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@  Bearing  seal  assemblies. 

(g)  A  bearing  seal  assembly  is  installed  between  a  bushing 
[14]  and  an  elongated  shaft  [13]  which  rotates  in  the  bushing  at 
high  speeds.  The  bearing  seal  assembly  is  comprised  of  a 
bearing  member  [10]  of  a  split-ring  form  which  is  made  of  a 
readily  moldable  self-lubricating  material  having  a  pressure 
velocity  value  at  least  equal  to  1800  at  100  feet  per  minute 
surface  speed,  and  is  L-shaped  in  cross-sectional  configura- 
tion.  It  includes  an  elastomeric  sealing  ring  [11]  mounted  in 
supporting  relation  to  the  sealing  portion  of  the  bearing 
member  [10]  which  is  compressed  therewith  within  a  groove 
[17]  provided  for  that  purpose  in  the  bushing  [16].  The  seaing 
ring  [11]  maintains  the  bearing  member  [10]  in  close-fitting, 
sealing  relation  to  the  sealing  surface  in  the  bushing  surround- 
ing  the  shaft  and  is  insulated  by  the  bearing  member  [10]  from 
the  sealing  surface  having  rapid  relative  movement  and  from 
associated  parts  to  thereby  obviate  the  normally  attendant 
destructive  effects  of  high  speed  rotation  upon  such  a  ring. 
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Description 

BEARING  SEAL  ASSEMBLIES 

This  invention  relates  to  bearing  seal  assemblies. 
High-speed,  rotating  metal  parts  have  created 

lubrication,  and  consequently  wear,  problems  for  5 
many  years  for  the  reason  that  they  must  be  housed 
in  metal  bearings  having  a  different  coefficient  of 
expansion.  As  a  direct  result  thereof,  the  high 
speeds  of  rotation  generate  heat  despite  adequate 
lubrication  between  the  parts,  with  the  result  that  the  10 
opposed  metal  parts  expand  at  a  different  rate, 
which  permits  the  lubrication  to  escape  from  the 
gear  box  in  which  it  is  contained.  Once  the 
lubrication  escapes,  substantial  wear  is  experienced 
and  the  installation  is  doomed  if  the  movement  is  15 
continued.  Similar  problems  are  experienced  with 
respect  to  installations  utilizing  high  speed  recipro- 
cating  movements. 

Seals  located  between  such  metal  parts  in  the 
form  of  bearings,  for  accommodating  such  high  20 
speed  relative  movement  over  prolonged  periods, 
can  be  advantageously  formed  of  recently  de- 
veloped  materials  which  have  a  high  degree  of 
inherent  lubrication.  Thus,  a  bearing  product  sold 
under  the  trademark  VESPEL,  although  very  costly  25 
and  one  which  must  be  machined,  will  function  as  a 
seal  under  such  conditions,  provided  it  is  urged 
gently  and  firmly  but  continuously  against  the  sealing 
surface  without  excessive  pressure,  the  latter  being 
a  cause  of  undue  wear.  However,  experience  has  30 
shown  that  no  construction  heretofore  conceived  or 
known  would  adequately  furnish  such  a  seal  be- 
cause  no  way  was  known  for  providing  such  gentle 
pressure  continuously  and  substantially  uniformly 
between  metal  parts  having  standard  variations  in  35 
dimensions,  and  over  all  of  the  temperature  ranges 
generated  during  long  periods  of  high  speed 
movements.  No  way  was  known  for  automatically 
adjusting  such  pressure  to  compensate  for  dimen- 
sional  changes  over  the  gamut  of  temperature  40 
variations  created  within  such  parts. 

