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(54)  SINTERING  METHOD  AND  SINTERING  APPARATUS 

(57)  A  powder  material  is  put  into  a  cylindrical  mold 
and  electrodes  are  brought  into  contact  with  the  side  figure  i  
surface  of  the  mold  and  a  current  is  applied  to  sinter  the 
material  in  the  mold  while  a  pressure  is  applied  to  the 
material.  In  this  process,  local  temperature  difference  is 
kept  as  small  as  possible.  A  pair  of  electrodes  are 
brought  into  contact  with  the  side  circumferential  sur- 
face  of  a  cylindrical  mold  (25)  filled  with  a  powder  mate-  1  1 
rial  (28)  to  which  a  pressure  is  applied  and  a  current  is  ia 
applied  to  the  mold  (25)  to  heat  the  powder  material  (28) 
in  the  mold  (25)  and  a  sintered  body  is  obtained.  In 
order  to  sinter  the  material  by  the  current  application 
through  the  pair  of  electrodes,  two  pairs  of  electrodes  _ 
(19a,  19b,  19c,  19d)  which  face  each  other  are  all  cooling  water 
brought  into  contact  with  the  side  surface  of  the  mold  mold  cooung  water 
(25)  and  the  current  is  supplied  through  the  electrodes  i9(20i_^ 
(19)  alternately.  By  this  method,  the  current  application  18 
contacts  of  the  electrodes  are  changed  with  a  lapse  of  ^  
time,  local  temperature  difference  in  the  mold  (25)  dur-  5~ 
ing  the  sintering  can  be  avoided. 
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Description 

TECHNICAL  FIELD 

[0001]  The  present  invention  relates  to  a  sintering 
method  and  a  sintering  apparatus  for  use  in  the  sinter- 
ing  method. 

BACKGROUND  TECHNOLOGY 

[0002]  A  sintering  apparatus  is  known  which  is  of  a 
type  sintering  a  powder  material  by  applying  a  current  to 
a  mold  while  applying  pressure  thereto  The  present 
inventor  has  previously  developed  a  sintering  apparatus 
of  a  current-applying  type,  as  shown  in  Figures  19  and 
20,  which  comprises  a  cylindrical  mold  (e.g.,  made  of 
carbon  or  graphite;  an  outer  diameter:  about  180  mm; 
coaxial  length:  about  60  mm)  102  for  accommodating  a 
powder  material  101,  upper  and  lower  punches  103a 
and  103b,  respectively,  disposed  in  the  mold  102  so  as 
to  be  movable  for  applying  pressure  to  the  powder 
material  101  filled  in  the  mold  102,  and  a  pair  of  elec- 
trodes  104a  and  104b  for  forming  the  powder  material 
101  into  a  sintered  article  by  applying  a  current  to  the 
mold  102  from  the  side  thereof  (as  indicated  by  the  bro- 
ken-lined  arrow  in  Figure  20)  and  applying  heat  to  the 
powder  material  101. 
[0003]  As  the  sintering  process  apparatus  of  this  cur- 
rent-applying  type  can  lower  a  sintering  temperature  by 
elevating  a  pressure  to  be  applied  to  the  powder  mate- 
rial  101  by  means  of  the  upper  and  lower  solid  punches 
103a  and  103b,  respectively,  the  sintering  process  can 
reduce  influences  of  the  sintering  temperature  upon  a 
rate  of  the  oxidative  loss  of  the  mold  1  02  and  the  like  as 
well  as  shorten  the  time  for  cooling  the  mold  and  the  like 
after  sintering,  up  to  a  level  that  can  make  the  rate  of  the 
oxidative  loss  negligible.  As  a  consequence,  the  sinter- 
ing  process  of  this  type  can  control  the  oxidative  loss  in 
the  mold  102  and  the  like  and  shorten  a  cycle  time  for 
sintering  processes. 
[0004]  As  a  result  of  further  extensive  research  on  the 
sintering  process  conducted  by  the  present  inventor,  it 
was  found  that  the  rise  of  the  temperature  at  positions 
P1  and  P2,  which  are  close  to  contact  locations  where 
the  electrodes  contact  with  the  side  surfaces  of  the 
mold,  is  faster  than  the  rise  of  the  temperature  at  posi- 
tions  P3  and  P4  apart  from  the  contact  locations 
between  the  electrodes  and  the  side  surfaces  thereof, 
and  consequently  that  a  local  temperature  difference 
may  be  caused  to  occur  to  some  extent  between  the 
positions,  resulting  in  the  fact  that  a  portion  where  the 
temperature  rise  is  the  highest  (around  the  position  P1) 
is  caused  to  reach  the  sintering  temperature  faster  than 
the  other  portions  thereof  while  maintaining  the  entire 
state  as  it  is.  This  may  cause  a  partially  non-sintered 
portion  to  be  formed  in  a  sintered  article  as  a  product 
(as  shown  in  Figures  20  and  21).  It  is  further  found  that 
this  tendency  may  become  higher  as  the  application  of 

a  current  at  the  time  of  a  rise  is  increased  to  a  higher 
level  in  order  to  shorten  the  processing  time.  With  this 
finding  taken  into  account,  the  present  inventor  has 
come  to  recognition  that  improvements  in  this  point  are 

5  to  be  made  in  order  to  improve  properties  of  a  sintered 
article  such  as  strength  and  the  like. 
[0005]  The  present  invention  has  been  completed  on 
the  basis  of  this  finding  and  it  has  the  object  to  form  a 
sintered  article  so  as  to  cause  a  local  temperature  differ- 

10  ence  to  occur  to  the  smallest  possible  extent  at  the  time 
of  sintering  a  powder  material  by  applying  a  current 
thereto. 

DISCLOSURE  OF  THE  INVENTION 
15 

[0006]  In  order  to  achieve  the  object  as  described 
above,  the  present  invention  as  claimed  in  claim  1  pro- 
vides  a  sintering  method  comprising  supplying  heat  to  a 
powder  material  filled  in  a  cylindrical  mold  for  accommo- 

20  dating  the  powder  material  under  pressurized  condition 
by  applying  a  current  to  the  mold  with  whose  surface  a 
pair  of  electrodes  are  in  contact,  wherein: 

positions  of  the  pair  of  electrodes  in  which  they  are 
25  in  contact  with  the  side  surfaces  of  the  mold  for 

applying  the  current  are  disposed  so  as  to  vary  with 
time. 

[0007]  Preferred  modes  of  this  embodiment  according 
30  to  the  present  invention  as  claimed  in  claim  1  include 

modes  of  the  embodiment  according  to  the  present 
invention  as  claimed  in  claims  2  to  7. 
[0008]  In  order  to  achieve  the  object  as  described 
above,  the  present  invention  as  claimed  in  claim  8  pro- 

35  vides  a  sintering  method  for  sintering  the  powder  mate- 
rial  by  applying  a  current  thereto,  thereto  wherein  the 
application  of  the  current  is  partially  suspended. 
[0009]  Preferred  modes  of  this  embodiment  of  the 
present  invention  as  claimed  in  claim  8  include  modes 

40  of  the  embodiment  according  to  the  present  invention 
as  claimed  in  claims  9  to  16. 
[0010]  In  order  to  achieve  the  object  as  described 
above,  the  present  invention  as  claimed  in  claim  1  7  pro- 
vides  a  sintering  apparatus  for  sintering  the  powder 

45  material  in  a  cylindrical  mold  for  accommodating  the 
powder  material  under  pressurized  condition,  in  which 
plural  groups,  each  group  composed  of  a  pair  of  elec- 
trodes,  are  disposed  in  contact  of  the  side  surface  of  the 
mold  and  on  the  periphery  of  the  mold  in  such  a  manner 

so  that  a  current  is  alternately  applied  to  each  group  com- 
posed  of  a  pair  of  electrodes. 
[001  1  ]  In  order  to  achieve  the  object  as  described 
above,  the  present  invention  as  claimed  in  claim  1  8  pro- 
vides  a  sintering  apparatus  for  sintering  the  powder 

55  material  around  a  cylindrical  mold  for  accommodating 
the  powder  material  under  pressurized  condition 
through  plural  groups,  each  group  composed  of  a  pair  of 
electrodes  disposed  on  the  periphery  of  the  mold, 
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wherein  each  group  composed  of  a  pair  of  electrodes  is 
allowed  to  alternately  come  into  contact  with  the  side 
surface  of  the  mold  and  apply  the  current  to  the  mold. 
Preferred  modes  of  the  embodiments  of  the  present 
invention  as  claimed  in  claims  1  7  and  1  8  include  modes  5 
of  the  embodiments  of  the  present  invention  as  claimed 
in  claims  24  and  25,  respectively. 
[0012]  In  order  to  achieve  the  object  as  described 
above,  the  present  invention  as  claimed  in  claim  19  pro- 
vides  a  sintering  apparatus,  comprising:  10 

[001  3]  The  sintering  method  according  to  the  present 
invention  as  claimed  in  claim  1  can  positively  apply  heat 
(current)  even  to  a  portion  of  the  mold  where  the  tem- 
perature  rises  at  a  lower  level  because  contact  points 
between  the  pair  of  the  electrodes  and  the  side  surface 
of  the  mold  through  which  the  current  is  applied  are  con- 
figured  so  as  to  vary  with  time  by  focusing  on  the  fact 
that  the  temperature  can  rise  to  a  higher  level  at  the 
contact  points  between  the  electrodes  and  the  side  sur- 
faces  of  the  mold.  This  configuration  of  the  sintering 
method  can  fail  to  cause  a  temperature  difference  to 
occur  to  the  least  possible  extent  in  the  mold  during  the 
sintering  process  and  therefore  provide  a  sintered  arti- 
cle  without  causing  the  temperature  difference  to  occur 
to  the  least  possible  extent  during  the  sintering  process. 
[0014]  The  sintering  method  according  to  the  present 
invention  as  claimed  in  claim  2  is  configured  such  that 
three  or  more  electrodes  are  disposed  on  the  periphery 
of  the  mold  in  a  spaced  relationship  apart  from  one 
another  in  a  peripheral  direction  of  the  mold,  and  differ- 
ent  two  electrodes  are  optionally  selected  variably  from 
such  three  or  more  electrodes,  as  an  elapse  of  time,  to 
form  a  pair  of  electrodes  which  are  brought  into  contact 
with  the  side  surface  of  the  mold.  This  configuration  of 
the  sintering  method  can  vary  the  contact  points  of  the 

