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(57)  An  electrolytic  capacitor  is  manufactured  by 
coiling  an  anode  foil  2  with  a  lead  terminal  1  fixed  thereto, 
a  cathode  foil  3  with  a  lead  terminal  1  fixed  thereto,  and 
a  separator  5  into  a  capacitor  assembly  7,  placing  a  seal- 
ing  cap  8  of  an  elastomeric  material  on  the  lead  terminals 
which  are  inserted  through  respective  holes  defined  in 
the  sealing  cap  8  after  an  adhesive  13  is  applied  in  the 
holes,  thereby  attaching  the  sealing  cap  8  to  the  capac- 
itor  assembly  7,  and  heating  the  adhesive  until  the  ad- 
hesive  1  3  is  fully  set,  thereby  bonding  the  lead  terminals 
1  and  the  sealing  cap  8  to  each  other.  Thereafter,  the 
capacitor  assembly  7  is  impregnated  with  an  electrolytic 
solution,  and  the  capacitor  assembly  7  with  the  sealing 
cap  8  attached  thereto  is  inserted  into  a  case  9  and  seal- 
ing  the  capacitor  assembly  7  in  the  case  9.  The  electro- 
lytic  capacitor  thus  manufactured  has  a  relatively  simple 
structure  to  effectively  present  the  electrolytic  solution 
from  leaking  out,  and  also  has  a  long  service  life  and  is 
highly  reliable. 
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Description 

The  present  invention  relates  to  a  method  of  manu- 
facturing  an  electrolytic  capacitor  which  is  arranged  to 
provide  increased  reliability  by  preventing  the  electrolytic  s 
solution  from  drying  up. 

There  have  been  known  a  variety  of  causes  of  de- 
terioration  of  electrolytic  capacitors.  Since  a  factor  of  ma- 
jor  concern  involved  in  the  deterioration  of  electrolytic  ca- 
pacitors  is  a  loss  of  electrolytic  solution,  however,  efforts  10 
should  be  made  to  improve  electrolytic  capacitors  to  min- 
imize  a  loss  of  electrolytic  solution  for  increased  reliabil- 
ity. 

One  conventional  method  of  manufacturing  an  elec- 
trolytic  capacitor  will  be  described  below  with  reference  15 
to  FIGS.  1  1  A  through  1  1  D  and  1  2A  through  1  2C  of  the 
accompanying  drawings.  FIGS.  11a  through  11  D  and 
12A  through  12C  show  in  perspective  various  parts  of 
an  electrolytic  capacitor  in  a  succession  of  steps  of  a 
method  of  manufacturing  the  electrolytic  capacitor.  20 

As  shown  in  FIG.  11  A,  a  lead  1A  in  the  form  of  an 
iron  or  copper  wire  and  an  attachment  1  B  of  aluminum 
with  its  end  pressed  to  flat  shape  are  welded  to  each  oth- 
er,  thereby  forming  a  lead  terminal  1  . 

Then,  as  shown  in  FIG.  1  1  B,  the  surface  of  an  anode  25 
foil  2  of  aluminum,  for  example,  is  etched  into  a  rough- 
ened  surface  by  a  wet  etching  process  with  an  etchant 
which  comprises  a  solution  of  hydrochloric  acid  or  a 
mixed  solution  of  sulfuric  acid,  nitric  acid,  and  acetic  acid. 
The  anode  foil  2  is  immersed  in  an  electrolytic  solution,  30 
and  anodized  to  produce  an  oxide  film  thereon. 

One  lead  terminal  1  is  fixed  to  the  anode  foil  2  as  by 
staking  or  ultrasonic  welding,  and  another  lead  terminal 
1  is  fixed  to  a  cathode  foil  3  (see  FIG.  1  1  C)  of  aluminum, 
for  example,  as  by  staking  or  ultrasonic  welding.  35 

As  shown  in  FIG.  11  C,  the  anode  foil  2,  a  separator 
4  comprising  a  sheet  of  insulating  paper,  the  cathode  foil 
3,  and  a  separator  5  comprising  a  sheet  of  insulating  pa- 
per  are  superposed  with  each  other. 

Then,  as  shown  in  FIG.  11D,  they  are  coiled  into  a  40 
cylindrical  shape,  and  fastened  together  by  a  tape  6, 
thereby  producing  a  capacitor  assembly  7. 

Thereafter,  the  capacitor  assembly  7  is  set  in  a  vac- 
uum  impregnator,  which  is  then  evacuated  to  remove  air 
from  the  capacitor  assembly  7.  An  electrolytic  solution  is  45 
then  poured  into  the  capacitor  assembly  7.  Since  the  sur- 
face  of  the  anode  foil  2  has  been  roughened,  the  intro- 
duced  electrolytic  solution  finds  its  way  into  minute  pores 
formed  in  the  roughened  surface  of  the  anode  foil  2. 

Instead  of  placing  the  capacitor  assembly  7  in  the  so 
vacuum  impregnator,  the  capacitor  assembly  7  may  sim- 
ply  be  immersed  in  an  electrolytic  solution  under  the  at- 
mospheric  pressure. 

As  shown  in  FIG.  12A,  a  sealing  cap  8  of  rubber  is 
press-fitted  over  the  leads  1  A  of  the  lead  terminals  1  ,  and  55 
then  an  aluminum  case  9  is  placed  over  the  capacitor 
assembly  7.  Then,  as  shown  in  FIG.  1  2B,  engaging  ends 
of  the  sealing  cap  8  and  the  aluminum  case  9  are  curled 

into  a  seam  10,  thus  hermetically  sealing  the  capacitor 
assembly  7. 

If  necessary,  the  aluminum  case  9  is  then  covered 
with  a  heat-shrinkable  tube  1  1  that  has  been  printed  with 
various  items  of  information  which  generally  include  the 
name  of  the  manufacturer,  a  capacitor  type  number,  rat- 
ings,  a  lot  number,  and  polarities,  as  shown  in  FIG.  12C. 

The  electrolytic  capacitor  thus  produced  is  aged  for 
about  one  hour  with  an  applied  voltage  which  is  about 
1  0  %  higher  than  the  rated  voltage  and  at  a  temperature 
which  is  an  upper-limit  temperature  of  the  temperature 
range  for  its  usage.  The  electrolytic  capacitor  is  so  aged 
as  to  make  up  defects  produced  primarily  in  the  oxide 
film  on  the  anode  foil  2  during  the  fabrication  process, 
based  on  the  self-recovery  capability  of  the  electrolytic 
capacitor. 

The  aging  conditions  differ  depending  on  the  man- 
ufacturing  conditions  of  the  electrolytic  capacitor,  and 
vary  from  manufacturer  to  manufacturer. 

Electrolytic  capacitors  manufactured  according  to 
the  above  method  are  inspected  based  on  the  product 
specifications,  and  any  electrolytic  capacitors  which  are 
found  defective  by  the  inspection  process  are  rejected. 

It  is  generally  known  that  electrolytic  capacitors  have 
a  relatively  short  service  life  and  hence  are  of  low  relia- 
bility.  Specifically,  the  service  life  of  electrolytic  capaci- 
tors  range  from  at  most  1  ,000  hours  to  2,000  hours. 

Though  the  electrolytic  capacitors  have  such  a  short 
life  span,  they  find  exceptionally  widespread  use  be- 
cause  of  their  excellent  qualities  including  the  small  size, 
the  large  capacity,  and  the  low  cost,  and  cannot  be  re- 
placed  with  othertypes  of  capacitor  in  many  applications. 

However,  there  has  been  a  growing  demand  for 
long-life  electrolytic  capacitors  in  view  of  the  present 
trends  toward  electronic  devices  of  higher  performance 
and  higher  packing  density. 

Electrolytic  capacitors  are  usually  deteriorated  by 
changes  of  properties  of  the  electrolytic  solution,  a  deg- 
radation  of  the  aluminum  oxide  film,  and  other  influential 
elements.  Since  a  loss  of  electrolytic  solution  is  one  of 
the  most  responsible  for  the  deterioration  of  electrolytic 
capacitors,  the  service  life  of  electrolytic  capacitors  can 
be  extended  by  preventing  the  electrolytic  solution  from 
drying  up  in  use. 

