
(19) J  

(12) 

~ ™   II  1  1  I I I   II  II  1  1  II  IMI  1   1  II  I  II 
European  Patent  Office 

Office  europeen  des  brevets  (11)  E P   0  9 6 6   0 7 3   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

(43)  Date  of  publication:  (51)  |nt.  CI.6:  H01  R  43/02,  H01  R  43 /04 ,  
22.12.1999  Bulletin  1999/51  H01  R  4/06,  H01  R  4 3 / 2 0  

(21)  Application  number:  99110578.4 

(22)  Date  of  filing  :  01  .06.1  999 

(84)  Designated  Contracting  States:  (72)  Inventor: 
AT  BE  CH  CY  DE  DK  ES  Fl  FR  GB  GR  IE  IT  LI  LU  Sato,  Shigeru, 
MC  NL  PT  SE  c/o  Ultex  Corporation 
Designated  Extension  States:  Fukuoka-shi,  Fukuoka-ken,  812-0007  (JP) 
AL  LT  LV  MK  RO  SI 

(74)  Representative: 
(30)  Priority:  16.06.1998  JP  16899098  Goddar,  Heinz  J.,  Dr. 

FORRESTER  &  BOEHMERT 
(71)  Applicant:  Ultex  Corporation  Franz-Joseph-Strasse  38 

Fukuoka-shi,  Fukuoka-ken  812-0007  (JP)  80801  Munchen  (DE) 

CO 

o  
CO 
CO 
<7> 
o  
Q_ 
LU 

(54)  A  connected  body  comprising  a  terminal  and  a  belt-like  conductor  laminate  and  a  method  for 
connecting  a  terminal  to  a  belt-like  conductor  laminate 

(57)  A  connected  body  comprising  a  terminal  (1) 
and  a  belt-like  conductor  laminate  (2)  and  having 
improved  mechanical  and  electrical  reliabilities  and  a 
method  for  connecting  a  terminal  (1)  and  a  belt-like  con- 
ductor  laminate  (2). 

Mating  portions  of  the  belt-like  conductor  laminate 
(2)  mated  with  a  thin  stud  (1b)  projecting  from  the  base 
(1a)  of  the  terminal  (1)  and  the  base  are  joined  together 
with  ultrasonic  vibration,  and  a  crushed  portion  (8) 
formed  by  caulking  a  portion  projecting  from  the  belt-like 
conductor  laminate  (2)  of  the  stud  (1b)  supports  the 
belt-like  conductor  laminate  with  the  base. 

FIG.  1 
101 

MATING  TERMINAL  1  WITH  BELT- LIKE  CONDUCTOR  LAMINATE  2 BY  STUD  lb  AND  THROUGH HOLE  2a 
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JOINING  TERMINAL  1  TO  BELT- 
LIKE  CONDUCTOR  LAMINATE  2 
WITH  ULTRASONIC  VIBRATION 
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Description 

Background  of  the  Invention 

[Field  of  the  Invention]  5 

[0001  ]  The  present  invention  relates  to  a  connected 
body  comprising  a  terminal  and  a  belt-like  conductor 
laminate  and  to  a  method  for  connecting  a  terminal  to  a 
belt-like  conductor  laminate.  to 

[Description  of  the  Prior  Art] 

[0002]  Fig.  5  shows  a  connected  body  comprising  a 
terminal  1  for  an  electric  part  such  as  a  capacitor  or  bat-  is 
tery  and  a  belt-like  conductor  laminate  2  formed  by  pil- 
ing  up  a  plurality  of  thin  belt-like  conductors  as  an 
example  of  a  connected  body  comprising  a  terminal  1 
and  a  belt-like  conductor  laminate  2  of  the  prior  art. 
Before  the  terminal  1  is  connected  to  the  belt-like  con-  20 
ductor  laminate  2,  the  terminal  1  is  integrated  with  the 
cap  9  of  an  electric  part  by  insert  molding.  That  is,  the 
terminal  1  is  made  from  a  metal  material  having  small 
electric  resistance  and  has  a  thin  stud  1b  projecting 
from  the  surface  of  a  base  1  a  and  a  thin  external  elec-  25 
trade  1c  coaxial  to  the  stud  1b  and  projecting  from  the 
rear  surface  of  the  base  1a.  Insert  molding  is  for  obtain- 
ing  a  molded  piece  comprising  the  base  1a  of  the  termi- 
nal  1  integrated  with  the  molded  cap  9  by  placing  the 
above  terminal  1  in  a  cap  mold  as  an  insert  member,  30 
charging  a  synthetic  resin  as  a  material  for  molding  the 
cap  9  into  a  molding  space  formed  in  the  inside  of  the 
cap  mold  containing  the  terminal  1  to  mold  a  molded 
piece  consisting  of  the  terminal  1  and  the  cap  9  and 
releasing  the  molded  piece  from  the  cap  mold.  Before  35 
the  terminal  1  is  connected  to  the  belt-like  conductor 
laminate  2,  the  belt-like  conductor  laminate  2  has  a 
through  hole  2a  into  which  the  stud  1b  can  be  inserted 
in  a  portion  specified  as  a  connection  portion  with  the 
terminal  1  .  The  connected  body  is  formed  by  caulking  40 
the  above  terminal  1  to  the  belt-like  conductor  laminate 
2.  To  this  end,  the  stud  1b  of  the  terminal  1  is  first 
inserted  into  the  through  hole  2a  of  the  belt-like  conduc- 
tor  laminate  2  so  that  the  terminal  1  is  mated  with  the 
belt-like  conductor  laminate  2  by  the  stud  1b  and  the  45 
through  hole  2a.  Thereafter,  a  pressing  member  such 
as  a  washer  is  fitted  onto  a  portion  projecting  from  the 
belt-like  conductor  laminate  2  of  the  stud  1b.  In  this 
state,  a  portion  projecting  from  the  pressing  member  10 
of  the  stud  1b  is  crushed  to  caulk  the  terminal  1  to  the  so 
belt-like  conductor  laminate  2. 