optionally  selected  pair  of  the  electrodes  with  respect  to 
the  side  surface  of  the  mold  with  an  elapse  of  time,  so 
that,  in  this  case,  too,  heat  (current)  can  be  positively 
supplied  to  a  portion  of  the  mold  where  the  temperature 
rises  at  a  lower  level  to  allow  the  mold  to  cause  a  tem- 
perature  difference  partially  to  the  lowest  possible 
extent  during  the  sintering  process  and,  as  a  conse- 
quence,  can  form  a  sintered  article  while  causing  the 
temperature  difference  to  fail  to  occur  at  the  lowest  pos- 
sible  level  during  the  sintering  process. 
[0015]  The  present  invention  as  claimed  in  claim  3 
provides  the  sintering  method  which  is  configured  such 
that  a  group  consisting  of  a  pair  of  electrodes  is  dis- 
posed  on  the  periphery  of  the  mold  and  the  group  of  the 
pair  of  the  electrodes  is  disposed  so  as  to  deviate  its 
positional  relationship  relative  to  the  mold  in  the  periph- 
eral  direction  of  the  mold  as  time  elapses.  This  configu- 
ration  can  change  the  contact  points  of  the  pair  of  the 
electrodes  with  the  side  surfaces  of  the  mold,  at  which 
the  current  is  applied  to  the  mold  for  sintering,  as  time 
elapses.  Therefore,  this  sintering  method  can  positively 
supply  heat  (current)  to  a  portion  of  the  mold  where  a 
rise  in  the  temperature  is  slower,  too.  thereby  causing  a 
local  temperature  difference  to  occur  in  the  mold  to  the 
least  possible  extent  at  the  time  of  sintering  and  produc- 
ing  a  sintered  article  without  causing  a  partial  occur- 
rence  of  the  local  temperature  difference  in  the  mold. 
[0016]  Further,  this  embodiment  requires  only  two 
electrodes  so  that  the  number  of  electrodes  can  be  min- 
imized  as  small  as  possible  for  applying  the  current  to 
the  mold. 
[0017]  The  present  invention  as  claimed  in  claim  4 
provides  the  sintering  method  wherein  the  three  or  more 
electrodes  are  all  in  contact  with  the  side  surfaces  of  the 
mold;  and  the  two  optional  electrodes  are  selected 
therefrom  by  shifting  the  application  of  the  current 
thereto.  This  configuration  can  achieve  the  same  action 
and  effects  as  achieved  by  the  present  invention  as 
claimed  in  claim  2.  Further,  this  embodiment  of  the 
present  invention  can  cause  no  delay  in  rise  because 
the  disposition  of  the  three  or  more  electrodes  does  not 
require  contact  with  or  separation  from  the  side  sur- 
faces  of  the  mold  for  selection  of  the  optional  two  elec- 
trodes.  If  the  electrodes  are  otherwise  separated  apart 
from  the  mold,  some  period  of  time  is  required  until  heat 
is  supplied  to  the  mold  after  the  electrodes  are  allowed 
to  contact  therewith  and  then  the  temperature  of  the 
mold  is  elevated  because  the  temperature  of  the  mold  is 
caused  to  be  lowered  while  the  electrodes  are  sepa- 
rated  from  the  mold.  Therefore,  this  embodiment  does 
not  cause  the  temperature  of  the  mold  to  vary  (to  be 
lowered)  to  a  great  extent  upon  shifting  the  electrodes, 
so  that  the  temperature  difference  of  the  mold  can  be 
controlled  to  an  appropriate  level. 
[0018]  The  invention  as  claimed  in  claim  5  further  pro- 
vides  the  sintering  method  wherein  the  two  optional 
electrodes  are  selected  by  causing  the  electrodes  to 
contact  with  or  separate  apart  from  the  side  surface  of 

a  pair  of  the  electrodes  disposed  around  a  cylindri- 
cal  mold  for  accommodating  the  powder  material 
under  pressurized  conditions  and  for  applying  heat 
to  the  powder  material  by  applying  a  current  to  the  15 
side  surface  of  the  mold; 
current-application  adjustment  means  for  adjusting 
the  application  of  a  current  to  the  pair  of  the  elec- 
trodes  from  a  power  source;  and 
control  means  for  controlling  the  current-application  20 
adjustment  means  to  maintain  the  pair  of  the  elec- 
trodes  in  a  current-applying  state  with  respect  to  the 
power  source  in  a  usual  case,  in  which  the  current 
is  being  applied  to  the  electrodes  from  the  power 
source,  and  partially  bring  the  pair  of  the  electrodes  25 
in  a  current-suspending  state  with  respect  to  the 
power  source,  in  which  the  application  of  the  cur- 
rent  from  the  power  source  is  being  suspended. 
Preferred  modes  of  the  embodiment  of  the  present 
invention  as  claimed  in  claim  19  include  modes  of  30 
the  embodiments  of  the  present  invention  as 
claimed  in  claims  20  to  25. 
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the  mold.  Therefore,  this  embodiment  of  the  present 
invention  can  achieve  the  action  and  effects  more  spe- 
cifically  as  achieved  by  the  embodiment  of  claim  2. 
[001  9]  The  sintering  method  of  the  present  invention 
as  claimed  in  claim  6  is  configured  such  that  three  or 
more  electrodes  are  disposed;  two  groups  of  pairs  of 
electrodes  are  selected  from  the  three  or  more  elec- 
trodes;  and  said  two  groups  of  the  pairs  of  the  elec- 
trodes  are  disposed  so  as  for  a  virtual  line  connecting  a 
one  group  consisting  of  the  pair  of  the  electrodes  to 
each  other  to  intersect  another  virtual  line  connecting 
the  other  group  consisting  of  the  pair  of  the  electrodes 
of  another  group  to  each  other  at  the  substantially  right 
angle;  wherein  the  current  is  alternately  applied  to  the 
groups  of  the  pairs  of  the  electrodes.  This  configuration 
can  readily  control  each  of  the  groups  of  the  pairs  of  the 
electrodes  by  predetermining  each  of  the  pairs  of  the 
electrodes  as  each  group.  In  addition  this  configuration 
can  effectively  control  an  occurrence  of  a  local  temper- 
ature  difference  in  the  mold  at  the  time  of  sintering  by 
minimizing  the  number  of  the  electrodes  as  small  as 
possible. 
[0020]  The  present  invention  as  claimed  in  claim  7 
provides  the  sintering  method  wherein  the  current  is 
applied  to  the  one  group  of  the  pair  of  the  electrodes 
selected  from  the  two  groups  thereof  at  an  initial  time  of 
applying  the  current  until  the  temperature  of  the  mold 
reaches  a  predetermined  temperature;  and  thereafter 
the  current  is  intermittently  applied  at  small  time  inter- 
vals  alternately  to  each  of  the  two  groups  of  the  pairs  of 
the  electrodes.  Therefore,  the  temperature  difference  in 
the  mold  can  be  made  as  small  as  possible  and  the 
processing  time  can  be  shortened  to  some  extent,  so 
that  the  above  two  features  can  be  satisfied  greatly. 
[0021]  Further,  the  present  invention  as  claimed  in 
claim  8  provides  the  sintering  method  for  sintering  the 
powder  material  filled  in  the  mold  by  applying  a  current 
to  the  mold  in  a  manner  that  the  current  applied  to  the 
mold  is  partially  suspended.  This  configuration  can 
transfer  heat  (perform  heat  conduction)  from  the  high- 
temperature  portion  of  the  mold  to  the  low-temperature 
portion  thereof  to  reduce  local  temperature  difference 
even  if  a  higher  portion  of  raising  the  temperature  in  the 
mold  would  be  caused  to  occur  locally  by  sintering  upon 
the  application  of  the  current  thereto.  Therefore,  a  sin- 
tered  product  can  be  produced  without  causing  local 
temperature  difference  to  the  highest  possible  extent  at 
the  time  of  sintering,  while  utilizing  heat  effectively. 
[0022]  The  sintering  method  as  claimed  in  claim  9  is 
provided  with  the  step  of  supplying  heat  to  the  powder 
material  filled  in  the  cylindrical  mold  under  pressurized 
conditions  for  sintering  by  applying  the  current  to  the 
mold  while  the  pair  of  the  electrodes  are  in  contact  with 
the  side  surfaces  of  the  mold.  Therefore,  this  configura- 
tion  presents  the  situation  that  a  portion  where  the  tem- 
perature  becomes  higher  than  the  other  portions  is 
likely  to  be  located  due  to  a  higher  rate  of  elevating  the 
temperature  locally  on  account  of  the  side  surface  of  the 

mold  where  there  is  the  limitation  on  processing  preci- 
sion  or  the  like,  a  small  contact  area  between  the  side 
surface  of  the  mold  and  the  electrodes,  etc.;  however, 
the  suspension  of  the  application  of  the  current  permits 

5  the  heat  to  transmit  from  the  higher-temperature  portion 
to  the  lower-temperature  portion  in  the  mold,  and  a  sin- 
tered  article  can  be  produced  in  such  a  manner  that 
local  temperature  difference  is  reduced  to  the  least  pos- 
sible  extent  at  the  time  of  sintering. 

10  [0023]  Moreover,  the  present  invention  as  claimed  in 
claim  10  provides  the  sintering  method  wherein  the  pair 
of  the  electrodes  are  separated  apart  from  the  side  sur- 
face  of  the  mold  upon  suspending  the  application  of  the 
current  for  sintering  the  powder  material.  This  configu- 

15  ration  can  prevent  heat  in  the  mold  from  leaking  toward 
outside  through  the  electrodes  at  the  time  when  the 
application  of  the  current  is  suspended.  Therefore,  the 
heat  present  in  the  mold  can  be  effectively  utilized  upon 
transferring  the  heat  in  the  mold  from  its  higher-temper- 

20  ature  portion  to  its  lower-temperature  portion. 
[0024]  Additionally,  the  sintering  method  as  claimed  in 
claim  1  1  is  configured  such  that,  as  each  of  the  elec- 
trodes  is  disposed  so  as  for  a  tip  portion  thereof  to  come 
closer  to  or  separate  apart  from  the  main  body  of  the 

25  mold  in  such  a  manner  that,  when  the  tip  portion  thereof 
is  separated  apart  from  the  main  body  thereof,  a  space 
area  is  formed  between  the  tip  portion  thereof  and  the 
main  body,  heat  in  the  mold  can  be  prevented  from 
escaping  through  the  electrodes  by  the  location  of  the 

30  heat-insulating  space  area,  even  if  the  electrodes  are 
kept  in  contact  with  the  side  surface  of  the  mold.  There- 
fore,  the  heat  present  in  the  mold  can  be  utilized  to  a 
highly  effective  extent  upon  transferring  the  heat  from 
the  higher-temperature  portion  to  the  lower-temperature 

35  portion  thereof. 
[0025]  The  present  invention  as  claimed  in  claim  1  2 
provides  the  sintering  method  which  is  configured  in 
that  three  or  more  electrodes  are  disposed  in  a  periph- 
erally  spaced  relationship  on  the  periphery  of  the  mold, 

40  that  a  pair  of  two  optional  electrodes  are  selected  from 
the  three  or  more  electrodes  by  shifting  the  electrode, 
as  time  elapses,  and  that,  on  selecting  the  pair  of  two 
optional  electrodes  by  shifting  said  electrodes,  a  period 
of  time  during  which  the  application  of  the  current  is  par- 

45  tially  suspended  is  provided  for  suspending  the  applica- 
tion  of  the  current  for  sintering  the  powder  material. 
Therefore,  the  timing  of  shifting  the  electrodes  can  be 
effectively  utilized  for  correcting  the  temperature  in  the 
mold  and  making  the  temperature  uniform  in  the  mold, 

so  and  the  shifting  of  the  electrodes  can  be  effected  in  a 
smooth  way. 
[0026]  In  a  preferred  mode  of  this  embodiment,  the 
sintering  method  as  claimed  in  claim  13  is  configured 
such  that  the  mold  is  made  of  graphite.  This  conf  igura- 

