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Description 

TECHNICAL  FIELD 

This  invention  relates  to  a  sealing  member  for 
ferrofluid  seal  and  a  method  of  producing  the 
same,  more  specifically  to  a  sealing  member  which 
can  be  fabricated  by  bonding  a  sheet  of  elastic 
magnet  with  pole  piece-constituting  sheets,  and 
punching  the  resulting  laminate. 

TECHNICAL  BACKGROUND 

Sealing  devices  utilizing  ferrofluid  are  known  as 
described,  for  example,  in  Japanese  Patent  Pub- 
lication  No.  24585/1986.  Such  sealing  device  has 
an  annular  sealing  member  52  disposed  so  as  to 
surround  the  circumference  of  a  shaft  51  ,  as  shown 
in  Fig.  6.  This  sealing  member  52  consists  of  an 
annular  magnet  53  and  a  pair  of  pole  pieces  54,54 
bonded  onto  both  sides  of  the  annular  magnet  53, 
with  a  ferrofluid  55  being  interposed  between  the 
internal  circumferential  surfaces  of  the  annular  pole 
pieces  54,54  and  the  external  circumferential  sur- 
face  of  the  shaft  51,  whereby  to  function  as  a 
sealer. 

In  the  constitution  of  the  conventional  sealing 
member  52,  an  annular  magnet  53  and  annular 
pole  pieces  54,54  are  shaped  in  separate  steps, 
and  then  they  are  bonded  together,  owing  to  the 
reason  described  below.  Namely,  since  the  inner 
diametrical  size  of  the  sealing  member  52  is  a 
factor  which  defines  the  size  of  the  gap  between 
the  sealing  member  52  and  the  shaft  52  and  sig- 
nificantly  influences  the  sealing  performance  of  the 
sealing  device,  whereas  the  outer  diametrical  size 
of  the  sealing  member  52  is  a  factor  which  signifi- 
cantly  influences  the  assembling  feasibility  with  the 
member  for  fixing  the  sealing  member  52,  it  is 
necessary  to  maintain  the  inner  and  outer  diamet- 
rical  sizes  of  the  sealing  member  52  to  have  good 
accuracy.  However,  in  the  conventional  sealing 
member  52,  the  annular  pole  pieces  54,54  are 
formed  to  have  optimum  dimensional  accuracy, 
whereas  the  annular  magnet  53  is  formed  to  have 
an  inner  diametrical  size  of  slightly  greater  than 
that  of  the  annular  pole  pieces  54,  54  and  an  outer 
diametrical  size  of  slightly  smaller  than  that  of  the 
annular  pole  pieces  54,54,  whereby  the  internal 
and  external  circumferential  surfaces  of  the  annular 
magnet  53  are  adapted  not  to  extend  over  the 
internal  and  external  circumferential  surfaces  of  the 
respective  annular  pole  pieces  54,54,  correspond- 
ingly,  to  maintain  dimensional  accuracy. 

However,  even  in  such  sealing  members  as 
obtained  according  to  the  production  process  de- 
scribed  above,  sufficient  accuracy  may  sometimes 
not  be  attained  if  the  circumferential  surface  of  the 

annular  magnet  53  happens  to  extend  over  the 
circumferential  surfaces  of  the  annular  pole  pieces 
54,  54  during  the  bonding  operation.  The  above 
process  also  involves  a  problem  that  it  requires 

5  much  troubles  in  the  bonding  operation. 
This  invention  has  been  accomplished  for  the 

purpose  of  solving  the  above  problems  of  prior  art 
and  is  directed  to  provide  a  method  of  producing  a 
sealing  member  for  ferrofluid  seal  with  easier  pro- 

io  cedures  and  has  improved  dimensional  accuracy. 
The  invention  will  become  more  apparent  from 

the  following  description  of  embodiment. 
The  method  of  producing  the  sealing  member 

for  a  ferrofluid  seal  by  bonding  a  sheet  of  elastic 
75  magnet  with  pole  piece-constituting  sheets,  and 

forming  an  annular  member  to  fabricate  a  sealing 
member  comprising  an  annular  magnet  and  an- 
nular  pole  pieces,  is  characterized  in  that  the  lami- 
nate  of  elastic  magnet  and  pole  piece-constituting 

20  sheets  is  compressed  to  have  a  reduced  thickness 
and  an  increased  diameter  and  the  annular  sealing 
member  is  formed  by  punching  the  compressed 
laminate,  whereby  the  circumferential  surfaces  of 
the  annular  magnet  after  the  punching  operation 

25  and  after  release  of  the  compression  forces  are 
shifted  in  the  directions  to  recede  from  the  cor- 
responding  circumferential  surfaces  of  the  annular 
pole  pieces. 