Summary  of  the  Invention 

[0003]  In  the  connected  body  comprising  the  terminal  55 
1  and  the  belt-like  conductor  laminate  2  formed  by 
caulking  and  the  method  for  connecting  the  terminal  1  to 
the  charted  body  2  of  the  prior  art,  it  is  possible  that 

electric  conductivity  is  insufficient  though  mechanical 
strength  is  relatively  high.  This  is  because  the  mating 
portions  of  the  terminal  1  and  the  belt-like  conductor 
laminate  2  are  merely  strongly  contacted  to  each  other 
by  caulking  by  crushing  the  stud  1  b.  When  the  contact 
surfaces  of  the  terminal  1  and  the  belt-like  conductor 
laminate  2  are  observed  microscopically,  there  are  a 
large  number  of  extremely  small  spaces  between  the 
contact  surfaces. 
[0004]  It  is  therefore  an  object  of  the  present  invention 
to  provide  a  connected  body  comprising  a  terminal  and 
a  belt-like  conductor  laminate  and  having  high  mechan- 
ical  and  electric  reliabilities  and  a  method  for  connecting 
the  terminal  to  the  belt-like  conductor  laminate. 
[0005]  According  to  a  first  aspect  of  the  present  inven- 
tion,  there  is  provided  a  connected  body  in  which  mating 
portions  of  a  belt-like  conductor  laminate  mated  with  a 
thin  stud  projecting  from  the  base  of  a  terminal  and  the 
base  are  joined  together  with  ultrasonic  vibration,  and  a 
crushed  portion  formed  by  caulking  a  portion  projecting 
from  the  belt-like  conductor  laminate  of  the  stud  sup- 
ports  the  belt-like  conductor  laminate  with  the  base. 
[0006]  According  to  a  second  aspect  of  the  present 
invention,  there  is  provided  a  connected  body  in  which 
mating  portions  of  a  belt-like  conductor  laminate  mated 
with  a  thin  stud  projecting  from  the  base  of  a  terminal 
and  the  base  are  supported  by  a  crushed  portion 
formed  by  caulking  a  portion  projecting  from  the  belt-like 
conductor  laminate  of  the  stud  and  the  base,  and  part  of 
the  belt-like  conductor  laminate  outside  the  crushed 
portion  is  folded  down  and  joined  to  the  top  surface  of 
the  crushed  portion  with  ultrasonic  vibration. 
[0007]  According  to  a  third  aspect  of  the  present 
invention,  there  is  provided  a  connection  method  which 
comprises  the  steps  of  mating  a  thin  stud  projecting 
from  the  base  of  a  terminal  with  a  belt-like  conductor 
laminate,  giving  ultrasonic  vibration  to  the  outside  of  at 
least  one  of  the  base  of  the  terminal  and  the  belt-like 
conductor  laminate  to  join  the  mating  portions  of  the 
base  and  the  belt-like  conductor  laminate,  and  crushing 
a  portion  projecting  from  the  belt-like  conductor  lami- 
nate  of  the  stud  to  caulk  the  terminal  to  the  belt-like  con- 
ductor  laminate. 
[0008]  According  to  a  fourth  aspect  of  the  present 
invention,  there  is  provided  a  connection  method  which 
comprises  the  steps  of  mating  a  thin  stud  projecting 
from  the  base  of  a  terminal  with  a  belt-like  conductor 
laminate,  crushing  a  portion  projecting  from  the  belt-like 
conductor  laminate  of  the  stud  to  caulk  the  terminal  to 
the  belt-like  conductor  laminate,  folding  down  one  side 
of  the  belt-like  conductor  laminate  with  the  stud  as  a 
boundary  between  it  and  the  other  side,  placing  it  upon 
the  crushed  portion  of  the  stud,  and  giving  ultrasonic 
vibration  to  the  outside  of  at  least  one  of  the  base  of  the 
terminal  and  the  belt-like  conductor  laminate  to  join  the 
mating  portions  of  the  crushed  portion  of  the  stud  and 
the  belt-like  conductor  laminate. 
[0009]  According  to  a  fifth  aspect  of  the  present  inven- 
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tion,  there  is  provided  a  connection  method  in  which 
ultrasonic  vibration  is  given  to  the  outside  of  the  belt-like 
conductor  laminate. 
[0010]  According  to  a  seventh  aspect  of  the  present 
invention,  there  is  provided  a  connection  method  in 
which  a  through  hole  for  the  stud  is  formed  in  the  belt- 
like  conductor  laminate  so  that  the  stud  is  mated  with 
the  belt-like  conductor  laminate  by  the  through  hole. 
[0011]  According  to  a  seventh  aspect  of  the  present 
invention,  there  is  provided  a  connection  method  in 
which  after  joining  with  ultrasonic  vibration,  a  pressing 
member  is  fitted  onto  the  portion  projecting  from  the 
belt-like  conductor  laminate  of  the  stud  and  a  portion 
projecting  from  the  pressing  member  of  the  stud  is 
crushed  to  caulk  the  terminal  to  the  belt-like  conductor 
laminate. 
[0012]  The  above  and  other  objects,  features  and 
advantages  of  the  invention  will  become  more  apparent 
from  the  following  description  when  taken  in  conjunction 
with  the  accompanying  drawings. 

