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Description 

BACKGROUND  OF  THE  INVENTION 
5 

Field  of  the  Invention 

The  present  invention  relates  to  a  compact-stranded  wire  conductor  and  a  process  for  forming  the 
10  same,  and  in  particular  to  a  compact-stranded  wire  conductor  to  be  used  in  wire  harnesses  for  motor  ve- 

hicles. 

Description  of  the  Prior  Art 

15  Wire  harnesses  are  typically  used  in  the  various  electrical  systems  of  motor  vehicles,  and  with  the 
growing  advancement  in  the  technology  of  such  electrical  systems,  the  number  and  complexity  of  associ- 
ated  wirings  has  had  to  increase  accordingly.  This  increase  in  complexity  is  especially  evident  for  the 
growing  number  of  electrical  systems  that  operate  on  low  electrical  currents,  such  as  indicator  lights  and 
the  like.  For  this  reason,  the  current  trend  has  been  to  try  to  reduce  the  overall  weight  of  the  wire  har- 

20  ness  by  reducing  the  diameter  of  the  individual  wire  conductors  comprising  the  wire  harness. 
In  response  to  the  current  trends  mentioned  above,  a  thinner  wire  harness  was  proposed  by  making 

use  of  compacted-stranded  wire  conductors,  that  is,  wire  conductors  made  by  circularly  compressing  a 
bundle  of  individual  wires  (Japanese  Laid-Open  Patent  Application  No.  JP-A  60-91573).  The  reasoning 
behind  this  suggestion  was  that  since  the  diameters  of  the  compact-stranded  wire  conductors  can  be 

25  made  relatively  small,  thein  use  would  therefore  lead  to  an  overall  reduction  in  the  size  of  the  wire  har- 
ness. 

Now,  in  order  to  gain  a  better  understanding  of  the  prior  art  compact-stranded  conductor,  a  cross 
sectional  view  of  one  example  of  such  a  conductor  is  illustrated  in  Fig.  1.  As  shown  in  this  figure,  a  com- 
pact-stranded  wire  conductor  1  comprises  a  central  element  wire  2  and  peripheral  element  wires  3  provid- 

30  ed  around  the  central  element  wire  2,  with  spaces  4  and  4'  existing  between  the  element  wires  3  and  the 
central  element  wire  2  and  between  the  element  wires  3  themselves,  respectively. 

In  the  example  described  above,  Fig.  1  further  illustrates  that  the  element  wires  2  and  3,  having  origi- 
nally  been  circular  in  cross  section,  become  deformed  when  they  are  circularly  compressed,  such  as  by 
die  drawing,  to  form  the  the  compact-stranded  wire  conductor  1.  As  a  result  of  this  deformation,  the 

35  spaces  4  and  4'  are  reduced  in  size  relative  to  what  they  were  before  the  element  wires  2  and  3  were  cir- 
culary  compressed,  thus  leading  to  reduction  in  the  overall  size  of  the  wire  conductor  1. 

Unfortunately,  however,  the  prior  art  compact-stranded  wire  conductors  have  many  inherent  disad- 
vantages  because  they  employ  wires  made  from  the  same  material  (such  as  hard  or  soft  copper)  and 
having  the  same  physical  properties  for  both  the  central  element  wire  2  and  the  peripheral  element  wires 

40  3.  These  disadvantages  can  best  be  explained  by  referring  once  again  to  Fig.  1  . 
Namely,  as  shown  in  Fig.  1,  both  the  central  element  wire  2  and  the  peripheral  element  wires  3  undergo 

deformation  and  thereby  take  on  somewhat  random  shapes,  which  in  turn  causes  the  spaces  4  and  4'  to 
become  a  little  scattered  and  also  take  on  somewhat  random  patterns.  As  a  result,  the  compact-stranded 
wire  conductor  so  produced  does  not  possess  sufficient  overall  strength  if  its  diameter  is  made  relative- 

45  ly  small,  and  it  is  even  possible  that  the  electrical  conductivity  of  one  or  more  of  the  element  wires  could 
be  adversely  affected  due  to  such  deformations.  Moreover,  the  slightly  random  nature  of  the  deforma- 
tions  tends  to  give  rise  to  a  loss  in  the  overall  circularity  of  the  wire  conductor,  which  necessitates  the 
provision  of  a  thicker  layer  of  insulating  material  in  order  to  properly  cover  the  wire  conductor. 