Further,  in  the  above  method  of  producing  the 
30  sealing  member,  the  inner  circumferential  portion 

of  at  least  one  of  the  two  annular  pole  pieces  is 
preferably  designed  to  be  bent  inwardly  in  the 
direction  of  thickness  after  the  annular  magnet  is 
sandwiched  between  the  pair  of  annular  pieces. 

35  The  sealing  member  for  ferrofluid  seal  and  the 
method  of  producing  the  same  are  characterized 
by  the  functions  as  described  below.  Namely,  after 
completion  of  the  punching,  the  annular  magnet 
undergoes  contractive  deformation  due  to  its  elas- 

40  ticity  outwardly  along  the  inner  circumference  and 
inwardly  along  the  outer  circumference,  respec- 
tively,  and  thus  a  sealing  member  with  good  accu- 
racy  can  be  obtained  corresponding  to  the  accu- 
racy  of  the  punched  annular  pole  pieces.  Moreover, 

45  the  annular  magnet  and  the  annular  pole  pieces 
can  be  bonded  together  beforehand  to  require  only 
a  single  punching  operations  so  that  the  working 
efficiency  can  also  be  improved. 

Further,  since  the  bend  of  the  annular  pole 
50  piece  can  be  formed  to  define  a  space  correspond- 

ing  to  the  level  of  the  laterally  expanded  portion  of 
the  ferrofluid  to  require  no  extra  fitting  space  which 
must  otherwise  be  secured  due  to  the  lateral  ex- 
pansion  of  the  ferrofluid,  not  only  the  sealing  mem- 

55  ber  can  be  used  in  a  compact  state  but  the  assem- 
bling  feasibility  can  be  improved. 
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BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  shows  in  cross  section  the  major  part  of 
an  embodiment  of  the  sealing  member  for  ferrofluid 
seal  according  to  this  invention;  Figs.  2  to  5  show 
sequentially  an  exemplary  process  for  producing 
said  sealing  member;  and  Fig.  6  illustrates  an  em- 
bodiment  of  prior  art  sealing  member. 

An  embodiment  of  the  present  sealing  member 
for  ferrofluid  seal  and  a  method  of  producing  the 
same  will  be  described  below  specifically. 

As  shown  in  Fig.  2,  pole  piece-constituting 
sheets  2,2  are  first  bonded  to  both  sides  of  a  sheet 
of  elastic  magnet  1  to  prepare  a  laminate  3.  The 
elastic  magnet  sheet  1  and  the  pole  piece-con- 
stituting  sheets  2,2  may  be  made  of  a  rubbery 
magnet  (obtained  by  incorporating  a  magnetic  pow- 
der  such  as  ferrite  into  a  rubber)  and  a  magnetic 
material  such  as  stainless  steel,  respectively.  Both 
members  may  preferably  be  bonded  together  sub- 
stantially  over  the  entire  surfaces  using  a  synthetic 
rubber  adhesive.  The  thus  obtained  laminate  3  is 
then  punched  out  to  form  an  annular  sealing  mem- 
ber.  When  the  laminate  3  is  punched,  an  annular 
portion  to  be  punched  out  is  retained  with  pressure 
between  a  die  4  and  a  holding  jig  5,  as  shown  in 
Fig.  3.  Accordingly,  the  sheet  of  elastic  magnet  1 
at  the  annular  portion  to  be  punched  out  is  main- 
tained  in  a  state  where  it  is  contractively  deformed 
in  the  direction  of  thickness  and  elongated  in  the 
direction  of  its  diameter.  In  Fig.  3,  the  die  5  has  a 
continuous  annular  shape  having  uniform  cross 
sections  over  the  entire  circumference.  The  punch 
6  also  has  a  continuous  annular  groove  with  uni- 
form  cross  sections  over  the  entire  circumference 
which  slide  on  the  internal  and  external  circum- 
ferential  surfaces  of  the  annular  die  5.  In  this  state, 
the  punch  6  is  descended  to  punch  out  the  lami- 
nate  3  into  a  continuously  annular  sealing  member 
7  having  uniform  cross  sections  over  the  entire 
circumference  as  shown  in  Fig.  4. 