Brief  Description  of  the  Accompanying  Drawings 

[0013] 

Fig.  1  is  a  flow  chart  showing  Embodiment  1  of  the 
present  invention; 
Fig.  2  is  a  flow  chart  showing  Embodiment  2  of  the 
present  invention; 
Fig.  3  is  a  sectional  view  of  Embodiment  3  of  the 
present  invention; 
Fig.  4  is  a  sectional  view  of  Embodiment  4  of  the 
present  invention;  and 
Fig.  5  is  a  sectional  view  of  a  connected  body  of  the 
prior  art. 

Detailed  Description  of  the  Preferred  Embodiments 

Embodiment  1 

[0014]  With  reference  to  Fig.  1  ,  a  connected  body  and 
a  connection  method  according  to  Embodiment  1  of  the 
present  invention  will  be  described  hereinafter.  Before  a 
terminal  1  and  a  belt-like  conductor  laminate  2  are  con- 
nected  to  each  other,  the  terminal  1  is  made  from  a 
metal  material  having  small  electric  resistance  and  a 
stud  1b  projects  from  the  surface  of  a  base  1a  so  that 
the  base  1  a  exists  around  the  thin  stud  1  b.  Before  the 
terminal  1  and  the  belt-like  conductor  laminate  2  are 
connected  to  each  other,  the  belt-like  conductor  lami- 
nate  2  is  a  laminate  consisting  of  a  plurality  of  thin  belt- 
like  conductors  having  small  electric  resistance  which 
are  placed  one  upon  another  and  joined  together  and 
has  a  through  hole  2a  into  which  the  stud  1b  can  be 
inserted  in  a  portion  specified  as  a  connection  portion 
with  the  terminal  1  . 
[0015]  To  form  the  connected  body  comprising  the 
above  terminal  1  and  belt-like  conductor  laminate  2,  the 

stud  1b  is  inserted  into  the  through  hole  2a  in  step  101 
so  that  the  terminal  1  and  the  belt-like  conductor  lami- 
nate  2  are  mated  with  each  other  by  the  stud  1  b  and  the 
through  hole  2a.  In  the  next  step  102,  the  terminal  1  and 

5  the  belt-like  conductor  laminate  2  mated  with  the  termi- 
nal  1  are  joined  together  with  ultrasonic  vibration. 
Thereafter,  in  step  103,  a  portion  projecting  from  the 
belt-like  conductor  laminate  2  of  the  stud  1  b  is  crushed 
to  caulk  the  terminal  1  to  the  belt-like  conductor  lami- 

10  nate  2. 
[001  6]  A  method  for  connecting  the  terminal  1  to  the 
belt-like  conductor  laminate  2  with  ultrasonic  vibration 
will  be  described  with  reference  to  a  figure  within  a 
frame  shown  by  a  virtual  line  on  the  right  side  of  step 

15  102.  This  connection  method  uses  an  ultrasonic  vibra- 
tion  connection  device,  for  example.  The  terminal  1 
mated  with  the  belt-like  conductor  laminate  2  is  placed 
on  a  workpiece  mounting  table  4  right  below  the  con- 
nection  tool  3  of  the  ultrasonic  vibration  connection 

20  device  with  a  predetermined  interval  therebetween. 
This  state  is  such  that  the  rear  surface  on  a  side  oppo- 
site  to  the  stud  1  b  of  the  terminal  1  is  in  contact  with  the 
top  surface  of  the  workpiece  mounting  table  4  and  that 
the  stud  1  b  and  the  belt-like  conductor  laminate  2  face 

25  the  connection  tool  3.  Thereafter,  the  connection  tool  3 
having  a  relief  hole  3a  in  the  end  surface  is  moved  down 
by  the  pressure  drive  unit  of  the  ultrasonic  vibration  con- 
nection  device,  the  relief  hole  3a  of  the  connection  tool 
3  thereby  contains  the  portion  projecting  from  the  belt- 

30  like  conductor  laminate  2  of  the  stud  1  b  coaxially  with- 
out  contact,  the  annular  end  surface  around  the  relief 
hole  3a  of  the  connection  tool  3  contacts  the  belt-like 
conductor  laminate  3  around  the  stud  1d,  and  the  con- 
nection  tool  3  presses  the  base  1  a  and  the  belt-like  con- 

