 
from  convolution  to  convolution  and  with  the  elon- 

20  gated  wire  element  surfaces  21  in  direct  contact 
with  each  other  such  that  void  volumes  19  exist 
between  the  elements,  as  shown  in  FIG.  4.  The 
phrase  free  or  substantially  free  of  an  envelope  of 
elastomeric  or  rubber-like  materials  means  that  the 

25  wire  elements  used  in  accordance  with  the  inven- 
tion  is  substantially  free  of  any  elastomeric  or 
rubber-like  materials  prior  to  incorporation  into  the 
novel  tire  bead  assemblies.  That  is,  the  wire  ele- 
ments  are  substantially  free  of  elastomeric  or 

30  rubber-like  materials  that  prevent  the  wire  elements 
from  becoming  into  contact  with  each  other  from 
convolution  to  convolution  or  within  a  convolution. 
The  present  invention  does  not  exclude  the  use  of 
material  coatings  that  facilitate  lubrication,  wear  re- 

35  sistance,  corrosion  resistance  or  adhesion  to  other 
components  of  the  bead  area  in  the  finished  tire. 

FIG.  5  illustrates  a  completed  3-4-5-4-3  dense 
packed  rubberless  single  wire  tire  bead  assembly 
1  2  that  has  been  wound  on  a  tire  bead  former  (not 

40  shown).  The  present  invention  contemplates  the 
utilization  of  shape-retaining  means  20  for  engag- 
ing  at  least  a  portion  of  the  plurality  of  the  convolu-  . 
tions  of  the  single  wires  14  which  comprise  the  tire 
bead  assembly  12  of  the  bead  array  periodically 

45  about  the  bead  circumference  to  retain  the  tire 
bead  assembly  12  in  a  planar  configuration.  As 
shown  in  FIG.  5,  the  shape-retaining  means  20  for 
engaging  the  completed  tire  bead  assembly  12 
engage  the  bead  bodies  at  approximately  six  loca- 

50  tions  circumferentially  and  equally  spliced  about 
the  circumference  of  the  tire  bead  assembly  12. 

A  variety  of  shape-retaining  means  20  for  en- 
gaging,  bonding  or  otherwise  holding  and  retaining 
the  rubberless  bead  assembly  or  bundle  together 

55  after  manufacture  of  the  tire  bead  assembly  or 
bundle  is  contemplated  by  the  present  invention. 
The  shape-retaining  means  20  for  engaging,  bond- 
ing,  or  retaining  the  wire  elements  within  the  tire 
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bead  array  provides  a  rubberless  tire  bead  assem- 
bly  12  possessing  interstitial  voids  19  between  the 
wire  elements  14  when  the  surfaces  of  the  convolu- 
tions  of  the  wire  elements  are  substantially  in 
planar  contact  relationship  between  adjacent  con- 
volutions  of  the  wire  elements.  The  variety  of 
shape-retaining  means  20  for  engaging  or  bonding 
at  least  a  portion  of  a  plurality  of  the  convolutions 
of  the  single  wire  14  or  multiple  wires  within  the  tire 
bead  assembly  12,  include  the  use  of  a  preformed 
metal  clip  member  22  about  at  least  a  portion  of 
the  piurality  of  the  convolutions  of  the  wire  element 
14  of  the  3-4-5-4-3  dense  packed  tire  bead  assem- 
bly  12,  as  shown  in  FIG.  6.  FIG.  7  illustrates 
another  embodiment  of  the  shape-retaining  means 
20  which  comprises  a  metal  clip  member  22 
wrapped  around  the  4-5-6-5  dense  packed  single 
wire  tire  bead  assembly  12.  FIG.  8  illustrates  em- 
bodiment  of  the  shape-retaining  means  20  which 
comprises  a  twisted  filament  or  wire  tie  retaining 
member  24  which  is  wrapped  around  a  dense 
packed  3-4-5-4-3  rubberless  tire  bead  assembly 
12.  FIG.  9  illustrates  another  embodiment  of  the 
shape-retaining  means  20  which  comprises  a  pro- 
filed  retaining  clip  member  26  which  is  positioned 
periodically  about  the  circumference  of  a  dense 
packed  4-5-4  tire  bead  assembly  12  for  engaging 
at  least  a  portion  of  the  plurality  of  convolutions  of 
the  single  wire  14  of  the  tire  bead  assembly  to 
retain  the  tire  bead  assembly  12  in  a  planer  per- 
pendicular  to  the  bead  axis  of  revolution,  with  the 
elongated  wire  element  surfaces  in  contact  with 
each  other  such  that  void  volumes  19  exist  be- 
tween  the  elements.  The  use  of  preformed  retain- 
ing  clip  members  22  and  26  (FIGS.  6  and  9) 
substantially  reduces  the  significant  delay  between 
successive  bead  forming  cycles  on  the  bead  mak- 
ing  machines  (not  shown).  However,  the  scope  of 
the  present  invention  is  not  limited  to  the  use  of 
preformed  clip  members  but  is  directed  generally 
towards  the  use  of  shape-retaining  means  for  en- 
gaging  the  convolutions  of  the  wire  elements, 
which  comprise  the  formed  bead  assembly,  to  hold 
the  convolutions  substantially  parallel  relative  to 
one  another  and  parallel  from  convolution  to  con- 
volution  with  the  elongated  wire 

FIG.  10  illustrates  another  embodiment  of  the 
shape-retaining  means  20  for  engaging  the  tire 
bead  assembly  to  retain  the  elongated  wire  ele- 
ments  14  in  direct  contact  with  each  other  so  that 
void  volumes  exist  between  the  wire  elements. 
Specifically,  FIG.  10  discloses  a  helical  retaining 
clip  or  spring  wrap  member  28  which  circumferen- 
tiaily  engages  the  completed  tire  bead  assembly  to 
retain  the  bead  assembly  in  a  planer  perpendicular 
to  the  bead  axis  of  revolution.  FIG.  11  discloses 
another  embodiment  of  the  shape-retaining  means 
20  which  include  a  mechanically  interlocked  retain- 

ing  member  30  which  is  periodically  wrapped  ar- 
ound  the  tire  bead  assembly  12  to  hold  the  elon- 
gated  wire  surfaces  in  contact  with  each  other  such 
that  void  volumes  19  exist  between  the  wire  ele- 