When  the  thus  formed  sealing  member  7  is 
removed  or  freed  from  the  punching  apparatus,  in 
other  words  when  the  pressing  force  of  the  holding 
jig  5  is  released,  the  annular  magnet  8  having  a 
continuous  circumference  resumes  its  natural  pos- 
ture  because  of  its  elasticity,  i.e.  it  comes  to  have 
an  increased  thickness  and  a  reduced  diameter. 
Consequently,  as  shown  in  Fig.  5,  the  internal  and 
external  peripheral  surfaces  of  the  annular  magnet 
8  assume  a  state  that  they  recede  from  the  cor- 
responding  peripheral  surfaces  of  the  respective 
pole  pieces  9,9,  whereby  excellent  dimensional  ac- 
curacy  in  the  inner  and  outer  diameters  of  the 
sealing  member  7  can  be  achieved  corresponding 
to  the  dimensional  accuracy  of  the  punched  an- 
nular  pole  pieces  9,9.  The  annular  pole  pieces  9,9 
are  also  formed  into  an  annular  shape  which  is 

continuous  over  the  entire  circumference. 
Fig.  1  illustrates  an  exemplary  application  of 

the  sealing  member  7  In  the  same  drawing  show- 
ing  the  upper  half  of  the  sealing  member  7  in 

5  vertical  cross  section,  the  reference  numerals  10 
and  11  respectively  show  a  shaft  and  a  ferrofluid.  It 
should  be  noted,  however,  that  in  the  same  draw- 
ing  the  inner  circumferential  portion  9a  of  one 
annular  pole  piece  9  is  bent  inwardly  in  the  direc- 

io  tion  of  thickness  of  the  sealing  member  7  or  in  the 
direction  such  that  the  thickness  of  the  sealing 
member  7  may  be  reduced  gradually  toward  the 
inside.  The  process  of  forming  such  bend  9a  may 
be  explained  as  follows:  The  punch  6  assuming  a 

is  posture  shown  in  Fig.  3  is  first  descended  gradu- 
ally  to  be  brought  into  contact  with  the  surface  of 
the  laminate  3  and  further  to  press  the  laminate  3, 
whereby  the  vicinity  of  the  shear  portion  of  the 
elastic  magnetic  sheet  1  is  subjected  to  further 

20  contractive  deformation  together  with  the  pole 
piece-constituting  sheet  2  facing  the  punch  6. 
When  the  pressurization  force  of  the  punch  6  is 
further  increased  than  in  the  above  state,  the  lami- 
nate  3  is  punched  under  shear,  and  the  bending 

25  and  deformation  experienced  immediately  before 
the  punching  remain  as  such  to  form  the  bend  9a. 
Accordingly,  while  such  bend  9a  is  formed  likewise 
along  the  outer  peripheral  portion  of  the  annular 
pole  piece  9  facing  the  punch  6,  the  annular  pole 

30  piece  9  facing  the  die  4  is  maintained  substantially 
flat. 

The  presence  of  such  bend  9a  yields  the  fol- 
lowing  advantage:  As  shown  in  Fig.  1,  while  the 
ferrofluid  1  1  laterally  expands  gradually  toward  the 

35  shaft  10,  the  ferrofluid  11  may  be  prevented  from 
protruding  outwardly  from  the  lateral  face  9b  of  the 
annular  pole  piece  9  in  use  if  the  level  of  reduction 
in  the  thickness  is  designed  to  be  greater  than  the 
level  of  expansion  W  in  the  ferrofluid  11.  Namely, 

40  when  the  sealing  member  7  is  used  being  fitted  on 
a  working  member,  the  lateral  surface  9b  of  the 
annular  pole  piece  9  can  be  positioned  in  place 
and  in  close  contact  to  require  no  extra  space  on 
the  lateral  side  of  the  sealing  member  3  to  enable 

45  use  of  said  member  in  a  compact  state.  Inciden- 
tally,  the  ferrofluid  1  1  of  course  dwells  continuously 
and  uniformly  over  the  entire  circumference  of  the 
sealing  member  7. 

In  the  sealing  member  7,  since  the  annular 
50  magnet  8  and  the  annular  pole  pieces  9,9  can  be 

bonded  together  over  the  entire  surfaces,  the  in- 
convenience  of  the  prior  art  that  the  ferrofluid  in- 
trudes  into  the  gaps  between  the  two  members 
formed  due  to  the  failure  of  adhesion  to  bring  about 

55  the  reduction  in  the  amount  of  the  fluid  retained  in 
position  can  be  obviated. 