35  ductor  laminate  2  in  a  direction  that  they  approach  each 
other  with  a  predetermined  pressure  together  with  the 
workpiece  mounting  table  4. 
[0017]  This  pressure  force  is  set  to  a  predetermined 
value  according  to  the  materials  and  physical  properties 

40  such  as  thickness  of  the  belt-like  conductor  laminate  2 
and  the  terminal  1  to  be  joined  together  with  ultrasonic 
vibration  and  determined  by  the  amount  of  the  down- 
ward  movement  of  the  pressure  drive  unit  which  is  set  to 
achieve  the  above  predetermined  value.  For  instance, 

45  the  distance  between  the  top  surface  of  the  workpiece 
mounting  table  4  and  the  top  surface  of  the  belt-like  con- 
ductor  laminate  2  (the  surface  that  the  connection  tool  3 
contacts)  before  the  base  1a  and  the  belt-like  conductor 
laminate  2  are  pressed  by  the  connection  tool  3  and  the 

so  workpiece  mounting  table  4  is  compared  with  the  dis- 
tance  between  the  top  surface  of  the  workpiece  mount- 
ing  table  4  and  the  top  surface  of  the  belt-like  conductor 
laminate  2  (the  surface  that  the  connection  tool  3  con- 
tacts)  after  the  base  1a  and  the  belt-like  conductor  lam- 

55  inate  2  are  pressed  by  the  connection  tool  3  and  the 
workpiece  mounting  table  4,  and  the  relationship 
between  the  pressure  and  the  amount  of  downward 
movement  is  obtained  from  experiments  on  correlation 
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between  the  pressure  and  the  amount  of  downward 
movement  to  find  how  much  pressure  is  applied  to  the 
base  1  a  and  the  belt-like  conductor  laminate  2  when  the 
distance  after  the  application  of  pressure  is  reduced 
from  the  distance  before  the  application  of  pressure  by  5 
a  certain  value.  By  using  the  amount  of  downward 
movement,  the  base  1  a  and  the  belt-like  conductor  lam- 
inate  2  can  be  pressed  with  a  predetermined  pressure 
by  the  connection  tool  3  and  the  workpiece  mounting 
table  4.  A  pressure  sensor  may  be  provided  to  the  pres-  w 
sure  drive  unit  so  that  the  pressure  drive  unit  is  control- 
led  to  stop  downward  movement  and  to  maintain  the 
stop  position  when  the  pressure  sensor  detects  a  pre- 
determined  pressure,  thereby  making  it  possible  for  the 
connection  tool  3  and  the  workpiece  mounting  table  4  to  75 
press  the  base  1  a  and  the  belt-like  conductor  laminate  2 
with  a  predetermined  pressure. 
[0018]  While  the  base  1a  and  the  belt-like  conductor 
laminate  2  are  sandwiched  between  the  connection  tool 
3  and  the  workpiece  mounting  table  4  and  pressed  with  20 
a  predetermined  pressure,  ultrasonic  vibration  is  trans- 
mitted  to  the  connection  tool  3  from  a  transducer  which 
is  an  electro-acoustic  converter  or  electro-vibration  con- 
verter  composed  of  a  piezoelectric  element  or  magneto- 
strictive  element  for  converting  into  mechanical  energy  25 
electric  energy  for  generating  and  outputting  vibration  of 
a  vertical  ultrasonic  wave  having  a  predetermined  fre- 
quency  with  power  supplied  from  the  ultrasonic  genera- 
tor  of  the  ultrasonic  vibration  connection  device  through 
a  booster  or  an  ultrasonic  horn.  Then,  the  connection  30 
tool  3  resonates  with  the  transmitted  ultrasonic  vibration 
and  the  resonance  (the  direction  of  this  vibration  is  a 
horizontal  direction  shown  by  an  arrow  X)  is  given  to  the 
outside  of  the  belt-like  conductor  laminate  2  for  a  prede- 
termined  time.  Thereby,  the  resonance  of  the  connec-  35 
tion  tool  3  is  transmitted  through  the  inside  of  the  belt- 
like  conductor  laminate  2  from  the  outside  of  the  belt- 
like  conductor  laminate  2  and  joins  together  the  plurality 
of  conductors  forming  the  belt-like  conductor  laminate  2 
and  also  the  mating  portions  of  the  belt-like  conductor  40 
laminate  2  and  the  base  1a.  Thereafter,  the  pressure 
drive  unit  goes  up  and  the  connection  tool  3  moves 
away  from  the  terminal  1  and  the  belt-like  conductor 
laminate  2  joined  to  the  terminal  1  and  stops  with  a  pre- 
determined  interval  between  it  and  the  workpiece  45 
mounting  table  4.  In  this  state,  an  intermediate  product 
consisting  of  the  terminal  1  and  the  belt-like  conductor 
laminate  2  joined  to  the  terminal  1  is  removed  from  the 
workpiece  mounting  table4. 
[001  9]  With  reference  to  a  figure  within  a  frame  shown  so 
by  a  virtual  line  on  the  right  side  of  step  103,  a  method 
for  caulking  the  terminal  1  to  the  belt-like  conductor  lam- 
inate  2  by  crushing  a  portion  projecting  from  the  belt-like 
conductor  laminate  2  of  the  stud  1  b  of  the  intermediate 
product  removed  from  the  ultrasonic  vibration  connec-  ss 
tion  device  will  be  described  hereinafter.  This  caulking 
can  be  carried  out  manually  or  by  a  press  machine.  In 
an  either  case,  the  intermediate  product  is  placed  on  a 