5  ments.  As  shown  in  FIG.  11,  the  tire  bead  assem- 
bly  12  is  comprised  of  four  elongated  wires  14a, 
I4b,  14c,  and  14d  that  are  sequentially  wrapped 
around  a  forming  mandrel  (not  shown)  to  form  a  4 
x  4  rubberless  tire  bead  assembly.  In  FIG.  12,  the 

10  shape-retaining  means  20  includes  a  mechanical 
locking  member  30  which  is  wrapped  about  the 
completed  4x4   tire  bead  assembly  to  force  the  4 
x  4  tire  bead  assembly  into  a  close  or  dense 
packed  configuration.  FIG.  13  is  an  enlarged  view 

75  of  one  end  30a  of  the  mechanically  locking  mem- 
ber  30  showing  the  engagement  of  end  30a  within 
an  opening  30b  of  the  member  30  which  is  posi- 
tioned  about  the  bead  assembly  12  to  form  the 
defense  packed  4x4  tire  bead  assembly. 

20  FIGS.  14  and  15  illustrate  a  4  x  4  rubberless 
tire  bead  assembly  12  wherein  the  shape-retaining 
means  includes  chemically  bonding  32  the  bead 
assembly  periodically  about  the  circumference  of 
the  bead  assembly  or  hoop  to  retain  the  elongated 

25  wire  elements  in  contact  with  each  other  such  that 
void  volumes  exist  between  the  elements.  As 
shown  in  FIGS.  14  and  15,  the  chemical  bonding 
32  may  be  the  use  of  a  solder,  adhesive,  braze 
weld,  or  polymeric  encasement  of  the  bead  assem- 

30  bly  12  to  retain  the  wire  elements  14  in  contact 
with  each  other  such  that  void  volumes  19  exist 
between  the  elements.  The  chemical  bonding  32 
may  include  the  use  of  a  contact  adhesive  applied 
either  during  formation  of  the  bead  assembly  or 

35  dipping  operation  wherein  an  adhesive  or  glue  is 
applied  about  the  outer  surface  of  the  tire  bead 
assembly  12  after  formation  of  the  bead  assembly. 
The  utilization  of  a  chemical  bond  32  must  be 
sufficient  to  retain  the  formed  and  completed  tire 

40  bead  assembly  12  in  a  plane  perpendicular  to  the 
bead  axis  of  revolution  for  subsequent  insertion 
and  use  in  the  tire  making  process. 

It  is  within  the  scope  of  the  present  invention 
that  in  certain  cases  it  may  be  desirable  for  eco- 

45  nomic  or  other  reasons  to  employ  secondary  oper- 
ations  to  the  formed  rubberless  bead  such  as  dip- 
ping  in  polymeric  material  or  otherwise  molding 
with  a  polymeric  material  such  that  the  entire  bead 
wire  array  is  filled  with  materials.  In  such  instances, 

so  the  void  regions  or  volumes  will  not  exist  within  the 
bead  assembly. 

FIGS.  16  and  17  illustrate  the  manufacture  of  a 
2-3-2  rubberless  tire  bead  assembly  12  wherein  the 
wire  element  14  is  coated-  34  with  a  solder  or 

55  adhesive  material  either  prior  to  or  during  forming 
operation  for  the  tire  bead  assembly  12.  After  for- 
mation  of  the  tire  bead  assembly,  subsequent  heat- 
ing  the  solder  coating  or  further  chemical  curing  of 
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he  adhesive  coating  34  results  in  a  rubberless  tire 
jead  assembly  12  having  the  bead  array  configura- 
ion,  as  substantially  shown  in  FIG.  17.  The  com- 
peted  tire  bead  assembly  12  includes  the  cured 
:hemical  adhesive  or  solder  coating  34  retaining 
he  elongated  wire  element  14  surfaces  21  in  sub- 
stantial  contact  with  at  least  an  adjacent  wire  con- 
volution  such  that  void  volumes  19  exist  between 
he  wire  elements  14  to  retain  the  tire  bead  assem- 
bly  in  a  plane  perpendicular  to  the  bead  axis  of 
•evolution  for  subsequent  use  in  the  tire  making 
Drocess. 

FIGS.  18  and  19  illustrate  either  a  single  wire  4 
<  4  rubberless  tire  bead  assembly  or  a  multiple  or 
bur-wire  4 x 4   rubberless  tire  bead  assembly 
which  includes  a  further  embodiment  of  the  shape- 
•etaining  means.  During  the  formation  or  manufac- 
;ure  buildup  of  the  tire  bead  assembly  12  on  the 
drming  drum  (not  shown),  periodic  contact  welds 
Dr  contact  soldering  32  chemically  bonds  adjacent 
involution  is  of  the  wire  element  or  elements 
:ogether.  FIG.  19,  shows  a  cross-section  view  of 
:he  bead  array  and  illustrates  the  periodic  spot 
welding  or  soldering,  which  may  be  both  vertical 
and  horizontal  between  convolutions  of  the  wire 
slement  by  elements  to  connect  adjacent  wire  ele- 
ments  14  to  chemically  bond  retain  the  elongated 
wire  elements  in  contact  with  each  other  so  that 
yoid  volumes  19  exist  between  the  wire  elements. 
This  chemical  bonding  treatment  during  the  manu- 
facture  of  rubberless  tire  bead  assemblies  provides 
a  rubberless  tire  bead  assembly  12  which  is  re- 
tained  in  a  planer  perpendicular  to  the  bead  axis  of 
revolution  for  subsequent  use  in  the  tire  building 
process. 

FIG.  20  illustrates  a  conventional  prior  art  3  x  3 
tire  bead  assembly,  wherein  the  individual  wire 
elements  14  which  include  an  envelope  or  rubber 
coating  23.  In  such  bead  assemblies,  the  over- 
lapped  length  between  the  inner  termination  end  15 
with  respect  to  the  outer  termination  end  17  is  a 
length  A.  The  length  A  is  necessary  to  increase  the 
adhesion  surface  area  so  as  to  provide  equivalent 
pull  out  adhesive  force  in  the  overlapped  region. 
Such  extended  overlapped  lengths  of  the  termina- 
tion  ends  of  the  wire  elements  14  may  provide  an 
out-of-balance  condition  for  such  prior  art  tire  bead 
assemblies. 