According  to  the  present  sealing  member  for 
ferrofluid  seal  and  the  method  of  producing  the 

3 



5 EP  0  359  833  B1 6 

same,  a  sealing  member  with  good  accuracy  can 
be  obtained  corresponding  to  the  accuracy  of  the 
punched  annular  pole  pieces.  Since  the  annular 
magnet  and  the  annular  pole  pieces  can  be  bonded 
together  beforehand  and  only  a  single  punching 
operation  is  required,  working  efficiency  can  be 
improved. 

Further,  referring  to  Claim  2,  the  bend  in  the 
annular  pole  piece  can  be  formed  to  define  a 
space  corresponding  to  the  laterally  expanded  por- 
tion  of  the  ferrofluid,  so  that  the  fitting  space  which 
must  otherwise  be  secured  due  to  the  laterally 
expanded  portion  of  the  ferrofluid  will  become  un- 
necessary  to  enable  use  of  the  the  sealing  member 
in  a  compact  state  and  improve  the  assembling 
feasibility. 

As  has  been  described  above,  the  sealing 
member  according  to  this  invention  can  be  used  as 
the  one  for  sealing  shaft  and  the  like,  particularly 
as  such  sealing  member  that  is  required  to  have 
high  accuracy  in  the  inner  and  outer  circumferential 
dimensions. 

Claims 

1.  A  method  of  producing  a  sealing  member  for  a 
ferrofluid  seal  by  bonding  a  sheet  of  elastic 
magnet  (1)  with  pole  piece-constituting  sheets 
(2),  and  forming  an  annular  sealing  member  (7) 
consisting  of  an  annular  magnet  (8)  and  an- 
nular  pole  pieces  (9),  characterized  in  that  the 
laminate  (3)  of  elastic  magnet  (1)  and  pole 
piece-constituting  sheets  (2)  is  compressed  to 
have  a  reduced  thickness  and  an  increased 
diameter,  and  the  annular  sealing  member  (7) 
is  formed  by  punching  the  compressed  lami- 
nate  (3),  whereby  the  circumferential  surfaces 
of  the  annular  magnet  (8)  after  the  punching 
operation  and  after  release  of  the  compression 
forces  are  shifted  in  the  directions  to  recede 
from  the  corresponding  circumferential  sur- 
faces  of  the  annular  pole  pieces  (9). 

2.  The  method  of  claim  1,  wherein  the  annular 
magnet  (8)  is  interposed  between  a  pair  of 
annular  pole  pieces  (9),  the  inner  circumferen- 
tial  portion  (9a)  of  at  least  one  of  said  annular 
pole  pieces  (9)  being  bent  inwardly  in  the 
direction  of  thickness. 

3.  A  sealing  member  for  a  ferrofluid  seal  which  is 
an  annular  sealing  member  (7)  to  be  disposed 
so  as  to  surround  the  external  circumferential 
surface  of  a  working  member  (10)  such  as  a 
shaft,  consisting  of  an  annular  magnet  (8)  and 
annular  pole  pieces  (9),  which  forms  a  fer- 
rofluid  seal  by  interposing  a  ferrofluid  (11)  be- 
tween  the  sealing  member  (7)  and  the  working 

member  (10),  characterized  in  that  said  sealing 
member  (7)  is  fabricated  according  to  the 
method  being  defined  in  claim  1  or  2. 

5  Patentanspruche 

1.  Verfahren  zur  Herstellung  eines  Dichtungsteils 
fur  eine  Ferrofluiddichtung  durch  Verbinden  ei- 
ner  elastisch  magnetischen  Lage  (1)  mit  Pol- 

io  schuh-bildenden  Lagen  (2)  und  Bilden  eines 
ringformigen  Dichtungsteils  (7),  das  aus  einem 
ringformigen  Magneten  (8)  und  ringformigen 
Polschuhen  (9)  besteht,  dadurch  gekennzeich- 
net,  dal3  das  Laminat  (3)  aus  elastischem  Ma- 

15  gneten  (1)  und  Polschuh-bildenden  Lagen  (2) 
zur  Erzielung  einer  verminderten  Dicke  und 
einem  vergroBerten  Durchmesser  gepreBt  wird 
und  das  ringformige  Dichtteil  (7)  durch  Aus- 
stanzen  des  gepreBten  Laminats  (3)  gebildet 