50  SUMMARY  OF  THE  INVENTION 

In  view  of  the  disadvantages  of  the  prior  art  compact-stranded  wire  conductors,  it  is  an  object  of  the 
present  invention  to  provide  a  compact-stranded  wire  conductor  having  sufficient  strength  and  electri- 
cal  characteristics  even  when  the  wire  conductor  is  formed  to  have  a  relatively  small  diameter. 

55  It  is  another  object  of  the  present  invention  to  provide  a  compact-stranded  wire  conductor  having 
high  circularity. 

It  is  still  another  object  of  the  present  invention  to  provide  a  compact-stranded  wire  conductor  requir- 
ing  only  a  thin  layer  of  an  insulation  covering. 

It  is  still  a  further  object  of  the  present  invention  to  provide  a  compact-stranded  wire  conductor  in 
60  which  only  the  peripheral  element  wires  undergo  substantial  deformation  when  the  compact-stranded 

wire  conductor  is  manufactured. 
In  order  to  achieve  the  objects  stated  above,  the  compact-stranded  wire  conductor  according  to  the 

present  invention  comprises  a  central  element  wire  having  a  high  hardness  and  peripheral  element  wires 
each  having  a  relatively  low  hardness  with  respect  to  the  hardness  of  the  central  element  wire. 

65  The  foregoing,  and  other  objects,  features,  and  advantages  of  the  present  invention  will  become  more 
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apparent  from  the  detailed  description  of  the  preferred  embodiments  taken  in  conjunction  with  the  accom- 
panying  drawings. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
5 

Fig.  1  is  a  cross-sectional  view  of  a  prior  art  compact-stranded  wire  conductor. 
Fig.  2  is  a  cross-sectional  view  of  a  compact-stranded  wire  conductor  according  to  the  present  inven- 

tion. 
Fig.  3  is  a  graph  showing  the  associated  limiting  currents  for  the  various  diameters  of  the  same  wire 

10  conductors  shown  in  Fig.  4. 
Fig.  4  is  a  graph  showing  the  associated  breaking  loads  for  various  diameters  of  two  compact-strand- 

ed  wire  conductors  according  to  the  present  invention  in  comparison  with  defind  standards. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 
15 

With  reference  to  Fig.  2,  one  embodiment  of  the  present  invention  will  be  described. 
Namely,  as  shown  in  Fig.  2,  a  compact-stranded  wire  conductor  1  comprises  a  central  element  wire  2 

and  peripheral  element  wires  3  concentrically  placed  around  the  central  element  wire  2.  In  this  construc- 
tion,  either  single  or  stranded  wires  can  be  employed  for  both  the  central  element  wire  2  and  the  peripher- 

20  al  element  wires  3,  but  any  and  all  choices  made  must  be  such  that  the  central  element  wire  2  has  a  higher 
hardness  than  that  of  the  peripheral  element  wires  3. 

In  the  embodiment  described  above,  the  use  a  wire  having  both  high  hardness  and  high  strength  for 
the  central  element  wire  2  is  preferred,  such  as  a  wire  made  from  stainless  steel,  copper  alloy  or  the  like. 
In  this  connection,  it  should  be  noted  that  the  choice  should  be  made  even  at  the  sacrifice  of  a  small  loss 

25  in  the  limiting  current,  because  for  low  currect  electrical  systems  such  a  minor  loss  will  have  no  adverse 
effect. 

For  the  peripheral  element  wires  3,  soft  or  hard  copper  wires  or  copper  alloy  wires  may  be  used  so 
long  as  they  have  hardnesses  smaller  than  that  of  the  wire  chosen  for  the  central  element  wire  2.  How- 
ever,  it  is  recommended  that  wires  having  slightly  high  hardnesses,  such  as  stainless  steel  wires,  be 

30  used  for  the  peripheral  element  wires  3  when  a  high-hardness  copper  alloy  wire  is  being  employed  for  the 
central  element  wire  2. 