It  is  known  that  the  electrolytic  solution  is  lost 
through  the  sealing  cap  8  (see  FIG.  12A)  of  rubber.  Nev- 
ertheless,  the  sealing  cap  8  of  rubber  is  used  because  it 
can  easily  be  assembled  and  also  allows  a  hydrogen  gas 
to  permeate  itself  easily  for  thereby  preventing  the  alu- 
minum  case  9  from  being  broken  due  to  an  internal  pres- 
sure  buildup  which  is  caused  by  a  hydrogen  gas  gener- 
ated  by  the  cathode  foil  3  when  the  electrolytic  capacitor 
is  aged  as  described  above. 

In  a  general  life  test,  an  electrolytic  capacitor  is 
placed  under  environmental  conditions  including  a  max- 
imum  temperature  of  usage  to  measure  property  deteri- 
orations  thereof.  Under  such  static  environmental  condi- 
tions,  however,  the  electrolytic  capacitor  is  tested  prima- 
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rily  in  a  mode  in  which  the  electrolytic  solution  is  diffused 
out  through  the  sealing  cap  8  of  rubber. 

In  actual  usage,  the  electrolytic  capacitor  is  ener- 
gized  and  heat  is  generated  therein  which  varies  from 
time  to  time.  Under  such  dynamic  environmental  condi- 
tions,  the  electrolytic  solution  or  its  vapor  tends  to  leak 
out  beyond  the  hermetically  sealing  capability  between 
the  lead  terminals  1  and  the  sealing  cap  8  of  rubber  ow- 
ing  to  variations  in  the  internal  pressure  buildup. 

It  has  experimentally  confirmed  that  the  service  life 
of  an  electrolytic  capacitor  is  reduced  to  one-fifth  or 
one-sixth  the  expected  service  life  under  the  above  dy- 
namic  environmental  conditions  even  if  the  electrolytic 
capacitor  is  used  in  rated  electric  ranges. 

In  some  electrolytic  capacitors,  the  limit  pressure  of 
the  hermetically  sealing  capability  between  the  lead  ter- 
minals  1  and  the  sealing  cap  8  of  rubber  is  of  about  1  .5 
atmospheric  pressures  at  an  initial  stage  of  usage,  but 
falls  to  1  atmospheric  pressure  or  less  in  about  six 
months  due  to  the  stress  relaxation  of  rubber. 

When  the  electrolytic  capacitor  is  mounted  on  a 
printed-circuit  board,  the  lead  terminals  1  are  often  sub- 
jected  to  stresses.  The  lead  terminals  1  are  greatly 
strained  particularly  if  there  is  a  large  dimensional  differ- 
ence  between  the  distance  between  the  lead  terminals 
1  and  the  distance  between  insertion  holes  defined  in  the 
printed-circuit  board  which  receive  the  lead  terminals  1 
therein. 

In  the  presence  of  such  various  adverse  conditions, 
the  hermetically  sealing  capability  around  the  lead  ter- 
minals  1  is  impaired  to  allow  the  electrolytic  solution  to 
leak  out,  resulting  in  a  reduction  in  the  service  life  of  the 
electrolytic  capacitor. 

It  has  been  experienced  that  the  undesirable  loss  of 
electrolytic  solution  tends  to  invite  unexpected  accidents 
of  electronic  devices  which  incorporate  such  electrolytic 
capacitors. 

Recent  years  have  seen  wide  use  of  an  electrolytic 
solution  containing  a  solvent  of  y-butyrolactone  on  ac- 
count  of  its  high  performance.  The  electrolytic  solution 
has  a  high  boiling  point  of  204  [°C].  When  the  electrolytic 
solution  leaks  out  onto  a  printed-circuit  board,  since  it 
does  not  evaporate  well,  it  brings  out  an  undue  conduc- 
tion  between  interconnection  patterns  on  the  printed-cir- 
cuit  board.  Such  an  undue  conduction  is  liable  to  cause 
the  circuit  to  operate  out  of  control  and  suffer  a  burnout 
failure. 

There  have  been  proposed  various  electrolytic  ca- 
pacitors  which  are  designed  for  protection  against  elec- 
trolytic  solution  leakage.  However,  none  of  the  proposed 
electrolytic  capacitors  have  proven  effective  enough  to 
prevent  the  electrolytic  solution  from  leaking  out.  One  of 
the  proposed  electrolytic  capacitors  will  be  described  be- 
low  with  reference  to  FIG.  1  3  of  the  accompanying  draw- 
ings.  Those  reference  numerals  in  FIG.  13  which  are 
identical  to  those  shown  in  FIGS.  11  A  through  11  D  and 
12A  through  12C  denote  identical  parts,  which  will  not 
be  described  in  detail  below. 

The  electrolytic  capacitor  shown  in  FIG.  13  has  an 
epoxy  resin  film  12  disposed  on  the  outer  surface  of  the 
sealing  cap  8  of  rubber. 

The  electrolytic  capacitor  shown  in  FIG.  13  is  man- 
5  ufactured  in  the  same  manner  as  the  process  described 

above  with  reference  to  FIGS.  HAthrough  11Dand  12A 
through  12C,  except  that,  after  the  electrolytic  capacitor 
has  been  aged,  an  epoxy  resin  in  liquid  phase  is  flowed 
onto  the  entire  exposed  surface  of  the  sealing  cap  8  of 

10  rubber  and  then  hardened  into  an  epoxy  resin  film  12. 
Since  the  epoxy  resin  in  liquid  phase  is  flowed  onto 

the  entire  exposed  surface  of  the  sealing  cap  8  of  rubber 
to  form  the  epoxy  resin  film  12,  the  capacitor  assembly 
7  has  to  be  hermetically  encased  and  sealed  in  the  alu- 

15  minum  case  9  before  the  epoxy  resin  in  liquid  phase  is 
placed  on  the  sealing  cap  8.  If  the  capacitor  assembly  7 
were  not  hermetically  sealed  in  the  aluminum  case  9  at 
the  time  the  epoxy  resin  in  liquid  phase  is  placed  on  the 
sealing  cap  8,  then  the  epoxy  resin  in  liquid  phase  would 

20  find  its  way  into  the  capacitor  assembly  7. 
The  epoxy  resin  used  is  required  to  be  of  cold-setting 

nature  because  if  it  were  heated  to  a  high  setting  tem- 
perature,  the  electrolytic  solution  would  be  damaged, 
and  a  produced  vapor  of  the  electrolytic  solution  would 

25  prevent  the  epoxy  resin  from  being  set. 
However,  many  epoxy  resins  with  good  properties 

are  of  hot-setting  nature.  For  example,  a  sealing  epoxy 
resin  often  used  with  semiconductor  devices  can  be  set 
at  a  temperature  of  170  [°C]  or  higher. 

30  Cold-setting  epoxy  resins  fail  to  provide  a  good  her- 
metically  sealing  capability  and  hence  to  completely  pre- 
vent  the  electrolytic  solution  from  leaking  out.  In  addition, 
cold-setting  epoxy  resins  are  not  sufficiently  reliable  as 
to  the  resistance  to  high  temperatures  upon  reflow  sol- 

35  dering  and  also  as  to  the  intimate  contact  with  the  lead 
terminals. 

To  solve  the  above  problems  which  arise  out  of  the 
use  of  the  epoxy  resin,  it  has  been  proposed  to  coat  the 
outer  or  inner  surface  of  the  sealing  cap  8  of  rubber  with 

40  a  film  of  fluoroplastics.  The  film  of  fluoroplastics  is 
heat-treated  when  it  is  coated  on  the  sealing  cap  8. 
Therefore,  the  electrolytic  capacitor  is  free  from  the 
drawbacks  which  would  be  caused  when  the  epoxy  resin 
is  set,  and  the  electrolytic  solution  is  prevented  from  leak- 

45  ing  through  the  sealing  cap  8. 
However,  the  electrolytic  capacitor  still  suffers  other 

shortcomings.  Specifically,  when  the  lead  terminals  1  are 
inserted  through  holes  defined  in  the  sealing  cap  8,  the 
capacitor  assembly  7  is  pressed  against  the  sealing  cap 

so  8  under  considerable  forces.  Nonetheless,  the  lead  ter- 
minals  1  and  the  sealing  cap  8  are  merely  held  in  contact 
with  each  other  under  pressure  within  the  holes  in  the 
sealing  cap  8.  Such  a  pressure-dependent  contact  be- 
tween  the  lead  terminals  1  and  the  sealing  cap  8  is  not 

55  sufficiently  effective  to  prevent  the  electrolytic  solution 
from  leaking  out  along  the  lead  terminals  1. 