workpiece  mounting  table  6  for  caulking.  The  intermedi- 
ate  product  is  placed  on  the  workpiece  mounting  table  6 
in  such  a  manner  that  the  rear  surface  on  a  side  oppo- 
site  to  the  stud  1b  of  the  terminal  1  is  in  contact  with  the 
top  surface  of  the  workpiece  mounting  table  6  and  that 
the  stud  1b  and  the  belt-like  conductor  laminate  2  face  a 
caulking  tool  7.  In  this  state,  the  portion  projecting  from 
the  belt-like  conductor  laminate  2  of  the  stud  1b  is 
crushed  by  the  caulking  tool  7.  This  caulking  tool  7  may 
be  a  hammer  when  caulking  is  carried  out  manually  or 
may  be  stricken  by  a  hammer.  When  the  press  machine 
is  used,  the  caulking  tool  7  is  attached  to  the  ram  of  the 
press  machine  and  crushes  the  stud  1  b  by  the  down- 
ward  movement  of  the  ram.  That  is,  while  the  intermedi- 
ate  product  is  placed  on  the  workpiece  mounting  table 
4,  the  end  surface  of  the  caulking  tool  7  strikes  the  top 
surface  of  the  portion  projecting  from  the  belt-like  con- 
ductor  laminate  2  of  the  stud  1  b  toward  the  base  1  a  with 
predetermined  forging  force,  the  portion  projecting  from 
the  belt-like  conductor  laminate  2  of  the  stud  1b  is 
thereby  crushed  by  the  caulking  tool  7,  the  stud  1b  is 
elastically  deformed  between  the  workpiece  mounting 
table  6  and  the  caulking  tool  7,  part  of  the  stud  1b 
spreads  in  the  entire  through  hole  2a  of  the  belt-like 
conductor  laminate  2  and  contacts  the  through  hole  2a 
without  a  space  therebetween,  other  part  of  the  stud  1b 
spreads  over  a  portion  around  the  through  hole  2a  of 
the  belt-like  conductor  laminate  2  and  contacts  and  cov- 
ers  the  top  surface  (surface  on  the  caulking  tool  7  side) 
of  the  belt-like  conductor  laminate  2  around  the  through 
hole  2a  without  a  space  therebetween,  and  the  terminal 
1  is  thereby  caulked  to  the  belt-like  conductor  laminate 
2.  The  portion  of  the  stud  1b  covering  the  top  surface  of 
the  belt-like  conductor  laminate  2  is  called  "crushed  por- 
tion"  hereinafter.  A  connected  body  comprising  the  ter- 
minal  1  and  the  belt-like  conductor  laminate  2  shown  in 
step  104  is  obtained  by  the  completion  of  this  caulking. 
[0020]  According  to  Embodiment  1  ,  since  the  plurality 
of  conductors  forming  the  belt-like  conductor  laminate  2 
are  joined  together  with  ultrasonic  vibration  and  the 
mating  portions  5  are  also  joined  together  with  ultra- 
sonic  vibration,  the  plurality  of  conductors  forming  the 
belt-like  conductor  laminate  2  are  fused  together  and 
the  mating  portions  5  are  also  fused  together  by  friction 
heat  generated  between  adjacent  elements  when  they 
receive  ultrasonic  vibration,  thereby  improving  the  elec- 
tric  conductivity  of  the  connected  body  comprising  the 
terminal  1  and  the  belt-like  conductor  laminate  2.  Fur- 
ther,  since  the  belt-like  conductor  laminate  2  is  sup- 
ported  by  the  base  1  a  and  the  crushed  portion  8  formed 
by  caulking,  the  mechanical  strength  of  the  connected 
body  comprising  the  terminal  1  and  the  belt-like  conduc- 
tor  laminate  2  is  improved.  After  joining  with  ultrasonic 
vibration,  the  mating  portions  5  are  supported  by  the 
base  1  a  and  the  crushed  portion  8  and  a  portion  having 
high  electric  conductivity  is  connected  in  a  state  that  it 
has  high  mechanical  strength  by  the  above  caulking 
method,  whereby  high  mechanical  and  electric  reliabili- 
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ties  can  be  suitably  exhibited  for  a  long  time.  Since  the 
belt-like  conductor  laminate  2  has  the  through  hole  2 
into  which  the  stud  1b  can  be  inserted  in  a  portion  spec- 
ified  as  the  connection  portion  with  the  terminal  1  ,  the 
connection  position  of  the  terminal  1  and  the  belt-like 
conductor  laminate  2  is  accurately  determined  by  mat- 
ing  between  the  stud  1a  and  the  through  hole  2a. 