FIG.  21  illustrates  a  rubberless  3x3   tire  bead 
construction  wherein  the  inner  termination  end  15 
and  the  outer  termination  end  1  5  includes  a  portion 
36  adjacent  the  ends  thereof  which  are  knurled  or 
otherwise  roughened.  Such  knurling  or  roughening 
results  in  a  reduced  overlapped  length  B,  as  shown 
in  FIG.  21,  which  thereby  reduces  the  amount  of 
material  necessary  to  be  utilized  in  constructing  the 
rubberless  tire  bead  assembly  12  and  reduces  the 
amount  of  out-of-balance.  The  knurling,  roughening 

or  threading  ot  the  wires,  adjacent  tne  enas  tnereor, 
provides  an  increased  adhesion  surface  area  so  as 
to  provide  increased  resistance  to  the  pullout  force 
in  the  overlapped  region  B.  Moreover,  it  is  within 

5  the  scope  of  the  present  invention  to  provide  that 
the  entire  length  of  wire  element  14  utilized  in 
constructing  the  rubberless  tire  bead  assembly  12 
in  accordance  with  the  present  invention  may  be 
roughened  or  knurled  to  increase  the  adhesion 

to  surface  area  with  respect  to  the  wire  bead  assem- 
bly  and  the  tire  carcass  material  that  surrounds  the 
bead  when  the  bead  is  placed  in  the  tire  during  the 
tire  building  operation. 

FIG.  22  illustrates  the  incorporation  of  my  co- 
(5  pending  application  serial  no.  085,642,  filed  August 

13,  1987,  which  discloses  the  specialized  treatment 
of  the  bead  wire  ends  when  they  are  positioned 
within  a  tire  bead  assembly.  Specifically,  FIG.  22 
illustrates  a  rubberless  tire  bead  assembly  having 

io  an  inner  termination  end  15  and  an  outer  termina- 
tion  end  17,  with  the  inner  termination  end  15 
positioned  on  the  tire  bead  inner  diameter  surface 
16.  As  shown  in  FIG.  22,  a  grinder  or  other  me- 
chanical  means  37  is  utilized  to  engage  the  inner 

25  termination  end  15  to  grind  the  same  to  provide  a 
tapered  portion  15a  thereon  or  to  otherwise  provide 
an  angle  cut  on  the  tire  bead  end  15  to  eliminate 
the  sharp  defined  stress  point  or  contact  point 
between  the  wire  termination  end  15  and  the  inner 

30  peripheral  surface  16  of  the  tire  bead  assembly. 
FIG.  23  is  an  axial  plan  view  of  a  rubberless 

tire  bead  assembly  12  in  accordance  with  two 
additional  embodiments  of  the  present  invention. 
Specifically,  FIG.  23  discloses  and  illustrates  a 

35  close  spiral  fabric  wrapping  38  which  is  wrapped 
continuously  about  the  tire  bead  assembly  12  or 
bead  hoop  to  retain  the  convolutions  of  either  the 
single  wire  or  plurality  of  wires  comprising  the  tire 
bead  array  in  substantial  contact  with  one  another 

40  to  retain  the  bead  assembly  in  a  planer  perpen- 
dicular  to  the  bead  axis  of  revolution.  As  shown 
also  in  FIG.  23,  a  spiral-fabric  wrapping  40  having 
gaps  42  therebetween  is  disclosed  and  continu- 
ously  wrapped  about  the  circumference  of  the  tire 

45  bead  assembly  12  or  bead  hoop  to  retain  the 
convolutions  of  either  the  single  wire  or  plurality  of 
wires  comprising  the  bead  array  in  substantial  con- 
tact  with  one  another  and  to  retain  the  bead  assem- 
bly  in  a  planer  perpendicular  to  the  bead  axis  of 

so  revolution.  The  continuous  shape-retaining  means, 
as  disclosed  in  FIGS.  16,  17,  and  23,  may  well  be 
applied  in  a  subsequent  application  after  the  bead 
assembly  has  first  been  formed  and  bound  using 
precursor  clip  members,  as  shown  in  FIGS.  6-12. 

55  The  embodiments  of  the  present  invention,  as  dis- 
closed  in  FIG.  23,  as  well  as  the  embodiments  of 
the  present  invention  shown  in  FIGS.  16  and  17, 
show  continuous  bonding  methods  that  continually 
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engage  the  wire  elements  14  throughout  the  bead 
assemblies'  circumferential  length  thereof  to  retain 
the  tire  bead  assembly  in  a  planer  while  at  the 
same  time  maintaining  the  substantially  round  wire 
elements  14  in  a  parallel  nonvariable  cross  sec- 
tional  geometry  with  the  elongated  wire  axis  being 
parallel  to  one  another  and  parallel  from  convolu- 
tion  to  convolution.  In  such  a  condition,  the  elon- 
gated  wire  element  14  surfaces  are  in  contact  with 
adjacent  convolutions  such  that  void  volumes  exist 
between  the  wire  elements.  It  is  understood  that  a 
variety  of  wrapping  materials  such  as  tapes,  films, 
wires  can  be  employed  advantageously. 

FIG.  24  illustrates  a  rubberless  tire  bead  as- 
sembly  1  4  in  accordance  with  the  present  invention 
wherein  the  inner  termination  end  15  of  the  wire 
element  or  elements  14  is  mechanically  rounded  at 
the  point  where  the  inner  bead  termination  15  en- 
gages  the  inner  peripheral  diameter  surface  16  of 
the  tire  bead  assembly  12.  FIG.  25  illustrates  a 
rubberless  tire  bead  assembly  14  having  a  cush- 
ioning  material  or  means  44  positioned  between 
the  tire  bead  end  1  5  and  the  tire  bead  inner  diam- 
eter  surface  16.  The  cushioning  material  may  be 
rubber,  reinforced  fabric  material  or  even  a  metal, 
such  as  aluminum  strip.  FIG.  26  illustrates  a  rub- 
berless  tire  bead  assembly  12  wherein  the  tire 
bead  end  15  is  mechanically  softened  45  by  heat 
or  flame  treatment  to  soften  the  inner  tire  bead  end 
15  at  the  point  where  the  end  or  ends  engage  the 
tire  inner  diameter  surface  1  6  of  the  assembly  1  2. 
FIG.  27  illustrates  a  rubberless  tire  bead  assembly 
12  in  accordance  with  the  present  invention 
wherein  the  inner  termination  end  or  ends  15  of  the 
wire  element  14  includes  a  wedge  means  or  mem- 
ber  46  positioned  against  or  adjacent  to  the  ter- 
mination  end  or  ends  15  to  reduce  the  stress 
concentration  between  ends  and  the  tire  bead  inner 
diameter  surface  16  of  the  tire  bead  assembly  12. 