An  embodiment  of  the  present  invention  may  pro- 
vide  a  method  of  manufacturing  an  electrolytic  capacitor 

3 
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which  has  a  relatively  simple  structure  to  effectively  pre- 
vent  the  electrolytic  solution  from  leaking  out,  and  which 
has  a  long  service  life  and  is  highly  reliable. 

According  to  a  general  outline  of  the  present  inven- 
tion,  before  a  capacitor  assembly  is  impregnated  with  an 
electrolytic  solution,  an  adhesive  for  bonding  lead  termi- 
nals  extending  from  the  capacitor  assembly  and  a  seal- 
ing  cap  or  an  adhesive  stopper  to  each  other  is  applied 
in  or  around  holes  defined  in  the  sealing  cap  or  the  ad- 
hesive  stopper,  and  then  set  with  heat  after  the  lead  ter- 
minals  are  inserted  through  the  holes. 

More  specifically,  there  is  provided  in  accordance 
with  a  first  aspect  of  the  present  invention  a  method  of 
manufacturing  an  electrolytic  capacitor,  comprising  the 
steps  of  coiling  an  anode  foil  with  a  lead  terminal  fixed 
thereto,  a  cathode  foil  with  a  lead  terminal  fixed  thereto, 
and  a  separator  into  a  capacitor  assembly,  attaching  a 
sealing  cap  made  of  an  elastomeric  material  and  having 
holes,  to  the  capacitor  assembly  by  inserting  the  lead  ter- 
minals  through  the  respective  holes  with  adhesive  ap- 
plied  thereto,  heating  the  adhesive  until  the  adhesive  is 
set  so  as  to  bond  the  lead  terminals  and  the  sealing  cap 
to  each  other,  impregnating  the  capacitor  assembly  with 
an  electrolytic  solution,  and  inserting  the  capacitor  as- 
sembly  with  the  sealing  cap  attached  thereto  into  a  case 
and  sealing  the  capacitor  assembly  in  the  case. 

The  method  alternatively  comprises  the  step  of  at- 
taching  the  sealing  cap  to  the  capacitor  assembly  by  in- 
serting  the  lead  terminals  with  an  adhesive  applied  there- 
to  through  the  respective  holes  defined  in  the  sealing 
cap. 

According  to  a  second  aspect  of  the  present  inven- 
tion,  there  is  also  provided  a  method  of  manufacturing 
an  electrolytic  capacitor,  comprising  the  steps  of  coiling 
an  anode  foil  with  a  lead  terminal  fixed  thereto,  a  cathode 
foil  with  a  lead  terminal  fixed  thereto,  and  a  separator 
into  a  capacitor  assembly,  attaching  an  adhesive  stopper 
with  holes  to  the  capacitor  assembly  by  inserting  the  lead 
terminals  through  the  respective  holes,  inserting  the  ca- 
pacitor  assembly  with  the  adhesive  stopper  attached 
thereto  into  a  case  having  an  opening  for  introducing  an 
electrolytic  solution  and  discharging  a  gas,  applying  an 
adhesive  to  a  side  of  the  case  where  the  adhesive  stop- 
per  is  positioned  and  heating  the  adhesive  until  the  ad- 
hesive  is  set  so  as  to  bond  the  adhesive  stopper  and  the 
lead  terminals  to  each  other  and  seal  the  capacitor  as- 
sembly  in  the  case,  introducing  an  electrolytic  solution 
through  the  opening  to  impregnate  the  capacitor  assem- 
bly  with  the  electrolytic  solution,  and  closing  the  opening 
to  seal  the  case. 

According  to  a  third  aspect  of  the  present  invention, 
there  is  further  provided  a  method  of  manufacturing  an 
electrolytic  capacitor,  comprising  the  steps  of  coiling  an 
anode  foil  with  a  lead  terminal  fixed  thereto,  a  cathode 
foil  with  a  lead  terminal  fixed  thereto,  and  a  separator 
into  a  capacitor  assembly,  inserting  the  capacitor  assem- 
bly  into  a  case  having  an  opening  for  introducing  an  elec- 
trolytic  solution  and  discharging  a  gas,  attaching  an  ad- 

hesive  stopper  with  holes  to  the  capacitor  assembly  in 
the  case  by  inserting  the  lead  terminals  through  the  re- 
spective  holes,  applying  an  adhesive  to  a  side  of  the  case 
where  the  adhesive  stopper  is  positioned  and  heating  the 

5  adhesive  until  the  adhesive  is  set  so  as  to  bond  the  ad- 
hesive  stopper  and  the  lead  terminals  to  each  other  and 
seal  the  capacitor  assembly  in  the  case,  introducing  an 
electrolytic  solution  through  the  opening  to  impregnate 
the  capacitor  assembly  with  the  electrolytic  solution,  and 

10  closing  the  opening  to  seal  the  case. 
In  the  second  and  third  aspects  of  the  present  inven- 

tion,  the  adhesive  stopper  may  be  composed  of  two  half 
members  divided  along  a  line  passing  through  the  re- 
spective  holes  defined  therein. 

is  In  the  second  and  third  aspects  of  the  present  inven- 
tion,  the  method  may  further  comprise  the  step  of,  after 
the  adhesive  stopper  is  inserted  in  the  case,  a  portion  of 
the  case  is  heated  and  pressed  against  the  adhesive 
stopper  by  a  heating  iron. 

20  In  the  second  and  third  aspects  of  the  present  inven- 
tion,  the  method  may  further  comprise  the  step  of  fitting 
a  plug  into  the  opening  until  a  tip  end  of  the  plug  is  held 
against  the  capacitor  assembly  thereby  closing  the 
opening  and  sealing  the  case. 

25  In  the  second  and  third  aspects  of  the  present  inven- 
tion,  the  method  may  further  comprise  the  steps  of  clos- 
ing  the  opening  with  a  heating  iron  having  a  concave  sur- 
face  so  as  to  seal  the  case,  thereafter  cooling  the  heating 
iron,  and  then  removing  the  heating  iron  from  the  case. 

30  Since  the  lead  terminals  and  the  sealing  cap  are  held 
in  highly  intimate  contact  with  each  other,  the  electrolytic 
solution  is  prevented  from  leaking  out  between  the  lead 
terminals  and  the  sealing  cap.  The  adhesive  which  seal- 
ingly  bonds  the  lead  terminals  and  the  sealing  cap  or  the 

35  adhesive  stopper  to  each  other  is  set  with  heat  in  the 
absence  of  any  electrolytic  solution.  Consequently,  the 
adhesive,  which  may  be  made  of  an  epoxy  resin,  for  ex- 
ample,  can  be  well  set  at  a  high  temperature  for  in- 
creased  fluid-tightness.  After  the  capacitor  assembly 

40  with  the  lead  terminals  extending  therefrom  has  been 
sealed  in  a  case  in  a  fluid-tight  manner,  an  opening  de- 
fined  in  the  case  for  introducing  the  electrolytic  solution 
and  discharging  a  hydrogen  gas  therethrough  can  easily 
be  closed  off  by  a  heating  iron. 

45  The  above  and  other  objects,  features,  and  advan- 
tages  of  the  present  invention  will  become  apparent  from 
the  following  description  when  taken  in  conjunction  with 
the  accompanying  drawings  which  illustrate  preferred 
embodiments  of  the  present  invention  by  way  of  exam- 

50  pie. 