The  invention  is  defined  in  the  claims. 
The  invention  will  now  be  described  in  more  detail 

by  way  of  examples  with  reference  to  the  drawings, 
in  which:  45 

Fig.  1  is  a  fragmentary  vertical  sectional  view  of  a 
brass  bearing  with  a  rapidly  rotating  steel  shaft 
mounted  therein  and  shown  in  elevation,  with  a 
bearing-seal  assembly  perfecting  a  seal  therebet- 
ween  at  its  outer  diameter;  50 

Fig.  2  is  a  similar  fragmentary  vertical  sectional 
view  of  a  brass  bearing  with  a  rapidly  rotating  steel 
shaft  mounted  therein  and  shown  in  elevation,  with  a 
bearing-seal  assembly  forming  a  seal  therebetween 
at  its  inner  diameter;  55 

Fig.  3  is  a  side  elevational  view  of  a  bearing-seals; 
Fig.  4  is  a  top  plan  view  of  the  bearing-seal  shown 

in  Fig.  3; 
Fig.  5  is  a  vertical  sectional  view,  taken  along  line 

5-5  of  Fig.  3;  60 
Fig.  6  is  a  side  elevational  view  of  an  elastomeric 

combined  seal  and  spring  such  as  is  shown  in 
Figs.  1-2  behind  the  bearing-seal; 

Fig.  7  is  a  vertical  sectional  view  taken  along  line 
7-7  of  Fig.  6; 

Fig.  8  is  an  enlarged  vertical  sectional  view  of  the 
ring  shown  in  Figs.  6-7; 

Fig.  9  is  a  perspective  view  of  a  molded  sectional 
bearing-seal  member  where  the  two  sections  are 
substantially  identical. 

Fig.  1  0  is  a  vertical  sectional  view  of  a  bearing,  with 
a  shaft  shown  in  elevation  therein  for  rotation  at  high 
speeds,  and  lubricating  bearing-seal  assembly; 

Fig.  11  is  a  side  elevational  view  of  one  of  my 
combined  seal  and  elastomeric  springs  in  its  free 
form; 

Fig.  12  is  a  vertical  sectional  view  taken  along  line 
12-12  of  Fig.  11; 

Fig.  13  is  a  cross-sectional  view  on  an  enlarged 
scale  of  the  ring  shown  in  Figs.  11  and  12; 

Fig.  14  is  a  side  elevational  view  of  the  bearing- 
seal  shown  in  Fig.  10  in  its  free  form; 

Fig.  15  is  a  vertical  sectional  view  of  the 
bearing-seal,  taken  along  line  15-15  of  Fig.  14; 

Fig.  16  is  a  top  plan  view  of  the  bearing-seal  shown 
in  Figs.  14  and  15; 

Fig.  17  is  a  fragmentary  vertical  sectional  view  of  a 
bearing  seal  assembly  with  an  L-shaped  bearing  seal 
wherein  the  seal  is  perfected  on  the  inner  diameter 
of  the  bearing  member; 

Fig.  18  is  a  vertical  sectional  view  on  an  enlarged 
scale  of  that  L-shaped  bearing  seal,  taken  along  line 
17-17  of  Fig.  19; 

Fig.  19  is  an  end  elevational  view  of  that  bearing; 
Fig.  20  is  a  top  plan  view  thereof; 
Fig.  21  is  a  vertical  sectional  view  of  the  sealing 

ring  of  Fig.  17  which  is  utilized  in  my  invention  to  hold 
the  L-shaped  bearing  in  sealing  position,  taken  along 
line  21-21  of  Fig.  22; 

Fig.  22  is  an  end  elevational  view  of  said  sealing 
ring; 

Fig.  23  is  a  vertical  sectional  view  on  an  enlarged 
scale  of  the  ring  shown  in  Fig.  21  ; 

Fig.  24  is  a  vertical  sectional  view  of  a  sealing  ring 
of  modified  cross-section  which  may  be  used  with  a 
similar  but  slightly  different  bearing  member; 

Fig.  25  is  a  fragmentary  vertical  sectional  view  of  a 
different  but  similar  bearing  assembly  wherein  the 
seal  is  perfected  on  the  outer  diameter  of  the 
bearing  member; 

Fig.  26  is  a  vertical  sectional  view  on  an  enlarged 
scale  of  the  bearing  member  shown  in  Fig.  25; 

Fig.  27  is  an  end  elevational  view  of  the  bearing 
member  shown  in  Fig.  26; 

Fig.  28  is  a  top  plan  view  of  the  bearing  member 
shown  in  Fig.  26  and  27; 

Fig.  29  is  a  fragmentary  vertical  sectional  view  of  a 
continuous  bearing-seal  assembly  including  a  two- 
part  shaft  mounted  for  high  speed  movement 
relative  to  its  housing,  with  the  shaft  shown  in 
elevation  and  with  a  portion  broken  away; 

Fig.  30  is  a  fragmentary  vertical  sectional  view  of  a 
two  part  housing  having  one  of  my  continuous 
bearing-seal  assemblies  mounted  therein,  with  the 
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Such  a  combination  perfects  a  seal  at  the  sealing 
surface  and  at  the  bottom  of  the  groove  so  as  to 
prevent  the  loss  of  lubricant  between  the  moving 
parts,  which  will  normally  result  from  the  differences 

5  in  co-efficient  of  expansion  of  the  different  materials 
from  which  the  two  parts  are  made. 