FIGS.  28  and  29  illustrate  a  multiple  wire  14  3  x 
3  rubberless  tire  bead  assembly  12  which  includes 
an  elongated  wrap  material  48  having  a  portion  49 
of  the  elongated  wrap  material  anchored  internal  to 
the  bead  wire  array  and  a  portion  50  external  to  the 
bead  assembly.  During  manufacture  of  the  3  x  3 
tire  bead  assembly  12,  the  portion  49  of  the  elon- 
gated  wrap  material  internal  to  the  bead  assembly 
is  anchored  to  an  interstice  52  between  the  wires  at 
the  final  wrap  ending  of  the  3  x  3  bead  construction 
and  the  remaining  portion  50,  external  to  the  bead 
construction,  is  continuously  and  spirally  wrapped 
about  the  entire  bead  circumference  to  retain  the 
entire  bead  assembly  in  a  planer  perpendicular  to 
the  bead  axis  of  revolution  while  having  void  vol- 
umes  19  within  the  bead  assembly.  The  elongated 
wrap  material  48  may  be  a  bonding  agent,  such  as 
a  soldered  coated  steel  wire  or  an  extension  of  the 
wire  element  14.  The  wrap  material  may  also  be  a 

polymeric,  glass,  metal,  or  natural  fiber  material 
which  is  compatible  with  the  cured  tire  carcass 
when  a  bead  assembly  12  is  subsequently  used  in 
the  tire  building  process. 

5  FIGS.  30a-30d  schematically  illustrate  a  for- 
ming  method  for  the  manufacture  of  a  2-3-2  rub- 
berless  tire  bead  assembly  wherein  the  internal 
inner  diameter  surface  16  of  the  tire  bead  assembly 
12  is  free  of  the  inner  termination  end  15  of  the 

m  wire  element  14.  The  bead  former  54  includes  a 
rotatable  cylindrical  mandrel  surface  56  and  a  radi- 
ally  expandable  rotatable  mandrel  57.  The  bead 
former  is  rotated  three  revolutions  to  position  or 
deposit  convolutions  1  ,  2  and  3  of  the  wire  element 

75  14  into  the  former,  the  position  as  shown  in  FIG. 
30a.  After  two  more  revolutions  of  the  former  54, 
convolutions  4  and  5  are  deposited  on  the  former, 
as  shown  in  FIG.  30b.  At  the  beginning  of  the  sixth 
revolution  of  the  former,  the  expandable  mandrel 

20  57  is  radially  moved  outwardly  to  position  and 
move  wire  convolution  1  into  the  same  level  as 
convolutions  4  and  5,  as  shown  in  FIG.  30c.  After 
the  seventh  revolution  of  the  former,  convolutions  6 
and  7  are  added  to  complete  the  2-3-2  rubberless 

25  tire  bead  assembly.  Importantly,  the  termination 
ends  15  and  17  are  contained  in  convolution  1  and 
in  convolution  7  and  located  in  adjacent  convolu- 
tions  or  positions,  as  shown  in  FIG.  30d.  The  ter- 
mination  ends  15  and  17  may  be  fastened  one  to 

30  the  other  by  welding,  brazing,  soldering,  gluing  or 
ferruling.  Thereafter,  the  formed  tire  bead  assembly 
has  applied  to  it  the  shape-retaining  means  as 
previously  described  to  complete  a  bead  assembly 
having  an  inner  diameter  surface  free  of  any  ter- 

35  mination  ends. 
FIGS.  31a-31f  schematically  illustrate  the  meth- 

od  for  forming  a  2-3-2  single  wire  rubberless  tire 
bead  assembly  12  from  the  a  single  wire  14 
wherein  the  resultant  rubberless  tire  bead  assem- 

40  bly  has  the  tire  bead  inner  diameter  surface  16  free 
of  any  wire  termination  ends  and  wherein  the  tire 
bead  assembly  12  includes  at  least  one  wire  ter- 
mination  end  positioned  internally  with  respect  to 
the  tire  bead  assembly  12.  As  shown  in  FIG.  31a, 

45  the  forming  device  54  includes  a  V-shaped  cavity 
58  annularly  and  radially  positioned  on  the  seg- 
mented  cylindrical  surface  54.  The  cavity  58  in- 
cludes  a  first  shoulder  59  and  a  second  shoulder 
60  which  cooperate  with  movable  members  61  and 

so  62,  as  will  hereinafter  be  described.  As  shown  in 
FIG  31a,  the  first  wire  convulution  1  is  positioned 
on  the  first  shoulder  59  and  the  second  wire  con- 
volution  2  is  positioned  within  the  cavity  58,  after 
two  revolutions  of  the  forming  device  54.  After  two 

55  additional  revolutions  of  the  forming  device,  wire 
convolutions  3  and  4  are  deposited  on  the  cylin- 
drical  mandrel  56  FIG.  31b)  and  FIG.  31c  shows 
the  simultaneous  axial  movement  of  the  first  mov- 
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able  member  61  to  engage  wire  convolution  1  such 
that  the  surface  of  the  wire  1  contacts  wire  con- 
volution  2.  FIG.  31  d  shows  that  the  wire  convolution 
5  is  deposited  on  the  second  shoulder  60  and  then 
wire  convolution  6  is  positioned  above  wire  con- 
volution  4  after  two  additional  revolutions  of  the 
former  54.  As  shown  in  FIG.  3le,  the  final  revolution 
of  the  former  54  positions  wire  convolution  7  be- 
tween  wires  1  and  4  Thereafter,  the  movable  mem- 
ber  62  is  actuated  and  axially  positions  wires  5  and 
6  in  a  dense  packed  arrangement  wherein  the  wire 
surfaces  are  touching  with  interstitial  void  volumes 
between  the  convolutions  of  the  wires  to  complete 
the  2-3-2  rubberless  single  wire  tire  bead  assem- 
bly,  as  shown  in  FIG.  31  f.  In  such  a  tire  bead 
assembly,  the  outer  end  termination  17  of  the  wire 
or  convolution  7  is  positioned  internal  with  respect 
to  the  body  of  the  tire  bead  assembly  12  and  the 
inner  tire  bead  inner  diameter  surface  16  is  free  of 
any  wire  termination  ends.  Thereafter  the  formed 
tire  bead  assembly  has  applied  to  it  the  shape 
retaining  means  20  to  complete  the  bead  assembly 
12,  as  has  been  previously  described. 