Embodiment  2 

[0021  ]  With  reference  to  Fig.  2,  a  connected  body  and 
a  connection  method  according  to  Embodiment  2  of  the 
present  invention  will  be  described  hereinafter.  Embod- 
iment  2  differs  from  Embodiment  1  in  the  shape  of  part 
of  the  terminal  1  and  the  shape  of  part  of  each  of  the 
workpiece  mounting  tables  4  and  6  and  that  a  pressing 
member  1  0  such  as  a  washer  is  used  to  caulk  the  termi- 
nal  1  to  the  belt-like  conductor  laminate  2.  However,  the 
belt-like  conductor  laminate  2  and  the  connection  tool  3 
are  identical  to  those  of  Embodiment  1  .  Before  the  ter- 
minal  1  is  connected  to  the  belt-like  conductor  laminate 
2,  the  terminal  1  whose  thin  external  electrode  1c 
projects  coaxial  to  the  stud  1b  from  the  rear  surface  of 
the  base  1a  is  integrated  with  a  synthetic  resin  cap  9  for 
an  electric  part  such  as  a  capacitor  or  battery  by  insert 
molding.  The  workpiece  mounting  tables  4  and  6  have 
relief  holes  4a  and  5b  for  containing  the  external  elec- 
trode  1c  coaxially  without  contact  in  the  top  surfaces, 
respectively. 
[0022]  To  form  a  connected  body  comprising  the  ter- 
minal  1  and  the  belt-like  conductor  laminate  2,  the  termi- 
nal  1  and  the  belt-like  conductor  laminate  2  are  first 
mated  with  each  other  by  the  stud  1  b  and  the  through 
hole  2a  in  step  201  ,  and  the  terminal  1  and  the  belt-like 
conductor  laminate  2  are  joined  together  with  ultrasonic 
vibration  in  step  102.  For  joining,  the  external  electrode 
1c  is  contained  in  the  relief  hole  4a  of  the  workpiece 
mounting  table  4,  the  stud  1b  is  contained  in  the  relief 
hole  3a  of  the  connection  tool  3,  and  the  base  1a  and 
the  belt-like  conductor  laminate  2  are  sandwiched 
between  the  connection  tool  3  and  the  workpiece 
mounting  table  4  and  pressed  with  a  predetermined 
pressure.  In  this  state,  the  resonance  of  the  connection 
tool  3  which  resonates  with  ultrasonic  vibration  gener- 
ated  by  the  transducer  of  the  ultrasonic  vibration  con- 
nection  device  is  transmitted  through  the  inside  of  the 
belt-like  conductor  laminate  2  from  the  outside  of  the 
belt-like  conductor  laminate  2  and  joins  together  the  plu- 
rality  of  conductors  forming  the  belt-like  conductor  lami- 
nate  2  and  the  mating  portions  5.  After  the  connection 
tool  3  is  removed  from  the  terminal  1  and  the  belt-like 
conductor  laminate  2,  the  intermediate  product  consist- 
ing  of  the  terminal  1  and  the  belt-like  conductor  laminate 
2  is  removed  from  the  workpiece  mounting  table  4.  In 
the  subsequent  step  203,  the  pressing  member  10  is  fit- 
ted  onto  a  portion  projecting  from  the  belt-like  conductor 
laminate  2  of  the  stud  1b,  and  the  portion  projecting 
from  the  belt-like  conductor  laminate  2  of  the  stud  1b  is 

crushed  by  the  caulking  tool  7  to  caulk  the  terminal  1  to 
the  belt-like  conductor  laminate  2  while  the  external 
electrode  1c  is  contained  in  the  relief  hole  6a  of  the 
workpiece  mounting  table  6  and  the  rear  surface  of  the 

5  base  1  a  is  in  contact  with  the  top  surface  of  the  work- 
piece  mounting  table  6.  The  connected  body  comprising 
the  terminal  1  and  the  belt-like  conductor  laminate  2 
shown  in  step  204  is  obtained  by  the  completion  of  this 
caulking. 

10  [0023]  According  to  Embodiment  2,  since  the  pressing 
member  10  interposed  between  the  crushed  portion  8 
and  the  belt-like  conductor  laminate  2  supports  the  belt- 
like  conductor  laminate  2  with  the  base  1a,  the  mechan- 
ical  and  electric  reliabilities  of  the  connected  body  com- 

15  prising  the  terminal  1  and  the  belt-like  conductor 
laminate  2  can  be  enhanced  even  if  the  outer  diameter 
of  the  crushed  portion  8  is  small,  in  addition  to  the  func- 
tion  and  effect  of  the  above  Embodiment  1  . 

20  Embodiment  3 

[0024]  With  reference  to  Fig.  3,  a  connected  body  and 
a  connection  method  according  to  Embodiment  3  of  the 
present  invention  will  be  described  hereinafter.  In 

25  Embodiment  1  and  Embodiment  2,  the  mating  portions 
5  joined  together  with  ultrasonic  vibration  are  supported 
by  the  base  1a  and  the  crushed  portion  8  formed  by 
caulking.  In  Embodiment  3,  after  the  terminal  1  is 
caulked  to  the  belt-like  conductor  laminate  2,  part  of  the 

30  belt-like  conductor  laminate  2  is  folded  down  and  joined 
to  the  top  surface  of  the  crushed  portion  8  with  ultra- 
sonic  vibration.  That  is,  while  the  terminal  1  caulked  to 
the  belt-like  conductor  laminate  2  through  the  pressing 
member  10  is  placed  upon  the  workpiece  mounting 