Fig.  1  shows  such  an  installation  as  described 
hereinabove  within  a  groove  12  which  is  formed  in 
the  outer  circumference  of  a  steel  shaft  13,  which  is 

10  rotating  at  very  high  speeds  within  a  brass  bearing 
14,  the  latter  providing  a  housing  for  the  shaft.  It  will 
be  seen  that  the  outer  circumference  of  the 
bearing-seal  10  bears  against  and  seals  against  the 
sealing  surface  of  the  bearing  14  and  the  elastomeric 

15  combined  seal  and  spring  1  1  exerts  a  slight  pressure 
outwardly  against  the  backside  thereof.  The  seal  1  1 
also  seals  against  the  bottom  of  the  groove  so  as  to 
prevent  the  escape  of  lubrication  around  the 
assembly. 

20  Fig.  2  shows  a  similar  rapidly  rotating  steel  shaft 
15  mounted  within  a  brass  bearing  16.  In  this 
instance,  however,  the  groove  17  is  formed  in  the 
bearing  16  rather  than  in  the  exterior  surface  of  the 
shaft  15.  As  a  consequence,  the  bearing-seal  10 

25  bears  against  the  exterior  surface  of  the  shaft  1  5  and 
the  elastomeric  seal  and  spring  11  is  disposed 
therebehind  within  the  groove  17  and  urges  the 
bearing-seal  10  into  sealing  relation  with  the  outer 
circumference  of  the  shaft  15.  It  will  be  noted  that  in 

30  this  instance,  the  seal  is  perfected  at  the  inner 
diameter  of  the  bearing  seal  10,  whereas  in  Fig.  1, 
the  seal  is  perfected  at  the  outer  diameter  thereof. 

Figs.  3-5  show  the  details  of  the  bearing-seal  10. 
This  bearing-seal  10  is  preferably  molded  from  a 

35  moldable  thermoplastic  or  thermosetting  plastic 
having  the  inherent  self-lubricating  qualities  de- 
scribed  hereinabove  as  a  result  of  its  pressure 
velocity  value  of  at  least  equal  to  1800  at  100  feet  per 
minute  surface  speed.  As  best  shown  in  Fig.  5,  it  is 

40  generally  rectangular  in  cross-section  and  is  rela- 
tively  thin.  It  is  annular  in  shape  and  is  cut  diagonally 
as  at  18  in  Fig.  4  to  provide  end  portions  19  and  20 
which  are  capable  of  moving  circumferentially  and 
axially  relative  to  each  other. 

45  The  bearing-seal  10  is  symmetrical  throughout  its 
length  in  cross  section  except  for  the  small  tang  21 
which  extends  axially  outwardly  therefrom  and  fits 
into  either  of  the  openings  22  in  Fig.  1  ,  or  23  in  Fig.  2. 
These  openings  are  formed  in  the  shaft  and  bearing, 

50  respectively,  for  the  express  purpose  of  receiving 
the  tang  therein,  whereby  the  bearing-seal  10  is 
Fig.  1  must  rotate  with  the  shaft  13  relative  to  the 
bearing  14,  whereas  in  Fig.  2,  the  bearing-seal 
member  10  is  prevented  from  rotating  with  the  shaft 

55  15.  It  will  be  noted  that  the  tang  21  is  slightly  axially 
narrower  than  the  opening  in  which  it  is  received. 
The  bearing-seal  10  likewise  is  slightly  narrower  than 
the  groove  in  which  it  is  positioned. 