55  tion  can  provide  the  mold  with  thermal  resistance,  ther- 
mal  shock  resistance,  and  conductivity  at  such  a  level 
as  required  for  use  as  a  mold.  This  configuration,  how- 
ever,  may  otherwise  create  the  situation  in  which  a  por- 
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tion  is  caused  to  locate  in  the  mold  where  the 
temperature  is  higher  than  the  other  due  to  the  fact  the 
rate  of  transferring  heat  in  the  mold  is  slower  as  com- 
pared  with  the  rate  of  supplying  heat  from  the  elec- 
trodes.  Therefore,  in  this  situation,  the  suspension  of  the 
application  of  the  current  to  the  mold  can  accelerate  the 
heat  conduction  from  the  higher-temperature  portion  to 
the  lower-temperature  portion  to  reduce  local  tempera- 
ture  difference  in  the  mold,  and  a  sintered  product  can 
be  produced  in  a  situation  where  such  local  temperature 
difference  is  very  low  at  the  time  of  sintering. 
[0027]  In  addition,  in  a  preferred  mode  of  the  embod- 
iment,  the  present  invention  as  claimed  in  claim  14  pro- 
vides  the  sintering  method,  wherein  the  application  of 
the  current  is  suspended  when  local  temperature  differ- 
ence  between  two  predetermined  positions  of  the  mold 
reaches  a  predetermined  temperature  difference  or 
larger.  Therefore,  this  mode  of  the  embodiment  accord- 
ing  to  the  present  invention  can  correct  the  temperature 
in  the  mold  so  as  to  make  the  temperature  in  the  mold 
as  uniform  as  possible,  while  regulating  the  local  tem- 
perature  difference  in  the  mold  from  becoming  too  large 
by  supplying  heat  for  sintering  the  powder  material  by 
means  of  the  application  of  the  current  thereto. 
[0028]  Furthermore,  in  another  preferred  mode  of  this 
embodiment,  the  present  invention  as  claimed  in  claim 
15  provides  the  sintering  method,  wherein  pressure  is 
applied  to  the  powder  material  in  a  state  in  which  the 
application  of  heat  from  the  outside  is  insulated,  by  tak- 
ing  advantage  of  the  feature  that  no  application  of  the 
current  is  to  be  performed  on  the  side  of  applying  pres- 
sure  thereto.  This  configuration  can  prevent  heat 
present  in  the  mold  from  escaping  through  pressurizing 
means  such  as  pressurizing  punches  or  the  like,  so  that 
the  heat  in  the  mold  and  so  on  can  be  utilized  effectively 
upon  transferring  heat  in  the  mold  from  the  higher-tem- 
perature  portion  to  the  lower-temperature  portion 
thereof. 
[0029]  Still  further,  in  another  preferred  mode  of  this 
embodiment,  the  present  invention  as  claimed  in  claim 
16  provides  the  sintering  method,  wherein  the  applica- 
tion  of  the  current  to  the  mold  is  suspended  plural  times. 
This  configuration  can  perform  the  suspension  of  the 
application  of  the  current  to  the  mold  more  effectively  for 
correcting  the  temperature  of  the  mold  toward  making 
the  temperature  in  the  mold  uniform. 
[0030]  In  another  aspect,  the  present  invention  as 
claimed  in  claim  17  provides  a  sintering  apparatus  for 
sintering  a  powder  material  filled  in  a  cylindrical  mold  by 
alternately  applying  a  current  to  the  mold  through  a  pair 
of  electrodes  disposed  in  contact  with  the  peripheral 
side  surfaces  of  the  mold,  wherein  plural  groups,  each 
group  composed  of  a  pair  of  electrodes,  are  disposed 
on  the  periphery  of  the  mold  while  being  in  contact  with 
the  side  surface  of  the  mold;  and  each  group  composed 
of  the  pair  of  electrodes  are  selected  to  alternately  apply 
the  current  to  the  mold.  Therefore,  the  sintering  appara- 
tus  in  this  embodiment  can  be  configured  so  as  to 

change  the  contact  points  at  which  the  pair  of  the  elec- 
trodes  come  into  contact  with  the  side  surface  of  the 
mold  in  accordance  with  a  lapse  of  time  so  that  the 
present  invention  can  specifically  provide  the  sintering 

5  apparatus  that  can  practice  the  sintering  methods 
according  to  the  embodiments  as  claimed  in  claims  1  ,  2, 
4,  6  and  7. 
[0031]  Further,  the  sintering  apparatus  for  sintering 
the  powder  material  filled  in  the  cylindrical  mold  as 

10  claimed  in  claim  18  is  likewise  configured  such  that  the 
mold  is  supplied  with  the  current  through  a  pair  of  elec- 
trodes  disposed  in  contact  with  the  peripheral  side  sur- 
face  of  the  mold,  wherein  plural  groups,  each  group 
composed  of  a  pair  of  electrodes,  are  disposed  on  the 

15  periphery  of  the  mold  and  each  group  is  selected  so  as 
to  come  into  contact  with  the  side  surface  of  the  mold 
and  apply  the  current  to  the  mold.  In  this  embodiment, 
too,  the  sintering  apparatus  in  this  embodiment  can  be 
configured  such  that  the  contact  points  at  which  the  pair 

20  of  the  electrodes  come  into  contact  with  the  side  sur- 
faces  of  the  mold  can  be  varied  with  a  lapse  of  time, 
thereby  providing  the  apparatus  that  can  specifically 
practice  the  sintering  methods  according  to  the  embod- 
iments  as  claimed  in  claims  1,  2,  and  5. 

25  [0032]  Moreover,  the  sintering  apparatus  of  the 
present  invention  as  claimed  in  claim  19  is  provided  with 
a  pair  of  electrodes  disposed  on  the  periphery  of  the 
cylindrical  mold  for  accommodating  the  powder  material 
under  pressurized  conditions  for  applying  heat  to  the 

30  powder  material  by  applying  the  current  to  the  mold;  a 
current-application  adjusting  means  for  adjusting  appli- 
cation  of  the  current  to  the  pair  of  electrodes  from  a 
power  source;  and  a  control  means  for  controlling  the 
current-application  adjusting  means  to  assume  a  cur- 

35  rent-applying  state  at  a  usual  time  in  which  the  current 
is  supplied  to  the  pair  of  electrodes  from  the  power 
source  and  a  current-suspending  state  in  which  the 
application  of  the  current  to  the  pair  of  electrodes  is  par- 
tially  suspended.  Therefore,  the  sintering  apparatus 

40  according  to  this  embodiment  can  partially  suspend  the 
application  of  the  current  to  the  mold  so  that  the  it  can 
specifically  practice  the  sintering  method  as  claimed  in 
claim  8. 
[0033]  Furthermore,  the  present  invention  as  claimed 

45  in  claim  20  provides  the  sintering  apparatus  wherein 
pressure  can  be  applied  to  the  powder  material  from 
both  sides  of  the  mold  in  axial  directions  by  means  of  a 
pressurizing  punch  having  a  heat  insulating  layer  by  uti- 
lizing  the  feature  that  the  current  is  not  required  to  be 

so  applied  on  the  side  of  the  pressurizing  punch.  There- 
fore,  this  configuration  can  control  the  heat  in  the  mold 
from  escaping  through  the  pressurizing  means  so  that 
the  heat  in  the  mold  and  so  on  can  be  utilized  effectively 
upon  transferring  heat  from  the  higher-temperature  por- 

55  tion  of  the  mold  to  the  lower-temperature  portion 
thereof.  This  configuration  can  provide  the  sintering 
apparatus  that  can  specifically  perform  the  sintering 
method  as  claimed  in  claim  15. 
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[0034]  In  addition,  in  a  preferred  mode  of  the  above 
embodiment,  the  sintering  apparatus  as  claimed  in 
claim  21  is  configured  such  that  the  mold  is  made  of 
graphite.  This  configuration  can  provide  the  mold  with 
thermal  resistance,  thermal  shock  resistance,  and  con- 
ductivity  at  such  a  level  as  required  for  use  as  a  mold. 
This  configuration,  however,  may  otherwise  create  the 
situation  in  which  a  portion  is  caused  to  locally  locate  in 
the  mold  where  the  temperature  is  higher  than  the  other 
due  to  the  fact  the  rate  of  transferring  heat  in  the  mold  is 
slower  as  compared  with  the  rate  of  supplying  heat  from 
the  electrodes.  In  this  situation,  the  suspension  of  the 
application  of  the  current  to  the  mold  can  accelerate  the 
heat  conduction  from  the  higher-temperature  portion  of 
the  mold  to  the  lower-temperature  portion  thereof  to 
reduce  a  local  temperature  difference  in  the  mold. 
Accordingly,  this  embodiment  can  provide  the  sintering 
apparatus  that  can  specifically  perform  the  sintering 
method  as  claimed  in  claim  13. 
[0035]  In  a  preferred  mode,  the  sintering  apparatus  of 
the  present  invention  as  claimed  in  claim  22  is  config- 
ured  such  that  a  group  of  the  pair  of  the  electrodes  are 
selected  from  plural  groups  of  pairs  of  electrodes  which 
are  disposed  so  as  to  be  shifted  in  sequence  and  the 
control  means  is  set  so  as  to  control  the  current-applica- 
tion  adjusting  means  to  implement  the  current-applica- 
tion  suspending  state,  when  it  is  judged  to  perform  the 
shift  of  the  electrodes.  This  arrangement  of  the  sintering 
apparatus  can  utilize  the  timing  of  performing  the  shift  of 
the  electrodes  for  correction  of  the  temperature  of  the 
mold  for  making  the  temperature  in  the  mold  uniform 
and  perform  the  shifting  of  the  electrodes  in  a  smooth 
way.  Therefore,  this  embodiment  of  the  present  inven- 
tion  can  provide  the  sintering  apparatus  that  can  specif- 
ically  practice  the  sintering  method  as  claimed  in  claim 
12. 
[0036]  Further,  the  present  invention  as  claimed  in 
claim  23  provides  the  sintering  apparatus  further  com- 
prising  a  mold  temperature  detecting  means  for  detect- 
ing  the  temperature  of  the  mold  in  plural  positions; 
wherein  the  control  means  is  set  so  as  to  perform  the 
current-suspending  state  by  controlling  the  current- 
application  adjusting  means  when  it  is  judged  that  a 
temperature  difference  in  two  positions  out  of  the  plural 
positions  reaches  a  predetermined  temperature  differ- 
ence  or  larger  on  the  basis  of  a  signal  from  the  mold 
temperature  detecting  means.  This  configuration  of  the 
sintering  apparatus  can  regulate  the  temperature  differ- 
ence  from  becoming  too  large  by  the  application  of  heat 
on  the  basis  of  sintering  by  the  application  of  the  current 
to  the  mold.  Moreover,  it  can  correct  the  temperature  of 
the  mold  for  making  the  temperature  in  the  mold  uni- 
form.  Therefore,  this  embodiment  of  the  present  inven- 
tion  can  provide  the  sintering  apparatus  that  can 
specifically  perform  the  sintering  method  as  claimed  in 
claim  14. 
[0037]  In  a  preferred  mode  of  the  above  embodiments 
of  the  present  invention,  the  sintering  apparatus  as 

claimed  in  claim  24  is  configured  such  that  a  tempera- 
ture  detector  is  disposed  so  as  to  contact  with  or  sepa- 
rate  apart  from  the  side  surface  of  the  mold.  This 
configuration  can  detect  the  temperature  of  the  mold  in 

5  an  accurate  way  simply  by  allowing  the  temperature 
detector  to  be  in  contact  with  the  side  surface  of  the 
mold,  and  serve  as  automating  the  detection  of  the  tem- 
perature  in  the  mold.  At  the  same  time,  this  configura- 
tion  serves  as  saving  mounting  work  for  mounting  the 

10  temperature  detector  such  as  a  thermocouple  or  the  like 
on  the  mold,  and,  if  the  temperature  detector  would  be 
mounted  thereon,  it  can  prevent  an  error  in  measure- 
ment  from  becoming  large. 
[0038]  In  another  preferred  mode  of  the  above  embod- 

15  iments,  the  present  invention  as  claimed  in  claim  25  pro- 
vides  the  sintering  apparatus,  wherein  a  thermocouple 
is  disposed  in  a  tip  portion  of  the  electrode.  The  elec- 
trodes  can  serve  as  a  temperature  detector  so  that  the 
temperature  of  the  mold  can  be  measured  by  allowing 

20  the  electrodes  to  contact  with  the  side  surfaces  of  the 
mold.  Therefore,  this  embodiment  of  the  sintering  appa- 
ratus  can  achieve  the  action  and  effects  as  that  as 
claimed  in  claim  24  and  at  the  same  time  serve  as  sim- 
plifying  the  apparatus. 

25 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

[0039] 

30  Figure  1  is  a  schematic  view  showing  a  sintering 
apparatus  according  to  a  first  embodiment  of  the 
present  invention. 
Figure  2  is  a  schematic  view  for  describing  the 
insertion  or  discharge  of  a  mold  and  so  on  in  the 

35  sintering  apparatus  of  Figure  1  . 
Figure  3  is  a  partially  enlarged  schematic  view 
showing  the  sintering  apparatus  of  Figure  1  . 
Figure  4  is  a  schematic  view  of  the  operation  of 
electrodes. 