FIGS.  32a-32f  disclose  a  method  of  manufac- 
turing  a  2-3-2  rubberless  single  wire  tire  bead 
assembly  12  from  a  single  wire  element  wherein 
the  wire  termination  ends  15  and  17  of  the  single 
wire  are  positioned  internal  with  respect  to  the 
body  of  the  bead  assembly  and  wherein  the  tire 
bead  inner  diameter  surface  16  is  free  of  any  wire 
termination  ends.  The  tire  bead  forming  apparatus 
is  similar  to  the  apparatus  disclosed  with  respect  to 
the  method  disclosed  in  FIGS.  31a-31f.  As  shown 
in  FIG.  32b,  the  wire  convolution  1  is  positioned  on 
the  first  shoulder  59  of  the  tire  bead,  former  54  with 
the  starting  termination  end  15  bent  inwardly  at 
15a,  as  shown  from  the  top  view  in  FIG.  32a.  After 
the  first  and  second  revolution  of  the  former,  wire 
convolution  1  is  positioned  on  the  first  shoulder  59 
and  wire  convolution  2  is  positioned  within  the  V- 
shaped  cavity  58,  as  shown  in  FIG.  32b  and  FIG. 
32a.  FIG.  32d  represents  the  depositing  of  wire 
convolutions  3  and  4  after  two  additional  revolu- 
tions  of  the  former  and  the  simultaneous  axial 
movement  of  convolution  1  by  movable  member  61 
array  such  that  the  bent  termination  portion  15a 
positions  termination  end  15  in  the  center  of  the 
bead  array. 

After  two  additional  revolutions  of  the  former, 
wire  convolutions  5  and  6  are  positioned,  as  shown 
in  FIG.  31  d.  On  the  seventh  revolution  of  the  for- 
mer,  wire  convolution  7  is  positioned  within  the  tire 
bead  array  as  shown  in  FIG.  31  e.  The  inner  ter- 
mination  end  15  of  convolution  1  and  the  outer 
termination  end  17  of  convolution  7  are  substan- 
tially  in  abutting  relationship,  as  shown  in  dotted 
lines  in  FIG.  32e.  The  ends  abut  one  another  in  a 
location  which  is  internal  to  the  bead  assembly  or 

array  and  wherein  the  resultant  bead  assembly  has 
all  surfaces  free  of  any  wire  termination  ends.  If 
desired,  after  the  formation  of  the  bead  assembly 
in  such  a  manner,  it  may  be  desired  to  spot  weld 

5  chemically  bond,  mechanically  join,  etc.,  the  end 
terminations  15  and  17  together  to  firmly  retain  the 
ends  in  abutting  relationship  to  provide  a  unitary 
rubberless  tire  bead  assembly.  Thereafter  member 
62  is  axially  moved  to  engage  convolutions  5  and  6 

w  to  position  the  same  about  convolution  7,  to  the 
position  as  shown  in  FIG.  32f  and  the  top  view  in 
FIG.  32e.  After  the  tire  bead  assembly  12  has  been 
formed,  the  various  types  of  shape-retaining  means 
may  be  applied  to  the  formed  bead  assembly  to 

75  retain  the  bead  assembly  in  a  plane  perpendicular 
to  the  bead  axis  of  revolution  for  subsequent  use  in 
making  a  tire. 

FIGS.  33a-33c  schematically  illustrate  a  meth- 
od  of  forming  and  manufacturing  a  six-wire,  non- 

20  compact  or  non-dense  tire  bead  assembly  12  (FIG. 
33c)  having  at  least  one  wire  termination  end  inter- 
nal  to  the  bead  assembly  and  wherein  each  of  the 
wires  are  held  in  symmetrical  orientation  by  pe- 
riodically  placing  profile  shape-retaining  means  '20 

25  around  the  bead  circumference  to  retain  the  com- 
pleted  tire  bead  assembly  12  in  a  planer  per- 
pendicular  to  the  bead  axis  of  revolution.  In  making 
the  six-wire,  non-compact  rubberless  single  wire 
tire  bead  assembly  12,  as  shown  in  FIG.  33c,  the 

30  first  four  revolutions  of  the  former  54  are  made 
sequentially  in  the  same  manner  as  the  method 
disclosed  in  FIGS.  31a-3lc,  wire  convolution  1  is 
placed  on  intermediate  flange  59,  wrap  number  2  is 
placed  in  the  forming  groove,  as  shown  in  FIG. 

35  31a,  wire  convolution  3  is  positioned  adjacent  to 
wire  convolution  2  within  the  groove  and  then  wire 
convolution  4  positioned  outwardly  of  the  groove, 
as  shown  in  FIG.  3lb.  As  convolution  4  is  being 
completed,  the  intermediate  flange  and  associated 

40  piston  or  cam  positions  wire  convolution  1  adjacent 
to  wire  convolution  2,  the  position  as  shown  in  FIG. 
31c.  The  movable  member  62  is  to  permit  the 
alignment  of  wire  convolution  5  substantially  over 
wire  convolution  4,  the  position  as  shown  in  FIG. 