Figs.  6-8  show  the  details  of  the  elastomeric 
60  combined  seal  and  spring  11.  This  element  11  is 

annular  in  shape,  as  shown  in  Fig.  6  and  is  generally 
square  in  cross-sectional  configuration,  as  shown  in 
Figs.  7  and  8.  It  is  comprised  of  a  flowable  resilient 
material,  such  as  rubber,  is  symmetrical  throughout 

65  its  length  in  cross-section,  and  is  characterized  by  a 

shaft  shown  therein  in  elevation; 
Fig.  31  is  a  view  similar  to  that  shown  in  Fig.  29, 

except  that  the  bearing  is  shown  without  a  tang  ; 
Fig.  32  is  a  view  similar  to  that  shown  in  Fig.  30, 

except  that  the  bearing  member  is  shown  without  a 
tang; 

Fig.  33  is  a  view  similar  to  that  shown  in  Fig.  29, 
except  that  the  bearing  member  is  L-shaped  in 
cross-section; 

Fig.  34  is  a  view  similar  to  that  shown  in  Fig.  30, 
except  that  the  bearing  member  is  L-shaped  in 
cross-section; 

Fig.  35  is  a  vertical  sectional  view  of  a  single-part 
housing  with  a  single-part  shaft  mounted  therein  for 
high  speed  relative  movement,  the  bearing  seal 
member  being  split  and  without  a  tang  and  the 
bearing-seal  assembly  being  mounted  within  the 
shaft; 

Fig.36  is  a  vertical  sectional  view  of  a  single-part 
housing  with  a  single-part  shaft  mounted  therein  for 
high  speed  relative  movement,  the  bearing-seal 
member  being  split  and  without  a  tang  and  the 
bearing-seal  assembly  being  mounted  within  the 
housing; 

Fig.37  is  a  plan  view  of  the  continuous  bearing- 
seal  member  with  a  tang,  as  shown  in  Fig.  29; 

Fig.38  is  a  transverse  vertical  sectional  view  taken 
through  the  bearing-seal  member  of  Fig.9; 

Fig.39  is  a  plan  view  of  the  continuous  bearing- 
seal  without  a  tang,  as  shown  in  Fig.  31  ; 

Fig.40  is  a  transverse  vertical  sectional  view  taken 
through  the  bearing-seal  of  Fig.39; 

Fig.41  is  a  plan  view  of  the  split  ring  bearing-seal 
member  without  a  tang,  as  shown  in  Figs.  35  and  36; 

Fig.42  is  a  transverse  sectional  view  of  the 
bearing-seal  member  of  Fig.  41  ; 

Fig.43  is  a  fragmentary  vertical  sectional  view  of  a 
piston  assembly  with  a  cylinder,  with  a  piston  therein 
having  a  split-ring  bearing-seal  member;  and 

Fig.  44  is  a  fragmentary  vertical  sectional  view  of  a 
bearing-seal  assembly  within  a  sectional  housing 
surrounding  a  shaft  mounted  for  relative  high  speed 
movement,  the  assembly  utilizing  an  O-ring  behind 
the  bearing-seal  member. 

Figs.  1-2  illustrates  the  use  of  my  new  bearing 
assembly.  As  shown,  it  includes  a  bearing-seal 
member  10  which  is  thin  and  of  the  split-ring  type, 
having  ends  which  overlap.  This  bearing-seal  mem- 
ber  is  made  of  a  plastic  material  which  is  either 
thermosetting  or  thermoplastic  and  is  self-lubricat- 
ing,  having  a  pressure  velocity  value  at  least  equal  to 
1800  at  100  feet  per  minute  surface  speed.  It  also 
includes  an  elastomeric  combined  seal  and  spring 
11  which  is  made  of  flowable  resilient  material,  such 
as  rubber,  and  is  sufficiently  yieldable  and  forgiving 
so  as  to  avoid  undue  pressure  being  applied  to  the 
backside  of  the  bearing  member  10.  Such  a 
bearing-seal  assembly  will  wear  well  over  long 
periods  of  time  and  under  unusually  severe  circum- 
stances,  such  as  where  the  relatively  moving  parts 
move  at  high  speeds  over  prolonged  periods.  When 
mounted  within  a  groove,  as  shown  in  Figs.  1-2,  the 
bearing  member  will  adjust  to  dimensional  changes 
in  the  moving  parts,  which  reflect  the  changes  in 
temperature  caused  by  the  high  speed  movement. 
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pair  of  radially  spaced  working  surfaces  24  and  25 
and  a  pair  of  opposed  axially  spaced  surfaces  26  and 
27.  Each  of  these  surfaces  24-27,  inclusive,  is 
concave  and  each  merges  substantially  tangentially 
with  adjacent  convex  corner  lobes,  such  as  indi- 
cated  by  the  numerals  28-31,  inclusive. 