40  Figure  5  is  a  view  showing  the  state  of  a  shift  unit  in 
which  a  current  is  shifted  to  another  group  of  a  pair 
of  electrodes. 
Figure  6  is  a  view  showing  the  state  of  a  shift  unit  in 
which  a  current  is  shifted  to  a  one  group  of  a  pair  of 

45  electrodes. 
Figure  7  is  a  view  showing  the  relationship  of  a 
mode  with  upper  and  lower  punches  in  the  sintering 
apparatus. 
Figure  8  is  a  transverse  view  in  section  of  Figure  7. 

so  Figure  9  is  a  schematic  view  of  a  temperature 
detector  to  be  mounted  on  a  vacuum  chamber. 
Figure  10  is  a  graph  showing  an  example  of  control- 
ling  a  rise  in  temperature  of  a  mold  by  a  pair  of  elec- 
trodes  of  each  of  two  groups  facing  each  other  in 

55  accordance  with  the  first  embodiment  of  the 
present  invention. 
Figure  1  1  is  a  graph  showing  an  example  of  control- 
ling  a  rise  in  temperature  of  a  mold  by  a  pair  of  elec- 
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trades  of  each  of  two  groups  facing  each  other  in 
accordance  with  a  second  embodiment  of  the 
present  invention. 
Figure  12  is  a  graph  showing  an  example  of  control- 
ling  a  rise  in  temperature  of  a  mold  by  a  pair  of  elec- 
trodes  of  each  of  two  groups  facing  each  other  in 
accordance  with  a  third  embodiment  of  the  present 
invention. 
Figure  13  is  a  schematic  view  describing  a  fourth 
embodiment  of  the  present  invention. 
Figure  14  is  a  schematic  view  showing  a  sintering 
apparatus  according  to  a  fifth  embodiment  of  the 
present  invention. 
Figure  15  is  a  plan  view  showing  a  mold  for  use  in 
the  fifth  embodiment  of  the  present  invention. 
Figure  16  is  a  schematic  view  showing  upper  and 
lower  punches  for  use  in  the  fifth  embodiment  of  the 
present  invention. 
Figure  1  7  is  a  schematic  view  describing  a  sintering 
method  by  application  of  a  current  in  accordance 
with  the  fifth  embodiment  of  the  present  invention. 
Figure  18  is  a  schematic  view  showing  electrodes 
in  accordance  with  a  sixth  embodiment  of  the 
present  invention. 
Figure  19  is  a  view  showing  a  relationship  between 
upper  and  lower  punches  in  a  sintering  apparatus 
of  prior  art. 
Figure  20  is  a  transversely  sectional  view  of  Figure 
19. 
Figure  21  is  a  graph  showing  an  example  of  control- 
ling  a  rise  of  temperature  by  a  pair  of  electrodes  as 
shown  in  Figures  19  and  20. 

BEST  MODES  FOR  CARRYING  OUT  THE  INVEN- 
TION 

[0040]  The  present  invention  will  be  described  in  more 
detail  by  way  of  embodiments  with  reference  to  the 
accompanying  drawings. 
[0041]  First,  a  description  will  be  made  of  a  sintering 
apparatus  of  the  present  invention  for  use  in  a  sintering 
method  according  to  the  present  invention  before  a 
description  of  the  sintering  method  in  accordance  with 
embodiments  of  the  present  invention. 
[0042]  As  shown  in  Figure  1,  reference  numeral  1 
denotes  a  frame  member  having  a  lower  recipient  base 
2  disposed  below  the  frame  member  1  ,  and  a  cylinder 
unit  3  is  fixed  on  the  lower  recipient  base  2.  To  the  cylin- 
der  unit  3  is  connected  a  mold  lift  bar  4  on  the  side 
above  the  lower  recipient  base  2,  and  the  mold  lift  bar  4 
is  disposed  so  as  to  be  movable  in  upward  and  down- 
ward  directions  by  means  of  contractible  and  extenda- 
ble  movements  of  the  cylinder  unit  3. 
[0043]  On  the  outer  periphery  of  the  mold  lift  bar  4  is 
engaged  a  cylindrical  stopper  5  as  shown  in  Figure  1  . 
On  the  outer  periphery  of  the  cylindrical  stopper  5  is  in 
turn  mounted  a  support  plate  6  which  is  engaged  with 
and  held  with  (secured  to)  a  side  frame  1  a  of  the  frame 

member  1  . 
[0044]  A  vacuum  chamber  7  is  disposed  on  the  cylin- 
drical  stopper  5  in  the  manner  as  shown  in  Figures  1  to 
3.  The  vacuum  chamber  7  comprises  a  chamber  body  8 

5  and  a  lid  member  9,  and  the  inside  of  the  vacuum  cham- 
ber  7  is  made  in  a  vacuum  state  by  sucking  the  chamber 
with  a  vacuum  pump,  although  not  shown.  In  the  cham- 
ber  body  8  of  the  vacuum  chamber  7  is  inserted  the 
mold  lift  bar  4  from  the  lower  portion  of  the  chamber 

10  body  8  so  as  to  be  movable,  and  a  space  between  the 
mold  lift  bar  4  and  the  chamber  body  8  is  kept  in  an  air- 
tight  state. 
[0045]  On  the  upper  portion  of  the  frame  member  1  is 
disposed  an  upper  recipient  table  10,  and  a  cylinder  unit 

15  1  1  is  secured  to  the  lower  side  of  the  upper  recipient 
table  10.  To  the  cylinder  unit  11  is  connected  a  mold 
pressing  bar  12  on  the  side  below  the  cylinder  unit  1  1  , 
and  the  mold  pressing  bar  1  2  is  disposed  so  as  to  be 
movable  in  upward  and  downward  directions  by  means 

20  of  contractible  and  extendable  movements  of  the  cylin- 
der  unit  1  1  . 
[0046]  On  the  outer  periphery  of  the  mold  pressing  bar 
12  is  slidably  engaged  a  sliding  cylindrical  tube  13  as 
shown  in  Figures  1  and  2.  At  the  lower  portion  of  the 

25  sliding  tube  13  is  fixed  the  lid  member  9  of  the  vacuum 
chamber  7,  and  the  mold  pressing  bar  12  is  disposed 
inserting  in  the  lid  member  9  so  as  to  be  movable  while 
maintaining  its  airtight  state. 
[0047]  Further,  a  support  plate  1  4  is  mounted  on  the 

30  outer  periphery  of  the  sliding  tube  13  over  the  lid  mem- 
ber  9,  and  the  support  plate  1  4  is  engaged  with  a  side 
frame  1  a  of  the  frame  member  1  so  as  to  be  slidable.  To 
the  upper  surface  of  the  support  plate  1  4  are  connected 
a  plurality  of  guide  rods  1  5  with  their  one  ends  fixed  to 

35  the  upper  surface  of  the  support  plate  1  4  and  with  the 
other  ends  thereof  extending  through  the  upper  recipi- 
ent  table  10  upwardly  over  its  entire  length  and  being 
connected  to  a  connecting  plate  1  6.  To  the  connecting 
plate  16  is  in  turn  connected  a  cylinder  unit  17  fixed  to 

40  the  upper  recipient  table  10.  This  configuration  can 
move  the  lid  member  9  so  as  to  come  closer  to  and  go 
apart  from  the  chamber  body  8  (i.e.  to  open  and  close 
the  chamber  body  8)  through  a  guide  rod  15  and  the 
support  plate  1  4  by  means  of  the  extendable  and  con- 

45  tractible  movements  of  the  cylinder  unit  1  7. 
[0048]  As  shown  in  Figure  4,  the  vacuum  chamber  7 
is  provided  at  its  side  portion  with  four  insertion  holes, 
as  indicated  generally  as  reference  numeral  18,  com- 
municating  with  the  vacuum  chamber  7,  which  are  dis- 

50  posed  on  the  peripheral  side  of  the  vacuum  chamber  7 
in  a  peripheral  direction  in  equally  spaced  relationship. 
Each  of  the  insertion  holes  18  is  disposed  so  as  to  form 
a  pair  of  the  insertion  holes  18  together  with  the  oppo- 
site  insertion  hole  18  that  is  located  in  the  position 

55  extending  orthogonally  through  the  center  of  the  vac- 
uum  chamber  7.  Therefore,  the  four  insertion  holes  18 
form  two  groups  each  including  a  pair  of  the  insertion 
holes  18. 
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[0049]  Into  the  insertion  holes  18  are  movably 
inserted  electrodes  19a,  19b,  19c  and  19d,  which  are 
referred  to  in  common  as  reference  numeral  1  9,  in  an 
airtight  manner.  Each  of  the  electrodes  1  9  is  made  of 
the  identical  configuration  and  a  top  portion  21  of  each  5 
electrode  19  is  formed  with  material,  such  as  carbon, 
graphite,  etc.,  which  may  preferably  have  resistance 
lower  than  an  intrinsic  resistance  to  electricity  in  order  to 
prevent  a  partial  contact.  The  top  portion  21  of  each 
electrode  19  is  positioned  within  the  vacuum  chamber  w 
7.  To  each  of  the  electrodes  19  is  connected  a  cylinder 
unit  23  fixed  to  a  fixing  means,  although  not  shown.  In 
Figure  4,  the  cylinder  unit  23  is  not  shown  for  each  of 
the  electrodes  19a,  19b,  19c  and  19d.  Each  of  the  elec- 
trodes  1  9  is  disposed  so  as  to  move  radially  with  respect  75 
to  the  vacuum  chamber  7  by  means  of  the  respective 
cylinder  units  23.  Among  the  electrodes  19,  the  elec- 
trodes  19a  and  19b  are  disposed  on  the  opposite  sides 
of  the  vacuum  chamber  7  to  form  a  one  group  that  coin- 
cides  with  a  one  group  of  the  insertion  holes  18  while  20 
the  electrodes  19c  and  19d  are  disposed  on  the  oppo- 
site  side  thereof  to  form  another  group  that  coincides 
with  the  other  group  of  the  insertion  holes  18. 
[0050]  Figure  4  indicates  the  embodiment  in  which 
only  the  electrodes  19a  and  19d,  which  does  not  form  a  25 
group,  are  located  in  the  positions  closer  to  the  radial 
center  of  the  vacuum  chamber  7,  however,  it  is  to  be 
noted  herein  that  this  embodiment  is  merely  illustrative 
of  the  possible  embodiments  of  the  present  invention 
and  that  all  the  electrodes  19  may  be  located  in  the  30 
positions  close  to  the  radial  center  thereof. 
[0051  ]  To  a  base  end  portion  of  each  electrode  1  9  is 
connected  a  shift  unit  31  ,  as  shown  in  Figure  4.  The  shift 
unit  31  comprises  four  joint  terminals  32  to  35,  inclusive, 
such  as  made  from  copper  bars,  which  are  disposed  in  35 
a  spaced  relationship  apart  in  a  predetermined  distance 
from  one  another.  The  four  joint  terminals  32  to  35  are 
disposed  so  as  to  be  drivable  integrally  with  one  another 
by  means  of  an  actuator  36.  The  joint  terminal  32  is  con- 
nected  to  the  electrode  19c,  the  joint  terminal  33  to  the  40 
electrode  19a,  the  joint  terminal  34  to  the  electrode  19d, 
and  the  joint  terminal  35  to  the  electrode  1  9b.  Further,  a 
plus  terminal  37,  such  as  a  copper  bar,  for  a  direct  cur- 
rent  power  source  22  is  interposed  between  the  joint 
terminals  32  and  33  of  the  shift  unit  31,  while  a  minus  45 
terminal  38,  such  as  a  copper  bar,  for  the  direct  current 
power  source  22  is  interposed  between  the  joint  termi- 
nals  34  and  35  thereof.  The  activation  of  the  actuator  36 
allows  the  plus  terminal  37  for  the  direct  current  power 
source  22  to  contact  with  the  joint  terminal  32,  while  so 
allowing  the  minus  terminal  38  of  the  direct  current 
power  source  22  to  contact  with  the  joint  terminal  34,  as 
shown  in  Figure  5,  thereby  applying  a  voltage  to  the 
electrodes  19c  and  19d,  respectively.  On  the  other 
hand,  when  the  actuator  36  is  activated,  the  plus  termi-  55 
nal  37  for  the  direct  current  power  source  22  is  allowed 
to  contact  with  the  joint  terminal  33  and,  at  the  same 
time,  the  minus  terminal  38  therefor  is  allowed  to  con- 