As  a  direct  consequence  of  the  choices  for  wires  based  on  hardness  mentioned  above,  it  can  be  seen 
from  Fig.  2  that  only  the  peripheral  wires  3  undergo  substantial  deformation  when  the  wire  conductor  1  is 
circularly  compressed  during  its  manufacture.  Moreover,  since  these  deformations  are  roughly  uniform 

35  for  each  of  the  peripheral  wires  3,  there  occurs  a  reduction  in  the  dispersion  and  size  of  spaces  4  and 
4'  existing  between  the  element  wires  3  and  the  central  element  wire  2  and  between  the  element  wires  3 
themselves,  respectively.  The  end  result  is  that  the  wire  conductor  1  will  have  both  high  strength  and 
high  circularity. 

Now,  for  the  purpose  of  demonstrating  the  features  and  advantages  of  the  present  invention  de- 
40  scribed  above,  several  examples  of  the  present  invention  were  made  and  tested  against  prior  art  stand- 

ards  both  in  terms  of  strength  and  limiting  current  for  various  diameters  thereof.  The  particular  con- 
struction  of  these  examples  and  standards,  i.e.,  examples  A  and  B  and  standards  C  and  D,  is  listed  in  Ta- 
ble  1  ,  with  the  resulting  test  data  thereof  being  displayed  in  Figs.  3  and  4. 
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TABLE  1 

Central  Peripheral  Circular  Insulating Elenent  Element  Cover Hire  Hires  Conpactification  sheath 

Example  A  
*  StSinleSS  6  Coppes  AIlov  DIe  O.25=»  of 

Steel  Hire  Hires  Drawing  Polyvinyl 
Chloride 

Example  B  
*  St*inleSS  6  Soft  C°PP«  Die  o.ZSma  of 

Steel  Hire  Hires  Drawing  Polyvinyl 
Chloride 

Standard  C  
*  S°"  C°PPer  6  S°"  C°PPer  Dle  °'2Saa  of 

™«  Hire,  Drawing  l l ^ f 1  Chloride 

Standard  D  
1  Soft  CoPP«  6  Soft  Copper  No  0.2Sbb  of 

Wire  Hires  Circular  Polyvinyl 
Conpactification  Chloride 

10 

15 

20 

With  reference  first  to  Fig.  3,  the  limiting  currents  of  examples  A  and  B  and  standards  C  and  D  are 
25  shown  for  various  diameters,  with  the  dashed  line  P  indicating  a  minimum  limiting  current  of  3  amperes  re- 

quired  for  wire  conductors  which  are  to  be  used  in  wire  harnesses  for  motor  vehicles.  For  the  data 
shown,  tests  were  carried  out  under  conditions  in  which  the  maximum  temperature  and  the  ambient  tem- 
perature  of  the  conductor  during  use  were  80°C  and  60°C,  respectively. 

From  Fig.  3,  it  can  be  seen  that  even  though  the  limiting  currents  of  examples  A  and  B  are  slightly 
30  smaller  than  those  of  standards  C  and  D,  these  currents  are  still  above  the  minimum  limiting  current  line 

P.  Thus,  these  examples  show  that  the  wire  conductors  made  according  to  the  present  invention  can achieve  sufficient  electrical  current  flow,  even  when  the  diameter  of  the  wire  conductor  is  reduced  to 
about  0.5mm. 

Next,  with  reference  to  Fig.  4,  there  is  shown  the  associated  breaking  loads  for  various  diameters  of 
35  the  examples  A  and  B  and  standards  C  and  D.  In  this  graph,  L  represents  a  minimum  breaking  load  of 

10kgf  that  must  be  achieved  in  order  for  the  wire  conductor  to  be  considered  to  have  adequate  strength 
characteristics. 