The  elastomeric  combined  seal  and  spring  1  1  ,  as 
best  shown  in  Fig.  8,  has  minimum  radial  dimensions 
(measured  at  the  bottom  of  the  concavities  24-25), 
which  are  within  the  approximate  range  of  17o/o-33% 
of  the  maximum  radial  dimensions  of  the  ring  11. 
These  maximum  radial  dimensions  will  be  found  at 
the  innermost  and  outermost  point  on  the  convex 
corner  lobes,  such  as  28  and  31  .  The  preferred  range 
of  the  minimum  radial  dimensions  of  this  ring  is 
24°/o-3O°/o  and  the  preferred  single  value  of  such 
minimum  radial  dimensions  is  28%  of  the  maximum 
radial  dimension.  The  convex  corner  lobes  28-31, 
inclusive,  each  have  a  convexity  of  14%-16%  of  the 
maximum  radial  dimension  of  the  ring.  The  preferred 
single  convexity  is  16%  of  that  maximum  radial 
dimension. 

The  range  of  the  minimum  radial  dimension  of  the 
ring  1  1  is  6O°/o-75°/o  of  the  maximum  radial  dimen- 
sion  thereof.  The  preferred  range  is  650/0-75%  and 
the  preferred  single  value  is  68%  of  the  maximum 
radial  dimension.  I  have  found  that  an  elastomeric 
combined  seal  and  spring  11  when  utilized  as 
described  herein  in  combination  with  such  a  bear- 
ing-seal,  provides  the  necessary  forgiveness  or 
yielding  function,  which  ensures  that  the  bearing- 
seal  10  will  always  be  urged  gently  against  the 
surface  to  be  sealed,  will  not  fill  the  groove  to 
over-flowing,  and  will  preclude  undue  pressure 
being  applied  to  the  bearing  seal  10  under  extreme 
circumstances  caused  by  high-speed  rotation  or 
other  movement  over  prolonged  periods. 

Fig.  9  shows  a  sectional  annular  bearing-seal  32 
which  is  comprised  of  pair  of  substantially  identically 
constructed  sections  33  and  34,  the  only  difference 
being  the  presence  of  the  tang  35  on  section  34.  It 
will  be  seen  that  the  ends  of  each  of  the  sections  33 
and  34  are  stepped  so  as  to  overlap  and  form  an 
annular  ring  when  positioned  within  a  groove,  such 
as  is  shown  in  Figs.  1  and  2.  Such  a  bearing-seal  can 
be  molded  relatively  inexpensively  and  should 
function  substantially  as  well  as  those  shown  in 
Figs.  1  and  2,  when  they  are  backed  up  with  an 
elastomeric  combined  seal  and  spring,  such  as 
element  11  described  hereinabove.  When  so 
mounted,  the  two  sections  33  and  34  will  define  the 
split-ring  bearing  and  seal  and  will  adjust  by 
extension  or  contraction  in  response  to  dimensional 
variations  in  the  moving  parts,  such  as  the  shaft  13 
and  bearing  14. 

As  shown  in  Figs.  1  and  2,  my  new  bearing 
assembly  can  be  utilized  so  as  to  perfect  a  seal  at 
either  the  internal  diameter  of  the  bearing-seal  or  at 
its  outer  diameter.  In  either  case,  the  combined  seal 
and  spring  bears  against  the  bearing-seal  and  urges 
it  gently  against  the  opposed  sealing  surface  to 
perfect  a  seal  therebetween.  Pressure  within  the 
range  of  1.9-3.0  p.s.i.  per  linear  inch  of  seal  are 
created  and  applied  to  the  bearing-seal  in  this 
manner,  the  amount  of  pressure  created  being 

dependent  upon  the  inherent  variations  in  the 
groove  area  ceated  by  manufacturing  tolerances 
stack-up.  The  latter  is  the  sum  of  the  variations  in  the 
bores,  in  the  groove  width  and  depth,  and  in  the 

5  tolerances  of  the  ring  itself.  A  groove  will  vary  .006 
inch  in  depth  and  .003  inch  in  width.  The  ring  itself 
will  vary  .006  inch  in  dimensions.  The  combined  seal 
and  spring  must  be  compressed  .010  inch  when 
installed,  in  order  to  provide  adequate  pressure 

10  behind  the  bearing-seal  and  yet  not  overfill  the 
groove. 