tact  with  the  joint  terminal  35,  as  shown  in  Figure  6,  a 
voltage  is  applied  to  the  electrodes  19a  and  19b, 
respectively. 
[0052]  As  shown  in  Figure  3,  a  cooling  cylinder  20  is 
engaged  on  the  outer  periphery  of  each  electrode  19. 
The  cooling  cylinder  20  may  be  of  a  hollow  structure  into 
which  cooling  water  is  supplied.  This  cooling  water 
present  in  the  cooling  cylinder  20  can  protect  the  elec- 
trodes  19  from  heat  while  the  current  is  being  applied 
thereto.  On  the  other  hand,  when  no  current  is  being 
applied,  i.e.,  when  no  heat  is  supplied  from  each  elec- 
trode  19  to  a  mold  25,  the  temperature  of  each  elec- 
trode  1  9  is  allowed  to  become  lower,  as  compared  with 
applying  the  current  thereto,  thereby  allowing  each  of 
the  electrodes  19  itself  to  function  as  a  cooling  stick. 
[0053]  As  shown  in  Figures  1  to  3,  the  mold  25  and  the 
upper  and  lower  punches  26  and  27  are  disposed  in  the 
vacuum  chamber  7,  although  not  shown  in  the  draw- 
ings.  (In  Figures  1-3,  the  upper  and  lower  punches  26 
and  27  are  omitted.) 
[0054]  The  mold  25  may  be  provided  with  the  function 
of  accommodating  powder  material  28  as  a  sintering 
material,  such  as  copper,  aluminum  or  superhard  pow- 
der  (WC-10CO).  At  this  end,  the  mold  25  may  be  of  a 
cylindrical,  e.g.,  tubular,  structure  made  of  graphite,  car- 
bon,  or  the  like,  as  shown  in  Figure  8.  In  the  vacuum 
chamber  7,  the  mold  25  is  disposed  so  as  for  its  axis  to 
be  directed  in  vertical  directions,  and  the  peripheral  side 
surface  of  the  mold  25  assumes  the  mode,  as  shown  in 
Figure  8,  in  which  all  the  groups  of  the  pairs  of  the  elec- 
trodes  19  are  disposed  so  as  to  move  closer  to  the  radi- 
ally  central  portion  of  the  vacuum  chamber  7  and  that 
each  of  the  top  portions  21  thereof  comes  to  contact 
with  the  peripheral  side  surface  of  the  mold  25.  The 
shifting  of  the  shift  unit  31  then  allows  each  group  of  the 
pair  of  the  electrodes  19  to  alternately  apply  the  current 
(as  indicated  by  broken  line  in  Figure  8)  to  the  mold  25. 
[0055]  The  upper  punch  26  is  displaceably  engaged 
with  the  inner  peripheral  surface  of  the  mold  25  from  the 
above  while  maintaining  its  liquid  tight  state.  On  the 
other  hand,  the  lower  punch  27  is  displaceably  engaged 
with  the  inner  peripheral  surface  of  the  mold  25  from  the 
below  while  maintaining  its  liquid  tight  state  (see  Figure 
7).  In  the  vacuum  chamber  7,  the  mold  25  is  set  on  the 
mold  lift  bar  4  through  the  lower  punch  27,  and  the  mold 
pressing  bar  12  applies  the  force  for  applying  pressure 
to  the  upper  punch  26. 
[0056]  As  shown  in  Figure  9,  the  vacuum  chamber  7 
is  provided  with  an  insertion  hole  46  through  which  a 
temperature  detector  45  is  inserted.  The  temperature 
detector  45  comprises  a  shaft  section  40,  a  carbon  sec- 
tion  47  (which  may  otherwise  be  made  of  graphite  or  the 
like)  disposed  at  a  tip  portion  of  the  shaft  section  40,  a 
thermocouple  44  extending  from  a  base  end  side  of  the 
shaft  section  40  into  the  carbon  section  47.  The  temper- 
ature  detector  45  can  measure  the  temperature  of  the 
mold  25  by  allowing  the  carbon  section  47  (which  may 
otherwise  be  made  of  graphite  or  the  like)  to  contact 
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with  the  side  surface  of  the  mold  25. 
[0057]  At  the  outer  periphery  of  the  shaft  section  40  of 
the  temperature  detector  45  is  engaged  a  piston  (a  ring- 
shaped  member)  41  which  in  turn  is  slidably  engaged  in 
a  cylinder  42  fixed  to  the  vacuum  chamber  7  and  which 
defines  the  cylinder  42  into  two  compartments  into 
which  compressed  air  is  supplied  or  from  which  it  is  dis- 
charged.  By  supplying  compressed  air  to  the  two  com- 
partments  or  discharging  it  therefrom,  the  shaft  section 
40  can  be  displaced  in  the  axial  direction,  and  the  car- 
bon  section  47  can  come  into  contact  with  the  periph- 
eral  side  surface  of  the  mold  25  disposed  in  the  vacuum 
chamber  7.  In  the  drawing,  reference  numeral  43 
denotes  a  packing  having  an  insulating  property. 
[0058]  Then,  a  description  will  be  made  of  a  sintering 
method  according  to  the  present  invention,  together 
with  the  action  of  the  sintering  apparatus. 
[0059]  First,  as  shown  in  Figure  7,  the  mold  25  is  filled 
with  powder  material  28  (in  this  embodiment,  the  pow- 
der  material  may  include  copper  powder),  and  the  pow- 
der  material  28  is  placed  in  a  space  of  the  mold  between 
the  upper  and  lower  punches  26  and  27,  respectively. 
[0060]  Then,  as  shown  in  Figure  3,  the  mold  25  is 
clamped  with  the  upper  and  lower  punches  26  and  27, 
respectively,  by  means  of  the  mold  lift  bar  4  and  the 
mold  pressing  bar  12.  The  electrodes  19  are  brought 
into  contact  with  the  side  surface  of  the  mold  25.  This 
concludes  the  setting  of  the  sintering  process. 
[0061  ]  Thereafter,  the  air  is  sucked  from  the  vacuum 
chamber  7  to  start  making  the  inside  thereof  vacuum 
and  the  mold  pressing  bar  12  is  lowered  by  the  cylinder 
unit  11.  Then,  the  upper  and  lower  punches  26  and  27, 
each  made  of  ceramics  material,  start  applying  a  large 
amount  of  pressure  to  the  powder  material  28. 
[0062]  Then,  as  a  predetermined  period  of  time  (e.g., 
30  seconds)  elapses  from  the  start  of  the  sintering  proc- 
ess,  voltage  is  applied  to  the  one  group  of  the  pair  of  the 
electrodes  1  9a  and  1  9b  and  a  current  flows  from  the 
electrode  19a  on  the  one  side  through  the  mold  25  to 
the  electrode  1  9b  on  the  other  side,  thereby  allowing  the 
pair  of  the  electrodes  19a  and  19b  to  apply  a  current  to 
the  mold  25.  By  applying  the  current  thereto,  Joule  heat 
is  given  the  mold  25  and  is  supplied  to  the  powder  mate- 
rial  28  in  a  pressurized  state.  As  a  result,  as  shown  in 
Figure  10,  the  rise  of  the  temperature  of  the  mold  25  at 
each  position  becomes  higher  in  the  order  of  positions 
P4,  P3,  P2  and  P1. 
[0063]  As  the  temperature  of  the  mold  25  in  the  posi- 
tion  P1  reaches  a  third-quarter  rate  of  the  sintering  tem- 
perature,  e.g.,  approximately  700  °C  (in  this 
embodiment,  the  sintering  temperature  is  adjusted  to 
reach  approximately  900  °C  by  adjusting  the  pressu- 
rized  state  of  the  powder  material  28),  the  shift  unit  31  is 
controlled  in  such  a  way  that  a  voltage  is  applied  to  the 
other  group  of  the  pair  of  the  electrodes  19c  and  19d,  in 
place  of  the  one  group  of  the  pair  of  the  electrodes  19a 
and  19b.  This  operation  causes  a  gradient  of  the  tem- 
perature  in  the  positions  P1  and  P2  to  be  directed  in  a 

downward  direction,  as  shown  in  Figure  10.  On  the 
other  hand,  the  pair  of  the  electrodes  1  9c  and  1  9d  apply 
the  current  to  the  mold  25,  thereby  allowing  a  gradient  of 
elevation  of  the  temperature  of  the  mold  25  in  the  posi- 

5  tions  P3  and  P4  to  become  higher.  As  a  consequence, 
the  temperature  in  each  position  of  the  mold  25 
becomes  higher  in  the  order  of  the  positions  P2,  P1  ,  P4 
and  P3. 
[0064]  Then,  the  shift  unit  31  is  shifted  in  a  while  to 

10  apply  a  voltage  again  to  the  pair  of  the  electrodes  19a 
and  1  9b,  thereby  making  the  temperature  of  the  mold  25 
in  the  positions  P1  and  P2  higher  than  in  the  positions 
P3  and  P4.  Thereafter,  the  such  operation  for  shifting 
the  temperature  of  the  mold  25  is  repeated  at  small 

15  intervals  in  the  manner  as  shown  in  Figure  10. 
[0065]  By  alternately  applying  the  current  to  the  mold 
25  by  means  of  two  groups  of  the  pairs  of  the  electrodes 
19a  and  19b  as  well  as  19c  and  19d,  respectivedly,  a 
maximum  temperature  difference  among  the  positions 

20  of  the  mold  25  becomes  gradually  smaller  and  eventu- 
ally  reaches  the  sintering  temperature,  as  shown  in  Fig- 
ure  9  (in  this  embodiment,  approximately  900  °C).  At 
this  point,  the  maximum  temperature  difference  is 
reduced  to  a  level  as  small  as  20-3  °C.  It  is  to  be  noted 

25  herein  that  the  figure  indicated  in  Figure  1  0  represents 
the  temperature  difference  at  each  point. 
[0066]  Then,  the  mold  25  is  maintained  at  the  sinter- 
ing  temperature  for  a  predetermined  period  of  time,  fol- 
lowed  by  suspending  the  application  of  the  current  to 

30  the  electrodes  19  (in  the  state  as  shown  in  Figure  4), 
thereby  cooling  the  mold  25  by  means  of  the  electrodes 
1  9a,  1  9b,  1  9c  and  1  9d  serving  as  cooling  bars. 
[0067]  As  the  temperature  of  the  mold  25  is  lowered 
to  a  predetermined  discharging  temperature  (in  this 

35  embodiment,  approximately  200  °C),  the  application  of 
the  pressure  by  means  of  the  upper  and  lower  punches 
26  and  27  is  suspended.  At  the  same  time,  the  lid  mem- 
ber  9  of  the  vacuum  chamber  7  is  opened  by  the  cylin- 
der  unit  1  7  to  discharge  the  mold  25  from  the  vacuum 

40  chamber  7  by  means  of  the  mold  lift  bar  4,  as  shown  in 
Figure  2.  Thereafter,  a  sintered  article  as  a  product  is 
discharged  from  the  mold  25,  and  the  mold  25  is  trans- 
ferred  for  reuse  in  another  sintering  process. 
[0068]  Figure  1  1  shows  a  second  embodiment  of  the 

45  present  invention;  Figure  12  a  third  embodiment 
thereof;  Figure  13  a  fourth  embodiment  thereof  ;  Figures 
14-17  a  fifth  embodiment  thereof;  and  Figure  18  a  sixth 
embodiment  thereof.  In  each  of  the  second-sixth 
embodiments,  the  same  structuring  elements  as  in  the 

so  first  embodiment  thereof  are  provided  with  the  same  ref- 
erence  numerals. 
[0069]  The  second  embodiment  as  shown  in  Figure 
1  1  is  a  variation  of  a  control  example  for  elevating  the 
temperature  of  the  mold  25  (the  powder  material  28)  up 