45  33a.  Thereafter,  the  final  revolution  of  the  former  54 
deposits  wire  convolution  6  internally  of  the  tire 
bead  assembly  12.  When  convolution  6  is  com- 
pleted,  the  member  62  is  axially  moved  to  position 
and  move  wire  convolution  5  substantially  centering 

50  the  same  upon  wire  convolution  6  to  complete  tire 
bead  assembly,  as  shown  in  the  dotted  line  in  FIG. 
33b.  At  this  point  in  the  assembly  the  wire  convolu- 
tion  1  would  have  a  termination  end  externally  on 
the  sidewall  of  the  tire  bead  assembly  and  the 

55  outer  termination  end  of  wire  convolution  6  would 
be  positioned  internally  within  the  bead  assembly 
After  the  six-wire,  rubberless,  non-compact  tire 
bead  assembly  has  been  so  formed,  profiled 

11 
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shape-retaining  means  20  are  positioned  around 
the  bead  circumference  to  retain  the  bead  assem- 
bly  12  in  a  planar  configuration,  as  shown  in  FIG. 
33c.  The  profiled  shape-retainer  means  or  member 
20  provides  that  the  elongated  wire  element  axis  1- 
6  are  retained  parallel  relative  to  one  another  and 
in  parallel  from  convolution  to  convolution  with  the 
elongated  element  surfaces  in  direct  contact  with 
each  other  such  that  void  volumes  19  exist  be- 
tween  the  wire  elements  to  complete  the  six-wire, 
non-compact,  rubberless  single  wire  tire  bead  as- 
sembly  12.  Other  previously  described  shape-re- 
taining  means  are  also  envisioned  as  are  construc- 
tions  other  than  those  given  as  examples. 

FIGS.  34a-34e  schematically  illustrate  the 
method  of  forming  a  rubberless  4 x 4   tire  bead 
assembly  12  utilizing  multiple  wires  14,  with  the  tire 
bead  assembly  having  a  tapered  bead  base  13  or  a 
tapered  tire  bead  inner  diameter  surface  16.  The 
tire  bead  former  54  includes  a  tapered  radially 
extending  cylindrical  surface  56  and  radially  ex- 
pandable  mandrel  57  which  define  a  tapered  cavity 
58  therebetween.  Rotation  of  the  former  permits 
the  placement  of  four  wires  1  4a-1  4d  simultaneously 
onto  the  surface  56  to  provide  the  first  row  or  layer 
of  the  single  convolutions  of  the  respective  four 
wires  14a-14d  onto  the  tapered  cavity  58,  the  posi- 
tion  as  shown  in  FIG.  34a.  FIG.  34b  illustrates  the 
revolution  of  the  former  wherein  the  four  wires  14a- 
14d  provide  an  overlapping  second  row  or  layer  of 
wires.  As  illustrated  in  FIG.  33c,  the  third  wrapping 
of  the  respective  four  wires  14a-14d  upon  them- 
selves  provides  a  third  row  or  layer  of  the  tire  bead 
assembly.  The  final  and  fourth  row  of  the  respec- 
tive  four  wires  14a-14d  is  wrapped  upon  them- 
selves  to  complete  the  multiple  wire  tire  bead  as- 
sembly  12  having  a  tapered  base  or  inner  diameter 
surface  16,  as  shown  in  FIG.  34d.  After  the  final 
convolutions  of  the  respective  multiple  wires  are 
positioned  and  wrapped  on  the  former,  shape-re- 
taining  means  20,  as  described  above,  engage  the 
tire  bead  assembly  12,  to  provide  the  completed 
multiple  wire  4 x 4   tapered  base  tire  bead  assem- 
bly  12,m  as  shown  in  cross-section  in  FIG.L  34e. 
Such  a  multiple  wire  tapered  base  construction  is 
novel  because  it  is  not  possible  to  make  a  tapered 
base  tire  assembly  wherein  multiple  wires  are  con- 
tained  in  a  rubber  ribbon  of  tape  material  as  known 
and  disclosed  in  the  prior  art  and  explained  pre- 
viously.  The  unique  tire  bead  assembly  12  of  the 
present  invention  provides  a  dense  packed,  4 x 4  
construction,  wherein  the  tapered  inner  diameter  16 
of  the  bead  assembly  will  include  tire  bead  inner 
termination  ends  15  on  the  inside  surface  thereof, 
which  may  be  treated  by  mechanical  deformation, 
heat  softening  treatment  or  the  utilization  of  cush- 
ioning  means  between  the  inner  termination  ends 
and  the  tire  bead  inner  diameter  surface  16,  as 

disclosed  in  FIGS.  22,  24-27,  to  improve  the 
strength  efficiencies  of  such  rubberless  tire  bead 
assemblies. 

One  method  of  making  a  tire  bead  assembly 
5  comprised  of  a  plurality  of  wires  is  illustrated  in 

FIGS.  35a-35c.  The  tire  bead  former  54  is  identical 
to  the  former  disclosed  in  FIGS.  34a-34e,  except  it 
is  includes  a  cylindrical  mandrel  surface  56,  as 
previously  disclosed.  The  4 x 4   multiple  wire  tire 

w  bead  assembly  12  is  manufactured  by  rotating  the 
former  one  revolution  and  simultaneously  feeding 
four  wire  elements  14a-14d  onto  the  cylindrical 
surface  56,  as  shown  in  FIG.  35a.  FIG.  35b  repre- 
sents  the  feeding  of  two  convolutions  of  the  four 

75  wire  elements  14a-14d  onto  surface  56  and  FIG. 
35c  illustrates  the  feeding  of  four  convolutions  of 
the  four  wire  elements  onto  the  surface  56.  There- 
after,  the  rubberless  tire  bead  assembly  12  will  be 
engaged  with  the  shape-retaining  means  20  to 

20  complete  the  multiple  wire  4 x 4   rubberless  tire 
bead  assembly.  Because  the  assembly  will  have 
four  termination  ends  15  on  the  inner  diameter 
surface  16  of  the  tire  bead,  the  ends  15  may  be 
mechanically  deformed,  heat  treated  or  cushioning 

25  means  positioned  between  the  ends  15  and  the 
inner  surface  of  the  tire  bead  assembly,  as  has 
been  disclosed  ion  FIGS.  22  and  24-27. 

Furthermore,  it  should  be  apparent  that  mul- 
tiple  wire  bead  assemblies  such  as  the  4  x  4 

30  construction  described  above  and  in  FIG.  35  may 
be  readily  produced  with  the  resultant  tire  bead 
assembly  having  at  least  some  of  the  wire  end 
terminations  internal  to  the  wire  array  by  utilizing 
forming  drums  having  movable  elements  and  tem- 

35  porary  wire  position  locating  shoulders  similar  to 
those  described  in  FIGS.  30,  31,  32,  and  33  for 
single  wire  bead  assemblies.  As  it  apparent,  the 
tire  assembly  would  have  the  inner  diameter  sur- 
face  free  of  end  terminations,  with  some  of  the  end 

40  terminations  positioned  internal  to  the  completed 
tire  bead  assembly. 