35  table  4  and  part  of  the  belt-like  conductor  laminate  2  is 
placed  upon  the  crushed  portion  8,  the  connection  tool 
3  is  press  contacted  to  the  belt-like  conductor  laminate 
2  placed  upon  the  crushed  portion  8  with  a  predeter- 
mined  pressure.  The  resonance  of  the  connection  tool  3 

40  which  resonates  with  ultrasonic  vibration  generated  by 
the  transducer  of  the  ultrasonic  vibration  connection 
device  is  transmitted  through  the  inside  of  the  belt-like 
conductor  laminate  2  from  the  outside  of  the  belt-like 
conductor  laminate  2  to  the  mating  portions  1  1  of  the 

45  belt-like  conductor  laminate  2  and  the  crushed  portion 
8.  In  this  process,  the  plurality  of  conductors  forming  the 
belt-like  conductor  laminate  2  sandwiched  between  the 
connection  tool  3  and  the  crushed  portion  8  and  the 
mating  portions  1  1  are  joined  together  with  ultrasonic 

so  vibration. 
[0025]  According  to  Embodiment  3,  connection  having 
mechanical  strength  by  caulking  and  high  electric  con- 
ductivity  and  high  reliability  by  joining  with  ultrasonic 
vibration  is  effected  without  forming  the  relief  hole  3a  in 

55  the  connection  tool  3  as  in  Embodiment  1  and  Embodi- 
ment  2. 

5 
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Embodiment  4 

[0026]  With  reference  to  Fig.  4,  a  connected  body  and 
a  connection  method  according  to  Embodiment  4  of  the 
present  invention  will  be  described  hereinafter.  In 
Embodiment  4,  the  order  of  joining  and  caulking  in 
Embodiment  1  is  reversed.  The  connection  tool  3  has 
an  relief  hole  3b  which  can  contain  the  crushed  portion 
8.  After  the  completion  of  caulking  so  that  the  portion 
projecting  from  the  belt-like  conductor  laminate  2  of  the 
stud  1b  is  crushed  and  the  belt-like  conductor  laminate 
2  is  supported  by  the  crushed  portion  8  and  the  base 
1a,  the  crushed  portion  8  is  contained  in  the  relief  hole 
3b  without  contact,  and  the  annular  end  surface  around 
the  relief  hole  3a  of  the  connection  tool  3  presses  the 
belt-like  conductor  laminate  2  around  the  crushed  por- 
tion  8  with  a  predetermined  pressure.  In  this  state,  the 
resonance  of  the  connection  tool  3  is  transmitted 
through  the  inside  of  the  belt-like  conductor  laminate  2 
from  the  outside  of  the  belt-like  conductor  laminate  2 
and  joins  the  mating  portions  5. 
[0027]  In  Embodiment  1  and  Embodiment  4,  the 
pressing  member  9  may  be  used  as  in  Embodiment  2 
and  Embodiment  3.  On  the  contrary,  in  Embodiment  2 
and  Embodiment  3,  the  pressing  member  9  may  be 
omitted  as  in  Embodiment  1  and  Embodiment  4. 
[0028]  In  Embodiments  1  to  4,  the  base  1  a  of  the  ter- 
minal  1  may  be  rod-shaped  or  belt-shaped. 
[0029]  In  Embodiments  1  to  4,  the  stub  1b  may  be 
mated  with  the  belt-like  conductor  laminate  2  by  omit- 
ting  the  through  hole  2a  from  the  belt-like  conductor 
laminate  2  and  sticking  the  portion  specified  as  the  con- 
nection  portion  with  the  terminal  1  of  the  belt-like  con- 
ductor  laminate  2  into  the  stud  1b. 
[0030]  In  Embodiments  1  ,  2  and  4,  after  the  terminal 
1  and  the  belt-like  conductor  laminate  2  are  connected 
to  each  other  by  joining  with  ultrasonic  vibration  and 
caulking  by  crushing,  part  of  the  belt-like  conductor  lam- 
inate  may  be  folded  down  and  joined  to  the  top  surface 
of  the  crushed  portion  8  with  ultrasonic  vibration  as  in 
Embodiment  3.  In  this  case,  though  two  connection 
tools  3  having  an  relief  hole  3a  or  3b  and  no  relief  hole 
are  required,  the  number  of  portions  joined  with  ultra- 
sonic  vibration  is  increased  and  electric  reliability  can  be 
further  improved. 
[0031  ]  According  to  the  connected  body  of  the  first 
and  second  aspects  of  the  present  invention,  since  the 
terminal  and  the  belt-like  conductor  laminate  have  por- 
tions  joined  with  ultrasonic  vibration  and  portions  joined 
by  caulking,  high  mechanical  and  electric  reliabilities 
can  be  suitably  exhibited  for  a  long  time. 
[0032]  According  to  the  connection  method  of  the  third 
and  fourth  aspects  of  the  present  invention,  since  the 
terminal  and  the  belt-like  conductor  laminate  are  joined 
together  with  ultrasonic  vibration  and  caulked  to  each 
other,  a  connected  body  having  high  mechanical  and 
electric  reliabilities  and  comprising  the  terminal  and  the 
belt-like  conductor  laminate  can  be  easily  and  advanta- 

geously  obtained. 
[0033]  According  to  the  connection  method  of  the  fifth 
aspect  of  the  present  invention,  since  ultrasonic  vibra- 
tion  is  suitably  transmitted  from  the  belt-like  conductor 