55  to  the  sintering  temperature.  In  the  second  embodi- 
ment,  the  current  is  applied  alternately  to  each  of  the 
groups  of  the  pairs  of  the  electrodes  19a  and  19b  as 
well  as  19c  and  19d  piecemeal  at  a  short  time  interval 
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from  the  start  of  applying  the  current  thereto. 
[0070]  This  embodiment  can  make  the  temperature 
difference  in  the  mold  25  at  the  time  of  sintering 
extremely  small,  as  shown  in  Figure  1  1  . 
[0071]  The  third  embodiment  as  shown  in  Figure  12  is 
another  variation  of  a  control  example  for  elevating  the 
temperature  of  the  mold  25  (the  powder  material  28)  up 
to  the  sintering  temperature.  In  the  third  embodiment, 
the  current  is  first  applied  to  the  one  group  of  the  pair  of 
the  electrodes  1  9a  and  1  9b  only  until  the  temperature  of 
the  mold  25  in  the  positions  P1  and  P2  is  rapidly  raised 
to  the  level  close  to  the  sintering  temperature.  Thereaf- 
ter,  the  current,  is  alternately  applied  to  each  of  the 
groups  of  the  pairs  of  the  electrodes  19a  and  19b  as 
well  as  to  1  9c  and  1  9d  piecemeal  at  a  short  time  inter- 
val,  in  order  to  adjust  the  elevation  of  the  temperature  in 
the  mold  25. 
[0072]  This  embodiment  can  make  the  local  tempera- 
ture  difference  small  at  the  portion  of  the  mold  25  at  the 
time  of  sintering  as  well  as  shorten  the  treatment  period 
of  time  up  to  the  sintering  point  at  which  the  sintering  is 
effected. 
[0073]  The  fourth  embodiment  as  shown  in  Figure  13 
is  configured  such  that,  in  order  to  shift  the  contact 
points  at  which  a  pair  of  the  electrodes  contact  with  the 
mold  for  applying  the  current  thereto  from  the  corre- 
sponding  pair  thereof,  two  groups  of  the  pairs  of  the 
opposing  electrodes  19a  and  19b  as  well  as  19c  and 
1  9d  are  disposed  on  the  periphery  of  the  mold  25  and 
the  group  consisting  of  the  pair  of  the  opposing  elec- 
trodes  1  9a  and  1  9b  or  1  9c  and  1  9d  are  moved  so  as  to 
alternately  contact  with  or  separate  apart  from  the  side 
surfaces  of  the  mold  25.  In  this  case,  as  a  matter  of 
course,  a  voltage  is  applied  to  the  pair  of  the  electrodes 
1  9  which  contact  with  the  side  surfaces  of  the  mold  25, 
and  the  movement  of  the  electrodes  19  can  be  control- 
led  by  means  of  a  control  unit,  although  not  shown  in  the 
drawing. 
[0074]  This  embodiment  can  perform  the  like  action 
and  effects  as  achieved  by  the  first  embodiment. 
[0075]  The  fifth  embodiment  as  shown  in  Figures  14 
to  17  is  configured  such  that  a  period  of  time  during 
which  no  current  is  being  applied  partially  is  set  during 
the  step  of  sintering  by  applying  the  current  thereto. 
[0076]  In  the  fifth  embodiment,  the  vacuum  chamber 
7  is  provided  with  two  insertion  holes  18  in  the  opposite 
positions,  and  the  electrodes  19a  and  19b  are  inserted 
into  the  respective  insertion  holes  18.  To  each  of  the 
electrodes  19a  and  19b  is  connected  an  electric  power 
22  through  a  shift  unit  31  .  A  terminal  37  (38)  of  the  elec- 
tric  power  22  is  connected  to  or  disconnected  from  a 
connecting  terminal  33  (35)  of  the  shift  unit  31  on  the 
basis  of  the  activation  of  an  actuator  36  of  the  shift  unit 
31. 
[0077]  To  each  of  the  electrodes  1  9a  and  1  9b  is  con- 
nected  a  gas  cylinder  unit  23  fixed  by  means  of  a  fixing 
means,  although  not  shown.  Each  of  the  gas  cylinder 
units  23  is  connected  to  a  changeover  valve  52  (of  an 

electromagnetic  type)  through  a  feed  tube  51a  and  a 
discharge  tube  51b.  To  the  changeover  valve  52  is  in 
turn  connected  a  compressor  53  functioning  as  a 
source  for  compressed  air.  Compressed  air  is  supplied 

5  from  the  compressor  53  to  each  of  the  gas  cylinder  units 
23  through  the  changeover  valve  52,  and  the  com- 
pressed  air  is  discharged  from  each  of  the  gas  cylinder 
units  23  by  means  of  the  changeover  valve  52.  This  con- 
figuration  allows  each  of  the  electrodes  19  to  come 

10  closer  to  or  separate  apart  from  the  side  surface  of  the 
mold  25. 
[0078]  As  shown  in  Figure  1  5,  the  mold  25  in  the  vac- 
uum  chamber  7  has  two  groups  of  pairs  of  flat  contact 
surfaces  54  on  its  side  surface  (its  outer  side  surfaces), 

15  each  group  consisting  of  a  pair  of  the  flat  contact  sur- 
faces  54.  One  group  of  the  pair  of  the  flat  contact  sur- 
faces  54  out  of  the  two  groups  thereof  is  located  in  a 
region  in  which  the  corresponding  electrodes  19  can  be 
moved.  On  sintering  by  applying  the  current  to  the  mold 

20  25,  the  tip  portion  of  the  electrode  1  9  is  allowed  to  con- 
tact  with  the  corresponding  flat  contact  surface  54  in 
order  to  avoid  a  local  contact  as  much  as  possible. 
[0079]  As  shown  in  Figure  15,  in  this  embodiment,  the 
mold  25  is  loaded  with  a  split  mold  55  consisting  of  a 

25  plurality  of  divided  mold  sections.  The  divided  mold  sec- 
tions  of  the  split  mold  55  we  provided  with  a  plurality  of 
holes  56  which  are  filled  with  the  powder  material  28. 
The  powder  material  28  filled  therein  is  pressed  by 
means  of  the  upper  and  lower  punches  26  and  27  in 

30  order  to  provide  the  powder  material  28  with  pressure. 
Each  of  the  upper  and  lower  punches  26  and  27  is  pro- 
vided  with  an  insulating  material  57  having  resistance  to 
heat  (i.e.,  a  ceramics  material  such  as  silicon  nitride, 
etc.),  as  shown  in  Figure  16,  by  taking  advantage  of  the 

35  fact  that  the  upper  and  lower  punches  26  and  27  are  not 
required  to  have  the  function  of  applying  the  current  to 
the  mold  25.  The  insulating  material  57  can  present  the 
effect  of  efficiently  controlling  the  heat  of  the  mold  25 
from  leaking  outside  through  the  powder  material  28 

40  and  the  upper  and  lower  punches  26  and  27. 
[0080]  As  shown  in  Figure  1  4,  the  actuator  36  and  the 
changeover  valve  52  are  controlled  by  a  control  unit  U. 
The  control  unit  U  can  basically  provide  the  functions  of 
activating  the  actuator  36  to  allow  the  terminal  37  (38)  of 

45  the  direct  current  power  source  22  to  contact  with  a  con- 
necting  terminal  33  (35)  of  the  shift  unit  31  to  apply  volt- 
age  to  each  of  the  electrodes  19  when  the  sintering  is 
carried  out  by  applying  the  current  to  the  mold  25.  At  the 
same  time,  the  control  unit  U  activates  the  gas  cylinder 

so  unit  23  by  controlling  the  changeover  valve  52  and 
allows  the  tip  portion  21  of  each  of  the  electrodes  19a 
and  1  9b  to  contact  with  the  side  surface  of  the  mold  25. 
When  the  sintering  starts  on  applying  the  current  to  the 
mold  25  after  contact  of  the  electrodes  1  9a  and  1  9b  with 

55  the  mold  25,  the  temperature  at  each  of  the  positions 
(P1  and  P2  in  Figure  15)  of  the  mold  25  starts  elevating 
gradually  in  the  manner  as  shown  in  Figure  17  and 
transmitting  heat  to  the  powder  material  28  in  the  mold 
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25. 
[0081  ]  In  this  case,  there  is  the  tendency  that  a  portion 
of  the  mold  25  may  locally  become  higher  in  a  speed  of 
the  elevation  of  temperature  than  the  other  portions 
thereof  due  to  the  limitations  to  the  small  contact  face  s 
between  the  side  surface  of  the  mold  25  and  each  of  the 
electrodes  19  or  a  processing  precision  for  processing 
the  side  surface  of  the  mold  25  or  for  the  material  (e.g., 
graphite)  of  the  mold  25  or  for  other  reasons.  The  local 
occurrence  of  the  portion  in  the  mold  25  where  the  tern-  10 
perature  arises  faster  than  the  other  may  lead  to  the  fact 
that  a  temperature  difference  in  the  mold  25  may 
become  gradually  larger  as  time  elapses  (as  indicated 
in  Figure  17  by  temperature  characteristic  line  (includ- 
ing  dot-dash  line)  in  the  position  P1  of  the  mold  25  and  is 
by  temperature  characteristic  line  in  the  position  P3  of 
the  mold  25). 
[0082]  In  order  to  avoid  this,  this  embodiment  of  the 
present  invention  is  configured  in  such  a  manner  that 
the  application  of  the  current  to  the  mold  25  is  partially  20 
suspended  several  times  at  the  time  of  a  rise  of  the  tem- 
perature  during  the  step  of  sintering  by  applying  the  cur- 
rent  thereto.  Although  the  period  of  time  during  which 
the  application  of  the  current  is  suspended  may  be  set 
optionally,  it  is  preferred  that  the  period  of  time  may  be  25 
set  so  as  for  the  elevation  of  temperature  at  the  portion 
of  the  mold  25  where  the  temperature  is  lower  than  all 
the  other  portions  to  fail  to  turn  lowering.  More  specifi- 
cally,  the  suspending  period  of  time  may  range  from, 
e.g.,  5  seconds  to  20  seconds.  30 
[0083]  As  shown  in  Figure  1  7,  by  intermittently  sus- 
pending  the  application  of  the  current  to  the  mold  25, 
the  heat  in  the  position  P1  of  the  mold  25  is  allowed  to 
be  transmitted  to  the  other  portions  where  the  tempera- 
ture  is  lower,  and  as  a  consequence  a  temperature  dif-  35 
ference  in  the  mold  25  between  the  portion  where  the 
temperature  is  higher  and  the  portion  where  it  is  lower 
may  become  smaller.  The  temperature  difference  can 
be  made  effectively  smaller  by  increasing  times  of  sus- 
pending  the  application  of  the  current  to  the  mold  25.  40 
The  effects  to  be  provided  by  making  the  temperature 
difference  smaller  are  indicated  by  differences  DO,  D1 
and  D2  in  Figure  1  7.  The  differences  DO  as  indicated  by 
two-dots-dash  line,  D1  as  indicated  by  a  dot-dash  line, 
and  D2  as  indicated  by  solid  line,  represent  temperature  45 
differences  from  the  line  P3  which  indicates  the  case 
where  no  application  of  a  current  is  suspended. 
[0084]  It  is  further  noted  herein  that,  on  suspending 
the  application  of  the  current  to  the  mold  25,  the  elec- 
trode  1  9a  (1  9b)  can  be  separated  apart  from  the  side  so 
surface  of  the  mold  25,  in  addition  to  the  structure  in 
which  the  upper  and  lower  punches  26  and  27  are  pro- 
vided  each  with  the  insulating  material  57,  so  that  the 
heat  in  the  mold  25  and  the  powder  material  28,  in  par- 
ticular  the  heat  at  the  portion  of  the  mold  25  where  the  55 
temperature  is  higher,  can  be  prevented  from  being 
leaked  toward  the  outside.  Therefore,  the  heat  in  the 
mold  25  and  so  on  can  be  greatly  utilized  effectively  for 