FIGS.  36a-36c  illustrate  another  method  of 
making  a  4  x  4  rubberless  tire  bead  assembly  12 
containing  multiple  wires  14a-14d  in  accordance 

45  with  the  present  invention.  As  shown  in  FIG.  36a, 
one  revolution  of  the  former  54  permits  multiple 
wires  14a,1  14b,  14c,  and  14d  to  be  simultaneously 
wrapped  around  the  cylindrical  surface  56  to  pro- 
vide  a  first  layer  extending  radially  outwardly.  FIG. 

so  36b  represents  the  addition  of  a  second  layer, 
wires  14a-l4b,  axially  positioned  on  the  former  54, 
and  FIG.  36c  represents  the  addition  of  the  fourth 
layer,  14a-14d,  to  complete  the  4  x  4  multiple  wire, 
rubberless  tire  bead  assembly  12.  As  shown  in 

55  FIG.  36c  and  in  FIG.  37,  the  outer  termination  ends 
17  of  the  wire  elements  14a-14d  are  positioned  on 
the  sidewall  27  of  4  x  4  rubberless  tire  bead 
assembly  12  and  the  inner  tire  bead  inner  diameter 

12 
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surface  16  is  free  of  any  termination  ends.  Such  a 
tire  bead  assembly  is  not  possible  utilizing  the 
ribbon-type,  rubber-coated  wire  elements  in  accor- 
dance  with  the  prior  art  because  the  prior  art 
strengthening  elements  do  not  permit  the  simulta- 
neous  feeding  of  each  of  the  respective  wires  in 
both  a  radial  and  an  axial  direction,  a  result  which 
can  be  achieved  utilizing  the  present  invention.  It 
should  be  apparent  that  a  multitude  of  construc- 
tions  other  than  the  4  x  4  construction  of  this 
example  are  possible. 

Additionally,  the  novel  rubberless  tire  bead 
construction  utilizing  multiple  bead  wires  in  accor- 
dance  with  the  present  invention  provides  that  in 
each  convolution  of  the  wire  element,  or  elements 
the  surfaces  of  each  wire  are  in  contact  with  each 
other  over  substantially  the  entire  circumference  of 
the  bead  assembly  while  providing  for  void  vol- 
umes  19  within  the  completed  tire  bead  assembly. 
After  completion  of  the  assembly  as  shown  in  FIG. 
36c,  shape-retaining  means  are  positioned  periodi- 
cally  about  the  bead  circumference  to  retain  the 
completed  multiple  wire  4x4   wire  bead  assembly 
12  in  a  planar  configuration  for  subsequent  use  in 
manufacturing  a  tire. 

It  is  also  within  the  scope  of  the  present  inven- 
tion  that  the  method  of  simultaneously  depositing  a 
plurality  of  multiple  wires  axially  to  provide  a  mul- 
tiple  wire  tire  bead  assembly  may  be  used  In 
manufacturing  the  tapered  base  4 x 4   tire  bead 
assembly,  as  shown  in  FIGS.  34a-34d.  In  such  an 
instance,  the  end  terminations  of  the  last  wrap 
would  be  on  the  sidewall  of  the  tapered  4 x 4   tire 
bead  assembly  and  the  resultant  assembly  would 
not  possess  any  termination  ends  positioned  on  the 
tapered  inner  diameter  surface  16,  as  is  present  in 
the  tapered  4x4  tire  bead  assembly  of  FIGS.  34a- 
34d. 

The  strength  efficiency  of  tire  bead  assemblies 
in  accordance  with  the  present  invention  has  re- 
sulted  in  tire  bead  assemblies  possessing  a 
strength  efficiencies  substantially  equivalent  to  con- 
ventional  round  wire  beads  having  a  rubber  binding 
or  coating  on  the  wires. 

The  practical  advantages  of  eliminating  the 
rubber  coating  from  the  tire  bead  assembly  in- 
cludes  eliminating  the  cost  of  the  bead  rubber 
coating  and  results  in  improved  manufacturing  op- 
erations  such  as  higher  cycle  speeds,  increased 
productivity  during  the  bead  making  operation,  and 
elimination  of  concern  about  the  shelf  life,  or  aging, 
of  beads. 

The  methods  of  simultaneously  feeding  mul- 
tiple  wires  free  of  any  rubber  coating  thereon  per- 
mits  the  manufacture  of  symmetrical  and  densely 
packed  tire  bead  assemblies  which  have  tapered 
inner  diameter  tire  bead  surfaces.  The  manufactur- 
ing  of  rubberless  tire  bead  assemblies  having  the 

wire  termination  ends  positioned  internal  to  the  tire 
bead  assembly  or  on  the  sidewall  of  the  tire  bead 
assembly  has  heretofore  been  unknown.  The  uni- 
formity  of  weight  distribution  around  the  rubberless 

5  tire  bead  assembly  having  wire  termination  ends 
positioned  internally  should  be  much  improved 
over  state-of-the-art  beads  containing  rubber  coat- 
ings  and  overlap  regions. 

10 
Claims 

1.  A  tire  bead  assembly  (12)  comprising  at 
least  one  predetermined  length  of  wire  (14)  wound 

is  about  an  axis  to  provide  a  plurality  of  convolutions 
of  wire  forming  a  bead  hoop,  having  a  bead  wire 
array,  with  each  convolution  in  contact  with  at  least 
one  adjacent  convolution  and  positioned  substan- 
tially  in  a  plane  parallel  to  the  other  convolutions, 

20  and  retaining  means  (20)  for  retaining  each  con- 
volution  in  contact  with  at  least  one  adjacent  con- 
volution  and  for  retaining  the  configuration  of  the 
bead  hoop,  characterised  in  that  said  at  least  one 
predetermined  length  of  wire  (14)  is  substantially 

25  free  of  rubber-type  material  extending  along  its 
length  and  in  that  there  are  wire  free  regions  inter- 
nally  within  said  bead  wire  array. 