FIG.  1  is  a  cross  sectional  view  of  an  electrolytic 
capacitor  manufactured  according  to  embodiments 
of  the  present  invention; 

55 
FIGS.  2A  through  2D  are  perspective  views  showing 
successive  steps  of  a  method  of  manufacturing  an 
electrolytic  capacitor  according  to  an  embodiment  of 
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the  present  invention; 

FIGS.  3Aand  3B  are  cross  sectional  views  showing 
a  step  of  hermetically  sealing  an  opening  in  a  case 
with  a  plug  in  the  method  illustrated  in  FIGS.  2A 
through  2D; 

FIGS.  4Aand  4B  are  cross  sectional  views  showing 
an  alternative  step  of  hermetically  sealing  an  open- 
ing  in  a  case  with  a  plug  in  the  method  illustrated  in 
FIGS.  2A  through  2D; 

FIGS.  5Aand  5B  are  cross  sectional  views  showing 
a  further  alternative  step  of  hermetically  sealing  an 
opening  in  a  case  with  a  plug  in  the  method  illus- 
trated  in  FIGS.  2A  through  2D; 

FIG.  6  is  a  cross  sectional  view  of  an  electrolytic 
capacitor  having  an  adhesive  stopper  made  of  a 
rigid  material,  which  is  manufactured  by  a  method 
according  to  an  embodiment  of  the  present  inven- 
tion; 

FIG.  7  is  a  sectional  perspective  view  of  another 
electrolytic  capacitor  which  is  similar  to  the  electro- 
lytic  capacitor  shown  in  FIG.  6; 

FIGS.  8A  and  8B  are  plan  and  cross  sectional  views, 
respectively,  an  electrolytic  capacitor  having  an 
adhesive  stopper  made  of  a  right  material,  which  is 
ufactured  by  a  method  according  to  an  embodiment 
of  the  present  invention; 

FIG.  9  is  a  schematic  diagram  showing  a  process 
sequence  of  an  automatic  production  system  with 
tape  carrier; 

FIGS.  10A  and  10B  are  perspective  views  of  differ- 
ent  adhesive  stoppers  suitable  for  tape  carrier  pack- 
aging; 

FIGS.  11  A  through  1  1  D  and  12A  through  12C  are 
perspective  views  of  various  parts  of  an  electrolytic 
capacitor  in  a  succession  of  steps  of  a  method  of 
manufacturing  the  electrolytic  capacitor;  and 

FIG.  1  3  is  a  cross  sectional  view  of  a  proposed  elec- 
trolytic  capacitor  to  be  improved  according  to  the 
present  invention. 

Like  or  corresponding  parts  are  denoted  by  like  or 
corresponding  reference  characters  throughout  views. 

FIG.  1  shows  in  a  cross  sectional  view  an  electrolytic 
capacitor  manufactured  according  to  the  present  inven- 
tion.  Those  reference  numerals  in  FIG.  1  which  are  iden- 
tical  to  those  shown  in  FIG.  1  3  represent  identical  parts, 
which  will  not  be  described  in  detail  below. 

The  electrolytic  capacitor  shown  in  FIG.  1  has  an  ad- 

hesive  1  3  of  epoxy  resin,  for  example,  between  the  lead 
terminals  1  and  the  sealing  cap  8  of  rubber. 

To  manufacture  the  electrolytic  capacitor  shown  in 
FIG.  1  ,  the  capacitor  assembly  7  is  produced  in  the  same 

5  manner  as  the  process  described  above  with  reference 
to  FIGS.  11  A  through  11  D.  Thereafter,  an  adhesive  13  is 
applied  to  outer  surfaces  of  the  lead  terminals  1  that  ex- 
tend  from  the  capacitor  assembly  7,  or  to  inner  surfaces 
of  the  holes  defined  in  the  sealing  cap  8  of  rubber.  Then, 

10  the  sealing  cap  8  is  press-fitted  over  the  lead  terminals 
1,  and  they  are  heated  at  190  [°C]  for  10  minutes,  for 
example,  to  set  the  applied  adhesive. 

The  adhesive  1  3  may  be  any  of  various  materials. 
For  example,  the  adhesive  13  may  comprise  a  powder 

is  of  epoxy  resin,  or  sleeves  or  beads  compression-molded 
from  a  powder  of  epoxy  resin,  or  a  liquid  of  epoxy  resin. 
The  adhesive  1  3  may  alternatively  be  made  of  phenolic 
resin,  silicone  resin,  or  fluoroplastics. 

If  a  powder  of  epoxy  resin  is  employed,  then  the  lead 
20  terminals  1  or  the  sealing  cap  8  may  be  heated  to  an 

appropriate  temperature,  and  then  the  powder  of  epoxy 
resin  may  be  applied  to  the  lead  terminals  1  orthesealing 
cap  8,  so  that  the  applied  powder  of  epoxy  resin  is  melted 
to  a  certain  extent. 

25  |f  sleeves  or  beads  compression-molded  from  a 
powder  of  epoxy  resin  are  employed,  then  the  sleeves 
or  beads  may  be  fitted  over  the  lead  terminals  1  and  then 
inserted  into  the  holes  in  the  sealing  cap  8,  orthe  sleeves 
or  beads  may  be  fitted  in  the  holes  in  the  sealing  cap  8 

30  and  then  the  lead  terminals  1  may  be  inserted  into  the 
sleeves  or  beads  in  the  holes  in  the  sealing  cap  8. 

If  a  liquid  of  epoxy  resin  is  employed,  it  is  coated  on 
outer  surfaces  of  the  lead  terminals  1  or  inner  surfaces 
of  the  holes  in  the  sealing  cap  8.  The  liquid  of  epoxy  resin 

35  may  appear  simple  to  use,  but  is  actually  the  most  diffi- 
cult  to  handle  among  the  above  adhesive  alternatives. 

After  the  adhesive  13  has  been  applied,  the  capac- 
itor  assembly  7  with  the  sealing  cap  8  installed  is  set  in 
a  vacuum  impregnator,  which  is  then  evacuated  to  re- 

40  move  air  from  the  capacitor  assembly  7.  An  electrolytic 
solution  is  then  poured  into  the  capacitor  assembly  7. 
The  introduced  electrolytic  solution  finds  its  way  into 
minute  pores  formed  in  the  surface  of  the  anode  foil  2 
which  has  been  roughened. 

45  An  aluminum  case  9  is  placed  over  the  capacitor  as- 
sembly  7.  Then,  engaging  ends  of  the  sealing  cap  8  and 
the  aluminum  case  9  are  curled  into  a  seam  1  0,  thus  her- 
metically  sealing  the  capacitor  assembly  7. 

If  necessary,  the  aluminum  case  9  is  then  covered 
so  with  a  heat-shrinkable  tube  (see  FIG.  1  2C)  that  has  been 

printed  with  various  items  of  information  which  generally 
include  the  name  of  the  manufacturer,  a  capacitor  type 
number,  ratings,  a  lot  number,  and  polarities. 

The  electrolytic  capacitor  thus  produced  is  aged  for 
55  about  one  hour  with  an  applied  voltage  which  is  about 

1  0  %  higher  than  the  rated  voltage  and  at  a  temperature 
which  is  an  upper-limit  temperature  of  the  temperature 
range  for  its  usage.  Even  if  a  hydrogen  gas  is  emitted 
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from  the  cathode  foil  upon  aging,  no  problem  arises  be- 
cause  a  portion  of  the  sealing  cap  8  is  exposed  as  it  is 
not  covered  by  the  adhesive  1  3. 

Electrolytic  capacitors  thus  manufactured  are  in- 
spected  based  on  the  product  specifications,  and  any 
electrolytic  capacitors  which  are  found  defective  by  the 
inspection  process  are  rejected,  and  only  those  electro- 
lytic  capacitors  which  are  accepted  are  picked  out  as 
completed  products. 

FIGS.  2A  through  2D  show  in  perspective  succes- 
sive  steps  of  a  method  of  manufacturing  an  electrolytic 
capacitor  according  to  an  embodiment  of  the  present  in- 
vention. 

First,  the  capacitor  assembly  7  is  produced  in  the 
same  manner  as  the  process  described  above  with  ref- 
erence  to  FIGS.  11  A  through  11  D. 

Then,  as  shown  in  FIG.  2A,  the  lead  terminals  1  ex- 
tending  from  the  capacitor  assembly  7  are  inserted  into 
respective  holes  defined  in  an  adhesive  stopper  14 
which  is  made  of  rubber,  for  example,  and  a  case  15  with 
an  opening  15A  defined  in  its  top  end  is  placed  over  the 
capacitor  assembly  7. 

Unlike  the  sealing  cap  8,  the  adhesive  stopper  14 
does  not  serve  to  hermetically  seal  the  capacitor  assem- 
bly  7  in  the  case  15,  but  is  used  to  prevent  an  applied 
adhesive,  e.g.,  a  powder  of  epoxy  resin  or  a  liquid  of 
epoxy  resin,  from  flowing  into  the  case  15. 