leveling  the  temperature  in  the  mold  25. 
[0085]  The  sixth  embodiment  of  the  present  invention 
as  shown  in  Figure  18  is  a  variation  of  the  fifth  embodi- 
ment,  in  which  the  electrode  1  9a  or  1  9b  is  stayed  in  con- 
tact  with  the  side  surface  of  the  mold  25  upon  partially 
suspending  the  application  of  the  current  to  the  mold  25 
during  the  step  of  sintering  by  applying  the  current 
thereto. 
[0086]  Each  of  the  electrodes  19a  and  19b  to  be  uti- 
lized  for  the  sixth  embodiment  may  be  of  a  two-part 
structure  consisting  of  a  tip  part  21  and  a  main  body 
part  58.  The  tip  part  21  of  each  of  the  electrodes  19a 
and  19b  is  formed  on  its  rear  end  side  with  a  relatively 
long  engagement  hole  59  with  which  is  slidably 
engaged  a  tip  portion  58a  of  the  main  body  part  58  with 
a  male  screw  formed  in  order  to  reduce  a  contact  area. 
Between  a  bottom  surface  of  the  engagement  hole  59  of 
the  tip  portion  21  and  the  tip  end  surface  of  the  tip  por- 
tion  58a  thereof  is  interposed  a  heat-resistant  coil 
spring  60.  The  coil  spring  60  is  configured  such  that, 
when  an  external  force  is  applied  thereto,  it  serves  as 
separating  the  bottom  surface  of  the  engagement  hole 
59  in  the  tip  portion  21  from  the  tip  end  surface  of  the  tip 
portion  58a  thereof,  thereby  forming  a  space  area  61 
between  the  tip  portion  21  and  the  main  body  part  58. 
[0087]  On  using  the  electrodes  19a  and  19b,  the  tip 
portion  21  of  them  is  allowed  to  contact  with  the  side 
surface  of  the  mold  25  by  means  of  the  gas  cylinder  unit 
23  during  a  period  of  time  of  applying  the  current  to  the 
mold  25.  At  the  same  time,  the  bottom  surface  of  the 
engagement  hole  59  in  the  tip  portion  21  is  allowed  to 
contact  with  the  tip  end  surface  58a  of  the  main  body 
part  58.  This  configuration  can  apply  the  current  to  the 
mold  25  through  the  main  body  part  58  and  the  tip  por- 
tion  21  . 
[0088]  On  the  other  hand,  when  the  application  of  the 
current  is  to  be  partially  suspended  during  the  step  of 
sintering  by  applying  the  current,  the  pressing  force  of 
the  gas  cylinder  unit  23  is  weakened  and  the  tip  portion 
21  of  the  electrode  19a  (19b)  is  stayed  in  contact  with 
the  side  surface  of  the  mold  25,  while  the  bottom  sur- 
face  of  the  engagement  hole  59  in  the  tip  portion  21  is 
allowed  to  separate  apart  from  the  tip  end  surface  of  the 
tip  part  58a  of  the  main  body  part  58  to  form  the  space 
area  61  that  serves  as  an  insulating  area.  Thus,  the 
space  area  61  can  control  the  heat  in  the  mold  25  and 
the  like  from  leaking  away  toward  the  outside  through 
the  electrodes  1  9a  and  1  9b. 
[0089]  The  seventh  embodiment  of  the  present  inven- 
tion  is  a  variation  of  the  first  embodiment  in  which  two 
groups  of  the  electrodes  19a  and  19b  as  well  as  19c 
and  19d,  which  can  be  shifted,  are  provided  (as  shown 
in  Figure  4)  and  the  application  of  the  current  is  sus- 
pended  in  association  with  the  shifting  of  the  two  groups 
of  the  electrodes  19c  and  19d  as  well  as  19c  and  19d. 
[0090]  In  this  embodiment,  each  of  the  electrodes  19a 
and  1  9b  (1  9c  and  1  9d)  may  be  disposed  so  as  to  sepa- 
rate  apart  from  the  side  surface  of  the  mold  25  upon 
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suspending  the  application  of  the  current  thereto,  as  in 
the  fifth  embodiment,  or  so  as  to  form  the  space  area  61 
in  each  of  the  electrodes,  while  the  electrodes  19a  and 
1  9b  (1  9c  and  1  9d)  are  in  contact  with  the  side  surface  of 
the  mold  25,  as  in  the  sixth  embodiment. 
[0091]  In  each  of  the  above  embodiments,  a  descrip- 
tion  of  an  insulating  material  is  omitted  for  brevity  of 
explanation.  It  is  to  be  noted  herein,  however,  that  an 
insulating  material  such  as  Teflon®  or  bakelite  may  be 
used  at  an  appropriate  location  or  for  an  appropriate 
element  (or  member),  in  order  to  cause  no  leakage  of  a 
current  or  for  other  reasons. 
[0092]  Although  the  present  invention  has  been 
described  with  reference  to  the  embodiments  as 
described  above,  it  is  understood  that  the  present  inven- 
tion  encompasses  within  the  scope  and  spirit  of  the 
invention  illustrative  embodiments  as  will  be  described 
hereinafter. 

(1)  In  order  to  shift  contact  points  of  a  mold  with 
which  a  pair  of  electrodes  contact  for  applying  a 
current  thereto,  a  pair  of  the  electrodes  19  may  be 
disposed  on  the  periphery  of  the  mold  25.  The  pair 
of  the  electrodes  1  9  may  be  rotated  relatively  to  the 
mold  25  by  means  of  a  relative  rotation  means  and 
deviated  from  their  original  positions  by  a  predeter- 
mined  distance  in  the  peripheral  direction  of  the 
mold  25  as  time  elapses.  The  relative  rotation 
means  may  be  preferably  configured  in  such  a 
manner  that  it  rotates  coaxially  about  the  mold  lift 
bar  4,  i.e.  it  acts,  for  example,  as  a  turn  table.  This 
embodiment  can  perform  the  action  and  effects  as 
can  be  achieved  particularly  by  the  first  and  fourth 
embodiments,  in  addition  to  the  effect  that  the 
number  of  electrodes  can  be  minimized. 
(2)  A  thermocouple  may  be  installed  in  the  inside  of 
the  electrode  19,  and  the  electrode  19  is  allowed  to 
contact  with  the  side  surface  of  the  mold  25, 
thereby  enabling  the  temperature  of  the  mold  25  to 
be  detected  with  ease. 
(3)  In  place  of  the  cooling  cylinder  20,  a  cooling 
path  may  be  formed  within  the  electrode  19.  By 
passing  a  cooling  medium  through  the  cooling  path, 
the  number  of  parts  can  be  reduced  while  perform- 
ing  cooling  effects  as  can  be  achieved  by  the  dispo- 
sition  of  the  cooling  cylinder  20. 
(4)  The  number  of  partially  suspending  the  applica- 
tion  of  the  current  can  be  limited  to  one  during  the 
step  of  sintering  by  applying  the  current  to  the  mold 
25. 
(5)  In  each  of  the  fifth,  sixth  and  seventh  embodi- 
ments,  the  application  of  the  current  to  the  mold  25 
may  be  suspended  as  the  temperature  difference  at 
each  portion  of  the  mold  25  reaches  a  predeter- 
mined  level.  This  embodiment  can  prevent  the  tem- 
perature  difference  in  the  mold  from  becoming  too 
big.  In  this  case,  as  a  matter  of  course,  the  temper- 
ature  at  each  portion  of  the  mold  25  can  be 

detected  by  using  the  temperature  detector  45  or 
other  means,  information  on  the  temperature 
detected  is  inputted  into  the  control  unit  U,  and  the 
control  unit  U  is  controlled  on  the  basis  of  the  infor- 

5  mation  on  the  temperature  inputted. 

Claims 

1.  A  sintering  method  for  sintering  a  powder  material 
10  in  a  mold  by  applying  a  current  to  a  cylinderical 

mold  for  accommodating  said  powder  material 
under  a  pressured  condition  in  such  a  state  in  which 
a  pair  of  electrodes  are  in  contact  with  a  side  sur- 
face  of  said  cylindrical  mold  with  the  powder  mate- 

15  rial  filled  in  said  cylindrical  mold  and  heat  is 
supplied  to  the  powder  material  in  said  mold; 
wherein: 

contact  points  of  said  mold  at  which  said  pair  of 
20  electrodes  contact  with  side  surfaces  of  said 

mold  are  located  so  as  to  vary  with  time. 

2.  The  sintering  method  as  claimed  in  claim  1, 
wherein: 

25 
three  or  more  electrodes  are  disposed  in  a 
peripherally  spaced  relationship  on  a  periphery 
of  said  mold;  and 
two  optional  electrodes  are  selected  from  said 

30  three  or  more  electrodes  as  time  elapses,  to 
form  said  pair  of  electrodes. 

3.  The  sintering  method  as  claimed  in  claim  1, 
wherein: 

35 
a  group  of  a  pair  of  electrodes  is  disposed  on  a 
periphery  of  said  mold;  and 
said  group  of  said  pair  of  electrodes  is  deviated 
in  a  peripheral  direction  of  said  mold  relative  to 

40  said  mold,  as  time  elapses. 

4.  The  sintering  method  as  claimed  in  claim  2, 
wherein: 

45  said  three  or  more  electrodes  are  all  in  contact 
with  the  side  surfaces  of  said  mold;  and 
said  two  optional  electrodes  are  selected  by 
shifting  application  of  a  current  thereto. 

so  5.  The  sintering  method  as  claimed  in  claim  2, 
wherein: 

said  two  optional  electrodes  are  selected  by 
causing  said  electrodes  to  contact  with  or  sep- 

55  arate  apart  from  the  side  surfaces  of  said  mold. 

6.  The  sintering  method  as  claimed  in  claim  4, 
wherein: 
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two  groups  each  composed  of  a  pair  of  elec- 
trodes  are  selected  from  said  three  or  more 
electrodes;  and 
said  two  groups  of  pairs  of  electrodes  are  dis- 
posed  so  as  for  a  virtual  line  connecting  said 
pair  of  electrodes  of  a  one  group  of  a  pair  of 
electrodes  to  each  other  to  intersect  another 
virtual  line  connecting  another  group  of  a  pair 
of  electrodes  to  each  other;  and 
a  current  is  alternately  applied  to  said  groups  of 
pairs  of  electrodes. 

7.  The  sintering  method  as  claimed  in  claim  6, 
wherein: 

said  one  group  of  a  pair  of  electrodes  selected 
from  said  two  groups  of  pairs  of  electrodes  is 
applied  with  a  current  at  an  initial  time  of  apply- 
ing  the  current  thereto  to  allow  temperature  of 
said  mold  to  reach  a  predetermined  tempera- 
ture;  and 
the  current  is  then  intermittently  applied  at  a 
short  time  interval  alternately  to  each  of  said 
two  groups  of  pairs  of  electrodes. 

8.  A  sintering  method  for  sintering  a  powder  material 
in  a  mold  by  applying  a  current  to  a  cylindrical  mold, 
wherein  application  of  the  current  for  sintering  said 
powder  material  is  partially  suspended. 

9.  The  sintering  method  as  claimed  in  claim  8, 
wherein: 

said  sintering  the  step  of  applying  heat  to  said 
powder  material  in  said  mold  by  applying  the 
current  to  said  mold  while  a  pair  of  electrodes 
are  in  contact  with  a  side  surface  of  said  mold 
with  said  powder  material  filled  therein  under  a 
pressurized  condition. 

10.  The  sintering  method  as  claimed  in  claim  9, 
wherein: 

said  pair  of  electrodes  are  separated  apart 
from  the  side  surface  of  said  mold  upon  sus- 
pending  the  application  of  the  current  for  sinter- 
ing  said  powder  material. 

11.  The  sintering  method  as  claimed  in  claim  9, 
wherein: 

each  of  said  electrodes  is  disposed  so  as  for  a 
tip  portion  thereof  to  come  closer  to  or  separate 
apart  from  a  main  body  in  such  a  manner  that, 
when  the  tip  portion  of  said  each  of  said  elec- 
trodes  is  separated  apart  from  said  main  body, 
a  space  area  is  formed  between  the  tip  portion 
of  said  each  of  said  electrodes  and  said  main 

body;  and 
on  suspending  the  application  of  the  current  for 
sintering  said  powder  material,  said  space  area 
is  formed  by  separating  the  main  body  of  said 

5  each  of  said  electrodes  apart  from  the  tip  por- 
tion  thereof  while  the  tip  portion  of  said  each  of 
said  electrodes  contacts  with  the  side  surface 
of  said  mold. 