2.  A  tire  bead  assembly  according  to  claim  1, 
characterised  in  that  said  wire  free  regions  com- 

30  prise  void  volumes  (19). 
3.  A  tire  bead  assembly  according  to  claim  1 

or  2,  characterised  in  that  said  retaining  means  (20) 
engage  the  circumference  of  the  bead  hoop. 

4.  A  tire  bead  assembly  according  to  claim  1  ,  2 
35  or  3,  characterised  in  that  the  or  each  length  of 

wire  (14)  has  a  nominally  circular  cross-section. 
5.  A  tire  bead  assembly  according  to  any  one 

of  claims  1  to  4,  characterised  in  that  at  least  one 
end  of  the  or  each  predetermined  length  of  wire  is 

40  positioned  internally  within  said  bead  hoop. 
6.  A  tire  bead  assembly  according  to  any  one 

of  claims  1  to  4,  characterised  in  that  the  tire  bead 
assembly  (12)  has  sidewall  surfaces  and  in  that  at 
least  one  end  of  the  or  each  predetermined  length 

45  of  wire  is  positioned  externally  on  one  of  the 
sidewall  surfaces. 

7.  A  tire  bead  assembly  according  to  any  one 
of  claims  1  to  6,  characterised  in  that  said  retaining 
means  (20)  comprises  at  least  one  mechanical 

50  member  either  completely  or  periodically  spaced 
about  the  circumference  of  the  bead  hoop,  the  or 
each  mechanical  member  comprising  a  preformed 
clip  member  (22,  26),  a  wire  tie  member  (24),  a 
spiral  shaped  spring  clip  member  (28),  a  moldable 

55  polymeric  material,  fabric  tape  material  or  elongate 
material. 

13 
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8.  A  tire  bead  assembly  according  to  claim  1 
cr  any  one  of  claims  4  to  6  not  dependent  on  claim 
I,  characterised  in  that  said  retaining  means  unite 
said  convolutions  to  each  other  by  welding,  adhe- 
sives,  fusing,  brazing  or  soldering. 

9.  A  tire  bead  assembly  according  to  claim  1, 
characterised  in  that  the  or  each  wire  is  nominally 
circular  in  cross-section  and  has  one  end  thereof 
positioned  in  a  radially  innermost  row  of  convolu- 
tions. 

10.  A  tire  bead  assembly  according  to  claim  9, 
characterised  in  that  the  or  each  said  one  end  is 
mechanically  deformed  to  minimize  stress  concen- 
tration  between  said  one  end  and  the  inside  sur- 
face  of  the  tire  bead  assembly. 

11.  A  tire  bead  assembly  according  to  claim 
10,  characterised  in  that  said  mechanical  deforma- 
tion  comprises  tapering  the  said  one  end,  e.g.  by 
grinding,  angle  cutting,  swaging,  or  machining,  or 
rounding  the  said  one  end. 

12.  A  tire  bead  assembly  according  to  claim  9, 
characterised  in  that  the  or  each  said  one  end  is 
heat  treated  to  minimize  stress  concentration  be- 
tween  said  one  end  and  the  inside  surface  of  the 
tire  bead  assembly,  said  heat  treatment  being  ef- 
fected  by  brazing,  soldering  or  welding  the  said 
one  end. 

13.  A  tire  bead  assembly  according  to  claim  9, 
characterised  in  that  the  or  each  said  one  end 
includes  cushioning  means  positioned  between 
said  one  end  and  the  inside  surface  of  said  tire 
bead  assembly,  said  cushioning  means  comprising 
a  rubber  based  material,  a  reinforced  fabric  ma- 
terial  or  a  metal. 

14.  A  tire  bead  assembly  according  to  claim  5 
or  6,  characterised  in  that  said  at  least  one  end  of 
said  predetermined  length(s)  of  wire  is  (are)  either 
mechanically  connected  or  chemically  bonded  to 
said  tire  bead  assembly. 

15.  A  method  of  forming  a  tire  bead  assembly 
comprising  wrapping  at  least  one  predetermined 
length  of  wire  about  an  axis  to  provide  a  plurality  of 
convolutions  of  wire  with  each  convolution  being 
positioned  substantially  in  a  plane  parallel  to  the 
remaining  convolutions,  and  retaining  the  tire  bead 
assembly  in  a  desired  configuration  with  each  wire 
convolution  in  contact  with  at  least  one  other  adja- 
cent  wire  convolution,  characterised  in  that  said  at 
least  one  predetermined  length  of  wire  is  free  of 
elastomeric  material  and  in  that  the  tire  bead  as- 
sembly  is  retained  in  its  desired  configuration  by 
engaging  at  least  a  portion  of  said  plurality  of 
convolutions  periodically  about  the  bead  assembly 
circumference  with  shape-retaining  means. 

16.  A  method  according  to  claim  15,  charac- 
terised  in  that  the  step  of  applying  said  shape- 
retaining  means  includes  firstly  depositing  a  pre- 

cursor  means  to  the  wire  convolutions  to  hold  the 
bead  assembly  and  secondly  applying  said  shape- 
retaining  means. 

17.  A  method  according  to  claim  15,  charac- 
5  terised  in  that  said  step  of  wrapping  is  comprised 

of  wrapping  and  positioning  predetermined  wire 
convolutions  about  an  axis  and  then  repositioning 
at  least  one  of  said  predetermined  convolutions  to 
provide  a  tire  bead  assembly  having  an  inner  sur- 

10  face  free  of  termination  ends. 
18.  A  method  according  to  claim  15,  charac- 

terised  in  that  said  step  of  wrapping  is  comprised 
of  wrapping  and  positioning  predetermined  con- 
volutions  of  predetermined  lengths  of  wire  or  wires 

75  about  an  axis  and  then  repositioning  at  least  one 
said  convolution  to  provide  a  tire  bead  assembly 
having  at  least  one  termination  end  or  ends  posi- 
tioned  internally  of  the  bead  assembly. 

19.  A  method  according  to  claim  15,  charac- 
20  terised  in  that  said  step  of  wrapping  is  comprised 

of  wrapping  and  positioning  predetermined  wire 
convolutions  about  an  axis  and  then  positioning  at 
least  one  said  convolution  to  provide  a  tire  bead 
assembly  having  at  least  one  termination  end  or 

25  ends  positioned  on  the  sidewall  of  the  bead  assem- 
bly. 
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