The  case  15  is  made  of  polyphenylene  sulfide 
(PPS).  The  opening  15A  defined  in  the  top  end  of  the 
case  15  is  used  to  pour  an  electrolytic  solution  into  the 
capacitor  assembly  7  and  discharge  a  hydrogen  gas 
from  the  capacitor  assembly  7. 

Since  the  PPS  is  a  heat-resistant  polymer,  it  is  ef- 
fective  to  sufficiently  protect  the  electrolytic  solution  from 
high  temperatures  upon  reflow  soldering.  Therefore,  the 
case  15  of  PPS  makes  it  suitable  to  use  the  electrolytic 
capacitor  as  a  surface-mountable  electrolytic  capacitor. 

Then,  as  shown  in  FIG.  2B,  an  adhesive  16  of  epoxy 
resin,  for  example,  is  fitted  in  a  bottom  opening  of  the 
case  1  5  over  the  adhesive  stopper  1  4,  and  is  set  by  being 
heated  at  a  temperature  of  160  (°C)  for  30  minutes, 
thereby  hermetically  sealing  the  lead  terminals  1  .  In  FIG. 
2B,  the  case  1  5  is  shown  as  partly  cut  away  to  make  the 
capacitor  assembly  7,  the  adhesive  stopper  14,  and  the 
adhesive  16  partly  visible  only  for  illustrative  purpose. 

As  described  above  with  reference  to  FIG.  1,  the  ad- 
hesive  1  6  may  comprise  a  powder,  compression-molded 
sleeves  or  beads,  or  a  liquid  of  any  of  various  materials 
including  epoxy  resin,  phenolic  resin,  silicone  resin,  or 
fluoroplastics,  for  example.  Alternatively,  the  adhesive 
1  6  may  comprise  pellets  having  holes  for  insertion  of  the 
lead  terminals  1  therethrough.  If  the  adhesive  16  com- 
prises  pellets,  then  the  adhesive  pellets  and  the  adhe- 
sive  stopper  14  may  be  integrally  combined  as  a  lami- 
nated  assembly  for  easy  handling. 

Thereafter,  the  entire  assembly  is  set  in  a  vacuum 
impregnator,  which  is  then  evacuated  to  remove  air  with- 
in  the  case  15  through  the  opening  15A. 

An  electrolytic  solution  is  then  poured  into  the  case 
15  through  the  opening  15A.  The  introduced  electrolytic 
solution  finds  its  way  into  minute  pores  formed  in  the  sur- 
face  of  the  anode  foil  2  which  has  been  roughened. 

5  The  electrolytic  capacitor  thus  produced  is  aged  for 
about  one  hour  with  an  applied  voltage  which  is  about 
1  0  %  higher  than  the  rated  voltage  and  at  a  temperature 
which  is  an  upper-limit  temperature  of  the  temperature 
range  for  its  usage.  Even  if  a  hydrogen  gas  is  emitted 

10  from  the  cathode  foil  upon  aging,  it  can  readily  be  dis- 
charged  through  the  hole  15A  in  the  case  15. 

Then,  as  shown  in  FIG.  2C,  the  opening  15A  is  her- 
metically  sealed  by  a  plug  17  which  is  made  of  an  elas- 
tomeric  material  such  as  rubber  or  plastics.  The  plug  1  7 

is  has  a  conical  pointed  end  that  is  held  against  the  top  end 
of  the  capacitor  assembly  7  to  hold  the  capacitor  assem- 
bly  7  firmly  in  position  in  the  case  15.  Therefore,  even 
when  the  capacitor  assembly  7  is  vibrated  subsequently, 
since  it  is  held  firmly  in  position  by  the  plug  1  7,  no  undue 

20  stresses  are  applied  from  the  capacitor  assembly  7  to 
the  lead  terminals  1  .  Any  undue  stresses  exerted  to  the 
lead  terminals  1  are  responsible  for  performance  degra- 
dations  such  as  an  increased  leakage  current  and  an  in- 
creased  energy  loss. 

25  Thereafter,  as  shown  in  FIG.  2D,  the  lead  terminals 
1  are  formed  to  desired  shape.  Electrolytic  capacitors 
thus  manufactured  are  inspected  based  on  the  product 
specifications,  and  any  electrolytic  capacitors  which  are 
found  defective  by  the  inspection  process  are  rejected, 

30  and  only  those  electrolytic  capacitors  which  are  accept- 
ed  are  picked  out  as  completed  products. 

FIGS.  3A  and  3B  show  in  cross  sectional  views  the 
step  of  hermetically  sealing  the  opening  15A  in  the  case 
15  with  the  plug  17. 

35  As  shown  in  FIGS.  3A  and  3B,  when  the  plug  17 
which  is  made  of  an  elastomeric  material  and  has  a  con- 
ical  pointed  end  is  pressed  into  the  opening  1  5A,  the  con- 
ical  pointed  end  of  the  plug  17  enters  a  central  space  in 
the  coiled  layers  of  the  capacitor  assembly  7  for  thereby 

40  holding  the  upper  end  of  the  capacitor  assembly  7  firmly 
in  the  case  15.  Therefore,  the  capacitor  assembly  7  is 
rendered  highly  resistant  to  vibration. 

FIGS.  4A  and  4B  show  in  cross  sectional  view  an 
alternative  step  of  hermetically  sealing  the  opening  1  5A 

45  in  the  case  15  with  the  plug  17. 
As  shown  in  FIGS.  4A  and  4B,  a  plug  17  of  PPS  is 

placed  in  the  hole  1  5A  in  the  case  1  5,  and  the  plug  1  7  is 
fused  to  the  surface  of  the  hole  1  5A  by  an  ultrasonic  en- 
ergy  radiated  from  an  ultrasonic  horn  18,  thereby  her- 

50  metically  sealing  the  hole  1  5A. 
FIGS.  5A  and  5B  show  in  cross  sectional  views  a 

further  alternative  step  of  hermetically  sealing  the  open- 
ing  15A  in  the  case  15  with  the  plug  17. 

As  shown  in  FIGS.  5A  and  5B,  a  collar  1  5B  is  raised 
55  outwardly  around  the  opening  15A  in  the  case  15.  A  con- 

cave  surface  of  a  heating  iron  which  is  heated  to  a  high 
temperature  is  pressed  against  the  collar  1  5B  to  melt  and 
collapse  the  collar  15B  until  the  opening  15A  is  closed 

6 
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and  sealed. 
The  height  of  the  collar  15B  and  hence  the  amount 

of  the  PPS  to  be  melted  and  collapsed,  the  temperature 
to  which  the  collar  1  5B  is  heated,  and  the  time  for  which 
the  collar  1  5B  is  heated  are  selected  to  cause  the  melted 
material  to  project  from  the  opening  1  5A  downwardly  into 
the  case  15  as  shown  in  FIG.  5(B).  The  projecting  end 
of  the  material  may  be  held  against  the  upper  end  of  the 
capacitor  assembly  7  to  hold  the  capacitor  assembly  7 
firmly  in  position  in  the  case  15  for  increased  vibration 
resistance. 

In  order  to  keep  the  melted  material  in  a  convex 
shape  on  the  upper  surface  of  the  case  15  as  shown  in 
FIG.  5(B),  the  heating  iron  may  be  cooled  after  the  PPS 
is  melted,  and  then  removed  away  from  the  case  1  5  after 
the  PPS  is  hardened. 

The  adhesive  stopper  1  4  shown  in  FIGS.  2Athrough 
2D  and  3A  and  3B  is  not  required  to  seal  the  capacitor 
assembly  7  in  the  case  1  5  in  a  fluid-tight  fashion,  unlike 
the  sealing  cap  8  shown  in  FIG.  1  ,  but  may  only  be  ef- 
fective  to  prevent  the  adhesive  16  from  flowing  into  the 
case  1  5.  Furthermore,  the  adhesive  stopper  1  4  is  not  re- 
quiredtobe  permeable  to  a  hydrogen  gas.  Forthese  rea- 
sons,  the  adhesive  stopper  14  may  be  made  of  any  of 
various  materials  other  than  rubber,  e.g.,  materials  which 
are  highly  resistant  to  erosion  by  the  electrolytic  solution 
and  highly  resistant  to  heat,  such  as  PPS  or  fluoroplas- 
tics,  provided  the  adhesive  stopper  14  can  be  machined 
with  precision  not  to  allow  the  adhesive  16  to  pass  be- 
tween  the  lead  terminals  1  and  the  adhesive  stopper  1  4 
and  also  between  the  adhesive  stopper  1  4  and  the  case 
15. 