10  12.  The  sintering  method  as  claimed  in  claim  9, 
wherein: 

said  three  or  more  electrodes  are  disposed  in  a 
peripherally  spaced  relationship  on  the  periph- 

15  ery  of  said  mold; 
two  optional  electrodes  are  selected  from  said 
three  or  more  electrodes  by  shifting  said  elec- 
trodes,  as  time  elapses,  to  form  said  pair  of 
electrodes;  and 

20  on  selecting  said  two  optional  electrodes  by 
shifting  said  electrodes,  a  period  of  time  for 
suspending  the  application  of  the  current  is 
provided  for  suspending  the  application  of  the 
current  for  sintering  said  powder  material. 

25 
13.  The  sintering  method  as  claimed  in  claim  9, 

wherein: 

said  mold  is  made  of  graphite. 
30 

14.  The  sintering  method  as  claimed  in  claim  9, 
wherein: 

the  application  of  the  current  is  suspended 
35  when  a  temperature  difference  between  two 

predetermined  positions  of  said  mold  reaches 
a  predetermined  temperature  difference  or 
larger. 

40  15.  The  sintering  method  as  claimed  in  claim  9, 
wherein: 

pressure  is  applied  to  said  powder  material  in  a 
state  in  which  heat  is  insulated  from  outside. 

45 
16.  The  sintering  method  as  claimed  as  any  one  of 

claims  8  to  15,  wherein: 

suspending  the  application  of  the  current  to 
so  said  mold  is  performed  plural  times. 

17.  A  sintering  apparatus  for  sintering  a  powder  mate- 
rial  filled  in  a  cylindrical  mold  for  accommodating 
said  powder  material  under  a  pressurized  condition 

55  by  applying  a  current  to  said  mold  with  a  pair  of 
electrodes  disposed  on  a  periphery  of  said  mold  in 
a  state  that  said  pair  of  electrodes  are  in  contact 
with  a  side  surface  of  said  mold  for  supplying  heat 
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to  said  mold;  wherein: wherein: 

plural  groups,  each  group  composed  of  said 
pair  of  electrodes,  are  disposed  in  contact  with 
the  peripheral  side  surface  of  said  mold  so  as  s 
to  alternately  apply  the  current  to  said  mold. 

18.  A  sintering  apparatus  for  sintering  a  powder  mate- 
rial  filled  in  a  cylindrical  mold  for  accommodating 
said  powder  material  under  a  pressurized  condition  w 
by  applying  a  current  to  said  mold  with  a  pair  of 
electrodes  disposed  on  a  periphery  of  said  mold  in 
a  state  that  said  pair  of  electrodes  are  in  contact 
with  a  side  surface  of  said  mold  for  supplying  heat 
to  said  mold;  wherein:  is 

plural  groups,  each  group  composed  of  a  pair 
of  electrodes,  are  disposed  on  the  periphery  of 
said  mold  so  as  to  alternately  come  into  con- 
tact  with  the  side  surface  of  said  mold;  and  the  20 
group  of  a  pair  of  electrodes  in  contact  with  the 
side  surface  of  said  mold  comprises  said  pair  of 
electrodes  for  applying  the  current  to  said 
mold. 

25 
19.  A  sintering  apparatus,  comprising: 

a  pair  of  electrodes  disposed  on  a  periphery  of 
a  cylindrical  mold  for  accommodating  a  powder 
material  under  a  pressurized  condition  for  30 
applying  heat  to  said  powder  material  by  apply- 
ing  a  current  to  said  mold; 
a  current-application  adjusting  means  for 
adjusting  application  of  the  current  to  said  pair 
of  electrodes  from  a  power  source;  and  35 
a  control  means  for  controlling  said  current- 
application  adjusting  means  to  assume  a  cur- 
rent-applying  state  at  a  usual  time  in  which  the 
current  is  applied  to  said  pair  of  electrodes  from 
the  power  source  and  a  current-application  40 
suspending  state  in  which  the  application  of  the 
current  to  said  pair  of  electrodes  is  partially 
suspended. 

20.  The  sintering  apparatus  as  claimed  in  claim  19,  45 
wherein: 

said  pair  of  electrodes  are  composed  of  a 
group  selected  from  said  plural  groups  of  pairs 
of  electrodes  which  are  disposed  so  as  to  be 
shifted  in  sequence.;  and 
a  control  means  is  set  so  as  to  perform  said 
current-application  suspending  state  by  con- 
trolling  said  current-application  adjusting 
means  when  it  is  judged  that  a  temperature  dif- 
ference  in  two  positions  out  of  said  plural  posi- 
tions  reaches  a  predetermined  temperature 
difference  or  larger  on  the  basis  of  a  signal 
from  said  mold  temperature  detecting  means. 

23.  The  sintering  apparatus  as  claimed  in  claim  19,  fur- 
ther  comprising: 

a  mold  temperature  detecting  means  for 
detecting  a  temperature  of  said  mold  in  plural 
positions;  wherein: 
a  control  means  is  set  so  as  to  perform  said 
current-application  suspending  state  by  con- 
trolling  said  current-application  adjusting 
means  when  it  is  judged  that  a  temperature  dif- 
ference  in  two  positions  out  of  said  plural  posi- 
tions  reaches  a  predetermined  temperature 
difference  or  larger  on  the  basis  of  a  signal 
from  said  mold  temperature  detecting  means. 

24.  The  sintering  apparatus  as  claimed  as  any  one  of 
claims  17  to  23,  wherein: 

a  temperature  detector  is  disposed  so  as  to 
contact  with  or  separate  apart  from  the  side 
surface  of  said  mold. 

25.  The  sintering  apparatus  as  claimed  as  any  one  of 
claims  17  to  23,  wherein: 

a  thermocouple  is  disposed  in  a  tip  portion  of 
said  electrode. 

pressure  is  applied  to  said  powder  material 
from  both  sides  of  said  mold  in  axial  directions 
of  said  mold  by  means  of  a  pressurizing  punch 
having  a  heat  insulating  layer. 

21.  The  sintering  apparatus  as  claimed  in  claim  19, 
wherein: 

said  mold  is  made  of  graphite. 

22.  The  sintering  apparatus  as  claimed  in  claim  19, 

50 

55 

14 



L U - U K E   1  



EP  0  963  804  A1 

F I G U R E   2  

16 



\  . 



EP  0  963  804  A1 



EP  0  963  804  A1 

F I G U R E   5  

3 7  
J   C 

r  
3 8  

- = - > —   3 2  

31  

3 3  

V—  3 4  

□  —   3 5  

-36  

F I G U R E   6  

37  
r  

r  
3 8  

3 2  

31 

3  —  -33  

■y—  3 4  

j — 3 5  

■36 

19 



EP  0  963  804  A1 

F I G U R E   7  

!0 









EP  0  963  804  A1 

TEMPERATURE 

c  
m 

24 



EP  0  963  804  A1 

F I G U R E   1 3  

25 



EP  0  963  804  A1 

6 



cr  0  963  804  A1 

H l r U R B   1 5  



EP  0  963  804  A1 

F I G U R E   1 7  

4 

TIME 

28 



EP  0  963  804  A1 

F I G U R E   1 8  

2 5   2 f  5 8 a   5 8 a   1 9 b  

6 0   61 

29 



EP  0  963  804  A1 

F I G U R E   1 9  

1 0 3 a ^ , ^  

1 0 2  

^ ^ ^ - < ^ 1 0 3 b  

30 



EP  0  963  804  A1 

F I G U R E   2 0  

1 0 2  

1 0 4 a  1 0 4 b  

F I G U R E   2 1  

SINTERING  T E M P E R A T U R E  
900  "C 

T E M P E R A T U R E  

|  D I F F E R E N C E  
4 2 0 ^ 0  

5  m i n  P O W E R  
O F F  

TIME 

31 



EP  0  963  804  A1 

INTERNATIONAL  SEARCH  REPORT  International  application  No. 
PCT/JP98/00195 

A.  CLASSIFICATION  OF  SUBJECT  MATTER 
Int.   CI*  B22F3/105 

According  to  International  Patent  Classification  (IPC)  or  to  both  national  classification  and  IPC 
i.  FIELDS  SEARCHED 
Minimum  documentation  searched  (classification  system  followed  by  classification  symbols) 

In t .C l '   B22F3/10-3/11,  3/12-3/14,   C04B35  /  64-35  /  645 

documentation  searched  other  than  minimum  documentation  to  the  extent  that  such  documents  are  included  in  the  tields  searched 
Jitsuyo  Shinan  Koho  1926-1997  Toroku  Jitsuyo  Shinan  Koho  1994-1997 
Kokai  Jitsuyo  Shinan  Koho  1971-1997  Jitsuyo  Shinan  Toroku  Koho  1996-1997 

ilectronic  data  base  consulted  during  the  international  search  (name  of  data  base  and,  where  practicable,  search  terms  used) 

1  DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category*  Citation  of  document,  with  indication,  where  appropriate,  of  the  relevant  passages  Relevant  to  claim  No. 

X  JP,  54-61077,  A  (  Inoue  Japax  Research  Inc  .  )  ,  8 
A  May  17,  1979  (17.  05.  79),  1-7,  9-25 

Claims  (Family:  none) 

X  JP,  5-117707,  A  (Kobe  Steel ,   Ltd . ) ,   8 
A  May  14,  1993  (14.  05.  93),  1-7,  9-25 

Claims  (Family:  none) 

A  JP,  62-10201,  A  (Tatsuro  Kuratomi),  1-25 
January  19,  1987  (19.  01.  87) ,  
Claim  2  (Family:  none) 

A  Microfilm  of  the  s p e c i f i c a t i o n   and  drawings  annexed  23-25 
to  the  request   of  Japanese  U t i l i t y   Model  A p p l i c a t i o n  
No.  17461/1990  (Laid-open  No.  111532/1991) 
(Isuzu  Motors  Ltd.  )  ,  November  14,  1991  (14.  11.  91) ,  
Claims  (Family:  none) 

PA  JP,  9-53103,  A  (K.K.  Akane),  1-25 
February  25,  1997  (25.  02.  97) ,  
Claims  (Family:  none) 

I  I  Further  documents  are  listed  in  the  continuation  of  Box  C.  [JJ  See  patent  family  annex. 

Special  categories  of  cited  documents:  T 
A"  document  defining  the  general  state  of  the  art  which  is  not 

considered  to  be  of  particular  relevance 
E"  earlier  document  but  published  on  or  after  the  international  filing  date  "X" 
L"  document  which  may  throw  doubts  on  priority  claim's)  or  which  is 

cited  to  establish  the  publication  date  of  another  citation  or  other 
special  reaaon  (as  specified)  V 

O"  document  referring  to  an  oral  disclosure,  use,  exhibition  or  other 
means 

P"  document  published  prior  to  the  international  filing  date  but  later  than 
the  priority  date  claimed 

■O" 

later  document  published  alter  trie  international  iuing  uaie  or  priority 
dale  and  not  in  conflict  with  the  application  but  cited  to  understand 
the  principle  or  theory  underlying  the  invention 
document  of  particular  relevance;  the  claimed  invention  cannot  be 
considered  novel  or  cannot  be  considered  to  involve  an  inventive  step 
when  the  document  is  taken  alone 
document  of  particular  relevance;  the  claimed  invention  cannot  be 
considered  to  involve  an  inventive  step  when  the  document  is 
combined  with  one  or  more  other  such  documents,  such  combination 
being  obvious  to  a  person  skilled  in  the  art 
document  member  of  the  same  patent  family 

Date  of  the  actual  completion  of  the  international  search  Date  of  mailing  of  the  international  search  report 
April  21,  1998  (21.  04.  98)  April  28,  1998  (28.  04.  98) 

Name  and  mailing  address  of  the  ISA/  Authorized  officer 
Japanese  Patent  O f f i c e  

Facsimile  No.  Telephone  No. 
Form  PCT/ISA/210  (second  sheet)  (July  1992) 

32 


	bibliography
	description
	claims
	drawings
	search report