As  can  be  seen  from  Fig.  4,  in  order  for  standard  C  to  have  sufficient  strength  so  as  to  meet  the  mini- 
mum  breaking  load  requirement  of  10kgf,  it  must  have  a  diameter  of  at  least  0.7mm.  However,  a  direct 

40  comparison  reveals  that  example  A  can  achieve  the  same  strength  requirement  with  a  diameter  of  only 
0.5mm.  This  means  that  it  is  possible  to  achieve  a  reduction  in  diameter  of  about  29%,  and  consequently  a reduction  in  cross-sectional  area  of  about  50%.  Thus,  it  is  quite  clear  that  present  invention  allows  high 
strength  to  realized  for  very  small  diameters  of  a  wire  conductor. 

Finally,  it  is  to  be  understood  that  even  though  the  present  invention  has  been  described  in  its  pre- 
45  ferred  embodiments,  many  modifications  and  improvements  may  be  made  without  departing  from  the 

scope  of  the  invention  as  defined  by  the  appended  claims. 

30 

35 

45 

Claims 

1.  A  process  for  forming  a  compact  stranded  wire  comprising  providing  a  central  element  wire  (2);  en- 
closing  the  central  element  wire  (2)  with  a  plurality  of  peripheral  element  wires  (3);  and  pressing  the  pe- 
ripheral  element  wires  (3)  against  the  central  element  wire  (1)  to  reduce  the  size  of  the  spaces  (4,  4')  be- 
tween  the  wires  characterized  by  providing  a  central  element  wire  (2)  with  a  hardness  greater  than  that 
of  the  peripheral  element  wires. 

2.  A  compact  stranded  wire  conductor  (1)  having  a  central  element  wire  (2)  surrounded  by  peripheral 
element  wires  (3)  which  have  been  pressed  against  the  central  element  wire  (2)  to  reduce  the  size  of  the 
spaces  (4,  4')  between  the  wires  characterized  in  that  the  central  element  wire  (2)  has  a  hardness  great- 
er  than  that  of  the  peripheral  element  wires  (3). 

3.  The  wire  conductor  of  claim  2,  wherein  the  central  element  wire  (1)  comprises  stainless  steel  or  cop- 
per  alloy, 

4.  The  wire  conductor  of  claim  2  or  3,  wherein  the  central  element  wire  (1)  is  a  stranded  wire. 
5.  The  wire  conductor  of  claim  2  or  3,  wherein  the  central  element  wire  (1)  is  solid. 
6.  The  wire  conductor  of  claim  2,  3,  4  or  5,  wherein  the  peripheral  element  wires  (3)  comprise  soft  cop- 

per,  hard  copper,  copper  alloy  or  stainless  steel. 
7.  The  wire  conductor  of  claim  2,  3,  4,  5  or  6,  wherein  the  peripheral  element  wires  (3)  comprises 
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stranded  wires. 
8.  The  wire  conductor  of  claim  2,  3,  4,  5  or  6,  wherein  the  peripheral  element  wires  comprise  solid 

wires. 

5  Patentanspriiche 

1.  Verfahren  zum  Bilden  einer  kompakten  verseilten  Litze,  enthaltend: 
-  Vorsehen  eines  zentralen  Elementdrahtes  (2);  UmschlieBen  des  zentralen  Elementdrahts  (2)  mit  ei- 
ner  Vielzahl  von  peripheren  Elementdrahten  (3);  und 

10  -  Drucken  der  peripheren  Elementdrahte  (3)  gegen  den  zentralen  Elementdraht  (1),  um  die  GraBe  der 
Zwischenraume  (4,  4')  zwischen  den  Drahten  zu  reduzieren,  gekennzeichnet  durch 
-  Vorsehen  eines  zentralen  Elementdrahtes  (2)  mit  einer  Harte  groBer  als  aie  der  peripheren  Element- 
drahte. 
2.  Kompakte  verseilte  Litze  (1)  mit  einem  zentralen  Elementdraht  (2),  der  von  peripheren  Elementdrah- 

15  ten  (3)  umschlossen  ist,  die  gegen  den  zentralen  Elementdraht  (2)  gedruckt  worden  sind,  um  die  GroBe 
der  Zwischenraume  (4,  4')  zwischen  den  Drahten  zu  reduzieren,  dadurch  gekennzeichnet,  daB  der  zen- 
trale  Elementdraht  (2)  eine  Harte  groBer  als  die  der  peripheren  Elementdrahte  (3)  aufweist. 