Specifically,  the  adhesive  stopper  14  is  required  to 
be  machined  with  such  a  degree  of  precision  that  the  dis- 
tance  between  the  lead  terminals  1  and  the  adhesive 
stopper  14  and  also  between  the  adhesive  stopper  14 
and  the  case  15  is  of  20  [urn]  or  less.  Such  a  degree  of 
precision  can  be  achieved  by  presently  available  preci- 
sion-machining  techniques. 

Therefore,  the  adhesive  stopper  1  4  may  be  made  of 
a  rigid  material  such  as  PPS  or  fluoroplastics.  If  the  ad- 
hesive  stopper  14  is  made  of  such  a  rigid  material,  then 
when  the  adhesive  16  is  applied,  the  adhesive  stopper 
14,  the  case  15,  and  the  adhesive  16  are  joined  in  an 
integral  structure  which  can  sufficiently  withstand  severe 
conditions  in  which  the  electrolytic  capacitor  is  used,  i.e., 
an  internal  pressure  of  3  [kg/cm2]  at  a  temperature  of 
105  [°C].  The  adhesive  stopper  14  of  a  rigid  material  per- 
mits  the  lead  terminals  1  to  be  positioned  and  oriented 
accurately,  so  that  dimensional  variations  of  the  lead  ter- 
minals  1  of  produced  electrolytic  capacitors  are  mini- 
mized. 

FIG.  6shows  in  a  cross  sectional  view  an  electrolytic 
capacitor  having  an  adhesive  stopper  made  of  a  rigid 
material,  which  is  manufactured  by  the  method  accord- 
ing  to  the  present  invention. 

The  electrolytic  capacitor  shown  in  FIG.  6  differs 
from  the  electrolytic  capacitors  shown  in  FIG.  1  through 

5A,  5B  in  that  an  adhesive  stopper  20  is  made  of  a  rigid 
material  such  as  PPS,  for  example.  Because  the  adhe- 
sive  stopper  is  made  of  a  rigid  material,  it  can  be  of  a 
threaded  structure  that  can  mechanically  be  coupled  to 

5  the  case  15.  However,  the  adhesive  stopper  may  be  of 
a  disk-shaped  structure,  rather  than  a  threaded  struc- 
ture.  For  example,  the  adhesive  stopper  14  shown  in 
FIGS.  2B  and  3A,  3B  may  be  made  of  a  rigid  material 
such  as  PPS  or  fluoroplastics,  as  described  above  so  as 

10  to  bring  various  merits. 
As  illustrated  in  FIG.  6,  the  adhesive  stopper  20  has 

an  externally  threaded  outer  circumferential  surface 
20A,  and  the  case  15  has  an  internally  threaded  inner 
circumferential  surface  1  5C  in  the  vicinity  of  the  opening 

is  thereof  for  insertion  of  the  capacitor  assembly  7  there- 
through. 

The  lead  terminals  1  are  inserted  through  respective 
holes  defined  in  the  adhesive  stopper  20  thereby  con- 
necting  the  capacitor  assembly  7  to  the  adhesive  stopper 

20  20,  and  then  the  externally  threaded  outer  circumferen- 
tial  surface  20A  of  the  adhesive  stopper  20  is  threaded 
into  the  internally  threaded  inner  circumferential  surface 
15C  of  the  case  15  thus  integrally  joining  the  adhesive 
stopper  20  to  the  case  15.  Thereafter,  the  adhesive  16 

25  is  applied  to  seal  the  capacitor  assembly  7  in  the  case 
1  5  in  a  fluid-tight  manner.  Since  the  adhesive  stopper  20 
and  the  case  15  are  mechanically  integrally  joined  to 
each  other,  the  mechanical  strength  of  the  electrolytic  ca- 
pacitor  is  increased. 

30  The  externally  threaded  outer  circumferential  sur- 
face  20A  and  the  internally  threaded  inner  circumferen- 
tial  surface  1  5C  preferably  have  threads  of  larger  pitches 
than  ordinary  threads  because  the  adhesive  stopper  20 
and  the  case  1  5  can  easily  be  molded  of  PPS  and  easily 

35  assembled  together. 
FIG.  7  shows  in  a  sectional  perspective  view  another 

electrolytic  capacitor  which  is  similar  to  the  electrolytic 
capacitor  shown  in  FIG.  6. 

As  shown  in  FIG.  7,  the  electrolytic  capacitor  in- 
40  eludes  an  adhesive  stopper  20  having  an  externally 

threaded  outer  circumferential  surface  20A  with  threads 
of  relatively  large  pitches,  and  the  case  15  has  an  inter- 
nally  threaded  inner  circumferential  surface  15C  with 
threads  of  relatively  large  pitches  in  the  vicinity  of  the 

45  opening  thereof  for  insertion  of  the  capacitor  assembly 
7  therethrough. 

The  adhesive  stopper  20  also  has  a  pair  of  holes 
20B  for  insertion  of  the  lead  terminals  1  therethrough, 
and  a  straight  ridge  20C  disposed  on  a  surface  thereof 

so  and  extending  between  the  holes  20B.  The  ridge  20C 
can  be  gripped  and  turned  by  a  jig  when  the  adhesive 
stopper  20  is  threaded  into  the  case  15  by  meshing  en- 
gagement  between  the  threads  on  the  externally  thread- 
ed  outer  circumferential  surface  20A  and  the  threads  on 

55  the  internally  threaded  inner  circumferential  surface 
15C.  The  ridge  20C  may  be  replaced  with  a  straight  or 
criss-cross  slot  defined  in  the  surface  of  the  adhesive 
stopper  20  for  receiving  the  tip  end  of  a  screwdriver  bit. 

7 
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FIGS.  8A  is  a  plan  view  and  FIG.  8B  is  a  cross  sec- 
tional  view  along  the  dotted  line  X  of  an  electrolytic  ca- 
pacitor  having  an  adhesive  stopper  made  of  a  rigid  ma- 
terial,  which  is  manufactured  by  the  method  according 
to  the  present  invention.  s 

As  shown  in  FIGS.  8A  and  8B,  the  electrolytic  ca- 
pacitor  includes  a  case  1  5  having  an  inner  shoulder  1  5D 
which  engages  and  places  an  adhesive  stopper  20  ther- 
eon  and  a  plurality  of  regions  15E  positioned  around  the 
adhesive  stopper  20  which  are  melted  and  collapsed  10 
over  the  adhesive  stopper  20  by  a  heating  iron  21  . 

The  adhesive  stopper  20  is  press-fitted  over  the  lead 
terminals  1  of  the  capacitor  assembly  7,  and  they  are 
placed  in  the  case  1  5  such  that  the  adhesive  stopper  20 
has  its  outer  circumferential  edge  engaged  by  and  15 
placed  on  the  inner  shoulder  1  5D.  Then,  the  regions  1  5E 
positioned  around  the  adhesive  stopper  20  are  heated 
and  pressed  by  the  heating  iron  21  .  The  regions  1  5E  are 
now  melted  and  collapsed  over  the  outer  circumferential 
edge  of  the  adhesive  stopper  20,  thereby  securely  an-  20 
choring  the  adhesive  stopper  20  to  the  case  15. 

Subsequently,  the  adhesive  16  is  applied  and  hard- 
ened  to  seal  the  capacitor  assembly  7  in  the  case  15  in 
a  fluid-tight  manner.  After  the  case  15  is  evacuated 
through  the  hole  15A,  an  electrolytic  solution  is  poured  25 
into  the  case  15,  and  then  the  electrolytic  capacitor  is 
aged.  Thereafter,  the  opening  1  5A  is  closed  by  a  heating 
iron  in  the  same  manner  as  described  above  with  refer- 
ence  to  FIGS.  5A  and5B. 

When  the  regions  15E  are  heated  and  pressed  by  30 
the  heating  iron  21  ,  the  adhesive  stopper  20  should  pref- 
erably  be  also  heated  and  pressed  by  the  heating  iron 
21  to  the  extent  the  adhesive  stopper  20  is  slightly  melt- 
ed,  so  that  the  adhesive  stopper  20  and  the  case  1  5  can 
be  well  joined  to  each  other  with  increased  bonding  35 
strength.  Either  one  of  the  threaded  structures  shown  in 
FIGS.  6  and  7  may  also  be  incorporated  into  the  structure 
shown  in  FIGS.  8Aand  8Bfor  increased  light-tightness. 