5  laminate  which  is  thinner  than  the  terminal  to  the  portion 
to  be  joined  to  the  terminal,  the  terminal  and  the  belt-like 
conductor  laminate  can  be  joined  together  firmly. 
[0034]  According  to  the  sixth  aspect  of  the  present 
invention,  since  the  stud  and  the  through  hole  are 

10  mated  with  each  other,  the  connection  position  of  the 
terminal  and  the  belt-like  conductor  laminate  is  accu- 
rately  determined. 
[0035]  According  to  the  seventh  aspect  of  the  present 
invention,  connection  having  mechanical  strength  by 

15  caulking,  electric  conductivity  by  joining  with  ultrasonic 
vibration  and  high  reliability  is  effected  without  forming  a 
relief  hole  in  the  connection  tool. 
[0036]  The  features  disclosed  in  the  foregoing 
description,  in  the  claims  and/or  in  the  accompanying 

20  drawings  may,  both  separately  and  in  any  combination 
thereof,  be  material  for  realising  the  invention  in  diverse 
forms  thereof. 

Claims 
25 

1  .  A  connected  body  comprising  a  terminal  and  a  belt- 
like  conductor  laminate,  wherein 

mating  portions  of  the  belt-like  conductor  lami- 
30  nate  mated  with  a  thin  stud  projecting  from  the 

base  of  the  terminal  and  the  base  are  joined 
together  with  ultrasonic  vibration,  and  a 
crushed  portion  formed  by  caulking  a  portion 
projecting  from  the  belt-like  conductor  laminate 

35  of  the  stud  supports  the  belt-like  conductor 
laminate  with  the  base. 

2.  A  connected  body  comprising  a  terminal  and  a  belt- 
like  conductor  laminate,  wherein 

40 
mating  portions  of  the  belt-like  conductor  lami- 
nate  mated  with  a  thin  stud  projecting  from  the 
base  of  the  terminal  and  the  base  are  sup- 
ported  by  a  crushed  portion  formed  by  caulking 

45  a  portion  projecting  from  the  belt-like  conductor 
laminate  of  the  stud  and  the  base,  and  part  of 
the  belt-like  conductor  laminate  outside  the 
crushed  portion  is  folded  down  and  joined  to 
the  top  surface  of  the  crushed  portion  with 

so  ultrasonic  vibration. 

3.  A  method  for  connecting  a  terminal  to  a  belt-like 
conductor  laminate  comprising  the  steps  of: 

55  mating  a  thin  stud  projecting  from  the  base  of 
the  terminal  with  the  belt-like  conductor  lami- 
nate; 
giving  ultrasonic  vibration  to  the  outside  of  at 
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least  one  of  the  base  of  the  terminal  and  the 
belt-like  conductor  laminate  to  join  the  mating 
portions  of  the  base  and  the  belt-like  conductor 
laminate;  and 
crushing  a  portion  projecting  from  the  belt-like  s 
conductor  laminate  of  the  stud  to  caulk  the  ter- 
minal  to  the  belt-like  conductor  laminate. 

4.  A  method  for  connecting  a  terminal  to  a  belt-like 
conductor  laminate  comprising  the  steps  of:  10 

mating  a  thin  stud  projecting  from  the  base  of 
the  terminal  with  the  belt-like  conductor  lami- 
nate; 
crushing  a  portion  projecting  from  the  belt-like  15 
conductor  laminate  of  the  stud  to  caulk  the  ter- 
minal  to  the  belt-like  conductor  laminate; 
folding  down  one  side  of  the  belt-like  conductor 
laminate  with  the  stud  as  a  boundary  between 
it  and  the  other  side  and  placing  it  upon  the  20 
crushed  portion  of  the  stud;  and 
giving  ultrasonic  vibration  to  the  outside  of  at 
least  one  of  the  base  of  the  terminal  and  the 
belt-like  conductor  laminate  to  join  the  mating 
portions  of  the  crushed  portion  of  the  stud  and  25 
the  belt-like  conductor  laminate. 

5.  The  method  for  connecting  a  terminal  to  a  belt-like 
conductor  laminate  according  to  claim  3,  wherein 
ultrasonic  vibration  is  given  to  the  outside  of  the  30 
belt-like  conductor  laminate. 

6.  The  method  for  connecting  a  terminal  to  a  belt-like 
conductor  laminate  according  to  claim  3,  wherein  a 
through  hole  for  the  stud  is  formed  in  the  belt-like  35 
conductor  laminate  so  that  the  stud  is  mated  with 
the  belt-like  conductor  laminate  by  the  through  hole. 

7.  The  method  for  connecting  a  terminal  to  a  belt-like 
conductor  laminate  according  to  claim  3,  wherein  40 
after  joining  with  ultrasonic  vibration,  a  pressing 
member  is  fitted  onto  the  portion  projecting  from  the 
belt-like  conductor  laminate  of  the  stud  and  a  por- 
tion  projecting  from  the  pressing  member  of  the 
stud  is  crushed  to  caulk  the  terminal  to  the  belt-like  45 
conductor  laminate. 

7 
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