20  wird,  wodurch  die  Umfangsflachen  des  ringfor- 
migen  Magneten  (8)  nach  dem  Stanzvorgang 
und  dem  Nachlassen  der  Druckkrafte  derartig 
verschoben  werden,  dal3  sie  von  den  entspre- 
chenden  Umfangsflachen  der  ringformigen 

25  Polschuhe  (9)  zurucktreten. 

2.  Verfahren  nach  Anspruch  1,  wobei  der  ringfor- 
mige  Magnet  (8)  zwischen  einem  Paar  ringfor- 
miger  Polschuhe  (9)  eingesetzt  ist  und  der 

30  innere  Umfangsabschnitt  (9a)  von  zumindest 
einem  der  ringformigen  Polschuhe  (9)  in  Dik- 
kenrichtung  nach  innen  gebogen  ist. 

3.  Dichtungsteil  fur  eine  Ferrofluiddichtung,  das 
35  ein  ringformiges  Dichtungsteil  (7)  ist,  das  an- 

gebracht  ist,  urn  die  AuBenumfangsflache  ei- 
nes  Arbeitsteils  (10)  wie  einer  Welle  zu  umge- 
ben,  bestehend  aus  einem  ringformigen  Ma- 
gneten  (8)  und  ringformigen  Polschuhen  (9), 

40  die  eine  Ferrofluiddichtung  durch  Einfugen  ei- 
nes  Ferrofluids  (11)  zwischen  das  Dichtungsteil 
(7)  und  das  Arbeitsteil  (10)  bildet,  dadurch 
gekennzeichnet,  dal3  das  Dichtungsteil  (7)  ge- 
mal3  dem  Verfahren  nach  Anspruch  1  oder  2 

45  hergestellt  ist. 

Revendications 

1.  Procede  pour  produire  un  organe  d'etancheite 
50  pour  un  joint  d'etancheite  a  ferrofluide  en  liant 

une  feuille  d'un  aimant  elastique  (1)  avec  des 
feuilles  (2)  constituant  des  pieces  polaires  et 
formant  un  organe  d'etancheite  annulaire  (7) 
constitute  d'un  aimant  annulaire  (8)  et  de  pie- 

55  ces  polaires  annulaires  (9),  caracterise  en  ce 
que  le  produit  lamifie  (3)  de  I'aimant  elastique 
(1)  et  des  feuilles  (2)  constituant  les  pieces 
polaires  est  compresse  pour  avoir  une  epais- 

4 
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seur  reduite  et  un  diametre  agrandi,  et  en  ce 
que  I'organe  d'etancheite  annulaire  (7)  est  for- 
me  en  poingonnant  le  lamifie  compresse  (3), 
grace  a  quoi  les  surfaces  circonferentielles  de 
I'aimant  annulaire  (8),  apres  I'operation  de  5 
poingonnement  et  apres  la  liberation  des  for- 
ces  de  compression,  sont  deplacees  dans  les 
directions  pour  s'eloigner  des  surfaces  circon- 
ferentielles  correspondantes  des  pieces  polai- 
res  annulaires  (9).  10 

Procede  selon  la  revendication  1,  dans  lequel 
I'aimant  annulaire  (8)  est  interpose  entre  une 
paire  de  pieces  polaires  annulaires  (9),  la  par- 
tie  circonferentielle  interieure  (9a)  d'au  moins  is 
une  desdites  pieces  polaires  annulaires  (9) 
etant  courbee  vers  I'interieur  dans  la  direction 
de  I'epaisseur. 

Organe  d'etancheite  pour  un  joint  d'etancheite  20 
a  ferrofluide,  qui  est  un  organe  d'etancheite 
annulaire  (7),  dispose  de  fagon  a  entourer  la 
surface  circonferentielle  exterieure  d'une  piece 
de  travail  (10)  tel  qu'un  axe,  constitue  d'un 
aimant  annulaire  (8)  et  de  pieces  polaires  an-  25 
nulaires  (9),  qui  forme  un  joint  d'etancheite  a 
ferrofluide  en  interposant  un  ferrofluide  (11) 
entre  I'organe  d'etancheite  (7)  et  la  piece  de 
travail  (10),  caracteise  en  ce  que  I'organe 
d'etancheite  (7)  est  fabrique  selon  le  procede  30 
defini  dans  la  revendication  1  ou  2. 
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