In  the  embodiment  shown  in  FIGS.  8A  and  8B,  at 
least  the  case  15  needs  to  be  made  of  a  thermoplastic  40 
resin,  and  the  adhesive  stopper  20  may  also  be  made  of 
a  thermoplastic  resin  for  better  results.  Alternatively,  the 
case  15  and  the  adhesive  stopper  20  may  be  made  of 
the  same  thermoplastic  resin  such  as  PPS,  for  example. 

Generally,  bonding  between  materials  which  include  45 
PPS  cannot  easily  be  achieved.  While  an  adhesive  of 
epoxy  resin  among  others  is  the  most  reliable  for  such 
bonding,  the  bonding  capability  of  the  adhesive  with  re- 
spect  to  a  molded  surface  of  PPS  is  not  complete.  There- 
fore,  it  is  customary  to  process  such  a  molded  surface  so 
of  PPS  with  sand  blasting  or  an  ultraviolet  radiation.  In 
the  embodiment  shown  in  FIGS.  8A  and  8B,  since  the 
regions  1  5E  which  are  melted  by  the  heating  iron  21  have 
roughened  surfaces,  the  bonding  between  the  regions 
1  5E  and  the  adhesive  stopper  20  is  strong.  55 

Electrolytic  capacitors  are  generally  mass-produced 
frequently  by  an  automatic  production  system  with  tape 
carrier. 

FIG.  9  schematically  shows  a  process  sequence  of 
such  an  automatic  production  system  with  tape  carrier. 

As  shown  in  FIG.  9,  a  continuous  tape  22  extends 
through  various  processing  stations  which  successively 
produce  completed  electrolytic  capacitors  23. 

Capacitor  assemblies  7  with  lead  terminals  1  are 
fabricated  in  the  manner  described  above,  and  the  lead 
terminals  1  of  successive  capacitor  assemblies  7  are 
temporarily  attached  to  the  tape  22.  Then,  the  tape  22  is 
transported  through  the  processing  stations  25  through 
30  in  which  the  capacitor  assemblies  7  are  combined 
with  cases  15  and  processed  in  various  steps  until  elec- 
trolytic  capacitors  23  are  completed  and  inspected.  The 
capacitor  assemblies  7  with  lead  terminals  1  are  made 
at  the  station  25.  Thecapacitorassemblies7are  inserted 
in  the  case  15  at  the  station  26.  The  adhesive  is  heated 
and  set  at  the  station  27.  Then,  the  capacitor  assemblies 
are  impregnated  with  the  electrolytic  solution  at  the  sta- 
tion  28  and  sealed  at  the  station  29.  Finally,  the  electro- 
lytic  capacitors  are  subject  to  the  inspection  at  the  station 
30. 

After  the  lead  terminals  1  have  been  temporarily  at- 
tached  to  the  tape  22,  adhesive  stoppers  20  as  shown 
in  FIGS.  6through8A,  8B  cannot  be  press-fitted  over  the 
lead  terminals  1  .  Therefore,  it  is  necessary  to  install  the 
adhesive  stoppers  20  on  the  lead  terminals  1  before  the 
lead  terminals  1  are  temporarily  attached  to  the  tape  22. 

Though  such  an  installing  step  can  be  carried  out,  it 
requires  the  automatic  fabrication  system  to  be  modified 
or  poses  process  supervision  problems  because  part  of 
a  case  assembling  process  has  to  be  incorporated  into 
an  aluminum  foil  winding  process. 

FIGS.  1  0A  and  1  0B  show  in  perspective  different  ad- 
hesive  stoppers  suitable  for  tape  carrier  assembling. 

Adhesive  stoppers  24,  each  composed  of  two  half 
members,  as  shown  in  FIGS.  1  0A  and  1  0B  are  effective 
for  use  in  tape  carrier  packaging  in  the  automatic  fabri- 
cation  system  shown  in  FIG.  9. 

The  adhesive  stopper  24  shown  in  FIG.  1  0A  is  com- 
posed  of  two  half  members  241  ,  242  divided  along  a  di- 
ametrical  line  passing  through  a  pair  of  holes  24A  for  in- 
sertion  of  the  respective  lead  terminals  1  therethrough. 
Since  the  adhesive  stopper  24  is  made  up  of  the  two  half 
members  241  ,  242,  they  can  easily  be  coupled  to  the  lead 
terminals  1  in  the  case  assembling  process  after  the  lead 
terminals  1  have  been  temporarily  attached  to  the  tap  22. 

Inasmuch  as  the  adhesive  stopper  24  is  made  up  of 
the  two  simple  half  members  241  ,  242,  it  is  difficult  to  con- 
nect  them  to  the  lead  terminals  1  in  the  case  assembling 
process  while  the  capacitor  assembly  7  remains  ex- 
posed.  It  is  therefore  necessary  to  attach  the  adhesive 
stopper  24  to  the  lead  terminals  1  and  clamp  the  circum- 
ferential  edge  of  the  adhesive  stopper  24  with  the  case 
1  5  after  the  capacitor  assembly  7  has  been  placed  in  the 
case  15. 

The  adhesive  stopper  24  shown  in  FIG.  1  0B  is  also 
composed  of  two  half  members  241  ,  242  divided  along 
a  diametrical  line  passing  through  a  pair  of  holes  24Afor 
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insertion  of  the  respective  lead  terminals  1  therethrough. 
In  addition,  the  half  member  241  has  a  ridge  24B  extend- 
ing  along  the  diametrical  edge  thereof  and  projecting  to- 
ward  the  other  half  member  242,  and  a  positioning  key 
24C  positioned  centrally  on  the  diametrical  edge  thereof 
and  projecting  toward  the  other  half  member  242.  The 
half  member  242  has  a  groove  24D  defined  in  and  ex- 
tending  along  the  diametrical  edge  thereof  for  receiving 
the  ridge  24B  of  the  half  member  241  ,  and  a  positioning 
notch  24E  defined  centrally  in  the  diametrical  edge  there- 
of  for  receiving  the  positioning  key  24C  of  the  half  mem- 
bers  241  .  When  the  half  members  241  ,  242  are  combined 
with  each  other,  the  ridge  24B  is  fitted  in  the  groove  24D 
and  the  positioning  key  24C  is  fitted  in  the  positioning 
notch  24E,  so  that  the  half  members  241  ,  242  are  firmly 
joined  to  each  other. 

In  the  automatic  fabrication  system,  the  adhesive 
stopper  24  shown  in  FIG.  10B  is  pushed  into  a  certain 
position  in  the  case  15  where  the  diameter  of  the  case 
1  5  is  smaller  than  the  diameter  of  the  remainder  thereof 
by  a  dimension  in  the  range  of  from  about  20  [urn]  to  30 
[urn].  Therefore,  when  the  adhesive  stopper  24  is 
pushed  into  the  case  15,  the  adhesive  stopper  24  is 
pressed  radially  inwardly  by  the  reduced-diameter  por- 
tion  of  the  case  15,  thereby  pressing  the  lead  terminals 
1  inserted  through  the  holes  24A. 

In  the  above  embodiments,  the  lead  terminals  1  ex- 
tend  from  one  end  of  the  capacitor  assembly  7.  However, 
the  lead  terminals  1  may  extend  in  opposite  directions 
from  the  respective  opposite  ends  of  the  capacitor  as- 
sembly  7.  If  such  a  modification  is  combined  with  the 
case  1  5  shown  in  FIGS.  2A  through  2D,  then  the  opening 
15A  in  the  case  15  may  be  displaced  out  of  interference 
with  the  lead  terminals  1  . 

According  to  the  present  invention,  as  described 
above,  an  anode  foil  with  a  lead  terminal  fixed  thereto,  a 
cathode  foil  with  a  lead  terminal  fixed  thereto,  and  sep- 
arators  are  coiled  into  a  capacitor  assembly,  and  the  lead 
terminals  are  inserted  through  holes  defined  in  a  sealing 
cap  of  rubber  or  an  adhesive  stopper.  After  an  adhesive 
which  hermetically  seals  the  lead  terminals  and  the  seal- 
ing  cap  or  the  adhesive  stopper  with  respect  to  each  oth- 
er  is  heated  until  it  is  fully  set,  the  capacitor  assembly  is 
impregnated  with  an  electrolytic  solution. 