3.  Litze  nach  Anspruch  2,  dadurch  gekennzeichnet,  daB  der  zentrale  Elementdraht  (1  )  Edelstahl  oder 
eine  Kupferlegierung  enthalt. 

20  4.  Litze  nach  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  daB  der  zentrale  Elementdraht  (1)  eine  ver- 
seilte  Litze  ist. 

5.  Litze  nach  Anspruch  2  oder  3,  dadurch  gekennzeichnet,  da  der  zentrale  Elementdraht  (1  )  massiv  ist. 
6.  Litze  nach  Anspruch  2,  3,  4  oder  5,  dadurch  gekennzeichnet,  daB  die  peripheren  Elementdrahte  (3) 

weiches  Kupfer,  hartes  Kupfer,  eine  Kupferlegierung  oder  Edelstahl  enthalten. 
25  7.  Litze  nach  Anspruch  2,  3,  4,  5  oder  6,  dadurch  gekennzeichnet,  daB  die  peripheren  Elementdrahte 

(3)  verseilte  Litzen  umfassen. 
8.  Litze  nach  Anspruch  2,  3  4,  5  oder  6,  dadurch  gekennzeichnet,  daB  die  peripheren  Elementdrahte 

massive  Drahte  umfassen. 

30  Revendications 

1  .  Un  procede  pour  former  un  cable  a  brins  multiples  compacts  consistent  a 
foumir  un  fil  d'element  central  (2),  a  entourer  le  fil  d'element  central  (2)  par  une  pluralite  de  fiis  d'ele- 
ments  peripheriques  (3);  et 

35  a  presser  les  fils  d'elements  peripheriques  (3)  contre  le  fil  d'element  central  (1)  pour  reduire  les  dimen- 
sions  des  espaces  (4,  4')  compris  entre  les  fils,  caracterise  en  ce  que  I'on  fournit  un  fil  d'element  central 
(2)  ayant  une  durete  superieure  a  celle  des  fils  d'elements  peripheriques. 

2.  Un  cable  conducteur  a  brins  multiples  compacts  (1)  ayant  un  fil  d'element  central  (2)  entoure  par  des 
fils  d'elements  peripheriques  (3)  qui  ont  6te  presses  contre  le  fil  d'element  central  (2)  pour  reduire  les  di- 

40  mensions  des  espaces  (4,  4')  entre  les  fils,  caracterise  en  ce  que  le  fil  d'element  central  (2)  a  une  durete 
superieure  a  celle  des  fils  d'elements  peripheriques  (3). 

3.  Le  cable  conducteur  selon  la  revendication  2,  selon  lequel  le  fil  d'element  central  (1)  comprend  de 
I'acier  inoxydable  ou  un  alliage  de  cuivre. 

4.  Le  cable  conducteur  selon  la  revendication  2  ou  3,  selon  lequel  le  fil  d'element  central  (1)  est  un  fil  a 
45  brins  multiples. 

5.  Le  cable  conducteur  selon  la  revendication  2  ou  3  selon  lequel  le  fil  d'element  central  (1)  est  massif. 
6.  Le  cable  conducteur  selon  la  revendication  2,  3,  4  ou  5  selon  lequel  les  fils  d'elements  peripheri- 

ques  (3)  comprennent  du  cuivre  tendre,  du  cuivre  dur,  un  alliage  du  cuivre  ou  de  I'acier  inoxydable. 
7.  Le  cable  conducteur  selon  la  revendication  2,  3,  4,  5  ou  6,  selon  lequel  les  fils  d'elements  peripheri- 

50  ques  (3)  comprennent  des  fils  a  brins  multiples. 
8.  Le  cable  conducteur  selon  la  revendication  2,  3,  4,  5  ou  6,  sleon  lequel  les  fils  d'elements  peripheri- 

ques  comprennent  des  fils  massifs. 
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