Since  the  lead  terminals  and  the  sealing  cap  are  held 
in  highly  intimate  contact  with  each  other,  the  electrolytic 
solution  is  prevented  from  leaking  out  between  the  lead 
terminals  and  the  sealing  cap.  The  adhesive  which  seal- 
ingly  bonds  the  lead  terminals  and  the  sealing  cap  or  the 
adhesive  stopper  to  each  other  is  set  with  heat  in  the 
absence  of  any  electrolytic  solution.  Consequently,  the 
adhesive,  which  may  be  made  of  an  epoxy  resin,  for  ex- 
ample,  can  be  well  set  at  a  high  temperature  for  in- 
creased  fluid-tightness.  After  the  capacitor  assembly 
with  the  lead  terminals  extending  therefrom  has  been 
sealed  in  a  case  in  a  fluid-tight  manner,  an  opening  de- 
fined  in  the  case  for  introducing  the  electrolytic  solution 
and  discharging  a  hydrogen  gas  therethrough  can  easily 
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be  closed  off  by  a  heating  iron. 
Although  certain  preferred  embodiments  of  the 

present  invention  have  been  shown  and  described  in  de- 
tail,  it  should  be  understood  that  various  changes  and 

5  modifications  may  be  made  therein  without  departing 
from  the  scope  of  the  appended  claims. 

Claims 
10 

1  .  A  method  of  manufacturing  an  electrolytic  capacitor, 
comprising  the  steps  of: 

coiling  together  an  anode  foil  with  a  lead  ter- 
minal  fixed  thereto,  a  cathode  foil  with  a  lead  termi- 

15  nal  fixed  thereto  and  a  separator,  into  a  capacitor 
assembly; 

attaching  a  sealing  cap  made  of  an  elasto- 
meric  material  and  having  holes  with  adhesive 
applied  therein,  to  the  capacitor  assembly  by  insert- 

20  ing  the  lead  terminals  through  the  respective  holes; 
heating  said  adhesive  until  the  adhesive  is  set 

so  as  to  bond  said  lead  terminals  and  said  sealing 
cap  to  each  other; 

impregnating  said  capacitor  assembly  with  an 
25  electrolytic  solution;  and 

inserting  said  capacitor  assembly  with  said 
sealing  cap  attached  thereto  into  a  case  and  sealing 
the  capacitor  assembly  in  said  case. 

30  2.  A  method  of  manufacturing  an  electrolytic  capacitor, 
comprising  the  steps  of: 

coiling  together  an  anode  foil  with  a  lead  ter- 
minal  fixed  thereto,  a  cathode  foil  with  a  lead  termi- 
nal  fixed  thereto  and  a  separator,  into  a  capacitor 

35  assembly; 
attaching  a  sealing  cap  made  of  an  elasto- 

meric  material  and  having  holes,  to  the  capacitor 
assembly  by  inserting  the  lead  terminals  with  an 
adhesive  applied  thereto  through  the  respective 

40  holes; 
heating  said  adhesive  until  the  adhesive  is  set 

so  as  to  bond  said  lead  terminals  and  said  sealing 
cap  to  each  other; 

impregnating  said  capacitor  assembly  with  an 
45  electrolytic  solution;  and 

inserting  said  capacitor  assembly  with  said 
sealing  cap  attached  thereto  into  a  case  and  sealing 
the  capacitor  assembly  in  said  case. 

so  3.  A  method  of  manufacturing  an  electrolytic  capacitor, 
comprising  the  steps  of: 

coiling  together  an  anode  foil  with  a  lead  ter- 
minal  fixed  thereto,  a  cathode  foil  with  a  lead  termi- 
nal  fixed  thereto  and  a  separator,  into  a  capacitor 

55  assembly; 
attaching  an  adhesive  stopper  with  holes  by 

inserting  the  lead  terminals  through  said  respective 
holes  ; 
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inserting  said  capacitor  assembly  with  the 
adhesive  stopper  attached  thereto  into  a  case  hav- 
ing  an  opening  for  introducing  an  electrolytic  solution 
and  discharging  a  gas; 

applying  an  adhesive  to  a  side  of  said  case 
where  said  adhesive  stopper  is  positioned  and  heat- 
ing  said  adhesive  until  the  adhesive  is  set  so  as  to 
bond  said  adhesive  stopper  and  said  lead  terminals 
to  each  other  and  seal  said  capacitor  assembly  in 
said  case; 

introducing  an  electrolytic  solution  through 
said  opening  to  impregnate  said  capacitor  assembly 
with  the  electrolytic  solution;  and 

closing  said  opening  to  seal  said  case. 

4.  A  method  of  manufacturing  an  electrolytic  capacitor, 
comprising  the  steps  of: 

coiling  together  an  anode  foil  with  a  lead  ter- 
minal  fixed  thereto,  a  cathode  foil  with  a  lead  termi- 
nal  fixed  thereto  and  a  separator,  into  a  capacitor 
assembly; 

inserting  said  capacitor  assembly  into  a  case 
having  an  opening  for  introducing  an  electrolytic 
solution  and  discharging  a  gas; 

attaching  an  adhesive  stopper  with  holes  to 
said  capacitor  assembly  in  said  case  by  inserting  the 
lead  terminals  through  said  respective  holes; 

applying  an  adhesive  to  a  side  of  said  case 
where  said  adhesive  stopper  is  positioned  and  heat- 
ing  said  adhesive  until  the  adhesive  is  set  so  as  to 
bond  said  adhesive  stopper  and  said  lead  terminals 
to  each  other  and  seal  said  capacitor  assembly  in 
said  case; 

introducing  an  electrolytic  solution  through 
said  opening  to  impregnate  said  capacitor  assembly 
with  the  electrolytic  solution;  and 

closing  said  opening  to  seal  said  case. 

5.  A  method  according  to  claim  3  or  4,  wherein  said 
adhesive  stopper  is  composed  of  two  half  members 
divided  along  a  line  passing  through  the  respective 
holes  defined  therein. 

6.  A  method  according  to  any  preceding  claim,  wherein 
a  plurality  of  said  capacitor  assemblies  with  lead  ter- 
minals  are  attached  at  said  lead  terminals  to  a  car- 
rying  tape  so  that  the  respective  steps  are  performed 
while  said  carrying  tape  carries  said  plural  capacitor 
assemblies. 

7.  A  method  according  to  claim  3  or  4,  further  compris- 
ing  the  step  of: 

after  said  adhesive  stopper  is  inserted  in  said 
case,  a  portion  of  said  case  is  heated  and  pressed 
against  said  adhesive  stopper  by  a  heating  iron. 

8.  A  method  according  to  claim  3,4  or  5,  further  com- 
prising  the  step  of: 

fitting  a  plug  into  said  opening  until  a  tip  end  of 
the  plug  is  held  against  said  capacitor  assembly 
thereby  closing  said  opening  and  sealing  said  case. 

5  9.  A  method  according  to  claim  3,4  or  5,  wherein  said 
step  of  closing  said  opening  is  performed  by  placing 
a  heat  iron  on  said  opening  so  as  to  melt  the  opening 
and  seal  said  case. 

10  10.  A  method  according  to  claim  9,  wherein  after  said 
heating  iron  is  placed  on  the  opening,  said  heating 
iron  is  cooled  down  and  is  then  removed  from  said 
case. 

is  11.  A  method  according  to  any  preceding  claim,  further 
comprising  the  step  of 

aging  said  capacitor  assembly  between  the 
steps  of  impregnating  and  closing  said  opening. 

20  12.  An  elastomeric  cap  for  use  in  the  method  of  claim  1 
having  holes  for  the  receipt  of  leads  of  an  electrolytic 
capacitor  and  within  which  holes  adhesive  is  placed. 

13.  An  assembly  for  an  electrolytic  capacitor  for  use  in 
25  the  method  of  claim  2,  having  lead  terminals  with 

adhesive  attached  for  sealing  to  a  sealing  cap. 

1  4.  An  adhesive  stopper  with  holes  for  use  in  the  method 
of  claim  3  or  of  claim  4. 
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