As  the  steel  shaft  rotates  at  high  speed  and  over 
prolonged  periods,  substantial  heat  is  generated. 
This  heat  creates  dimensional  changes  in  both  the 

15  steel  shaft  and  the  brass  bearing  or  housing. 
Without  my  bearing-seal,  the  lubricant  will  escape 
between  the  shaft  and  brass  housing.  My  bearing- 
seal,  however,  adjusts  in  response  to  these  changes 
in  the  steel  shaft  and  brass  bearing,  the  combined 

20  seal  and  spring  urging  the  bearing-seal  against  the 
opposed  surface  gently  but  firmly  and  causing  the 
bearing  seal  to  adjust  circumferentially  while  main- 
taining  sealing  contact  against  the  opposed  sealing 
surface.  The  dimensional  feature  of  the  combined 

25  seal  and  spring  outlined  hereinabove  preclude  it 
from  overflowing  the  groove  with  consequent  undue 
pressure  upon  the  bearing-seal. 

As  indicated  hereinabove,  the  combined  seal  and 
spring  completes  the  seal  at  the  bottom  of  the 

30  groove  in  either  installation.  As  such,  it  prevents  the 
escape  of  lubricant  and  avoids  undue  wear  for 
extended  periods  of  operation.  In  so  doing,  it 
eliminates  extensive  down-time  and  avoids  severe 
wear  damage  which  would  otherwise  occur  when 

35  the  lubricant  escapes.  It  also  greatly  avoids  costly 
replacement  of  parts  which  result  from  such  undue 
wear. 

Wherever  herein  I  have  utilized  the  term  "mold- 
able",  it  is  intended  to  include  molding  via  injection 

40  molding  and/or  transfer  molding. 
As  indicated  above,  the  elastomeric  combined 

seal  and  spring  11  can  be  manufactured  from  either 
thermoplastic  or  thermosetting  plastic  materials. 
Anrequirement  is  that  the  material  have  a  pressure 

45  velocity  value  at  least  equal  to  1800  at  100  feet  from 
its  surface  speed.  Some  of  the  materials  which 
qualify  as  having  such  qualities  are  relatively  expens- 
ive,  whereas  others  are  found  to  be  of  lower 
commercial  value.  Thus,  for  the  circumstances 

50  where  the  wearing  qualities  are  less  demanding 
unmodified  polycarbonates  or  unmodified  poly- 
styrene,  which  are  both  thermoplastics,  may  be 
utilized  because  they  are  relatively  inexpensive.  The 
temperatures  which  are  reached  as  a  result  of  the 

55  high  speed  movement  has  a  strong  bearing  upon  the 
decision  of  the  plastic  to  be  selected. 

The  split-ring  feature  of  the  bearing  is  such 
because  it  permits  the  bearing  to  contour  to  the 
shape  and  dimensions  of  the  shaft.  In  other  words,  it 

60  provides  for  thermoexpansion  of  the  parts  between 
which  the  seal  is  to  be  perfected.  It  is  imperative, 
however,  that  the  spring  not  be  too  strong,  else  the 
bearing-seal  will  be  urged  against  the  sealing 
surface  with  undue  pressure,  resulting  in  undue 

65  wear  of  the  material  from  which  the  bearing-seal  is 
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bearing  112. 
The  split-ring  bearing  member  114  is  shown  in 

detail  in  Figs.  14-16  As  best  shown  in  Fig.  16.,  it  is 
split  along  a  diagonal  line  117  so  that  it  has  free  end 

5  portions  118  and  119  which  can  move  relative  to 
each  other,  both  circumferentially  and  axially, 
thereby  providing  automatic  adjustment  to  the 
dimensional  changes  resulting  from  changes  of 
temperature,  when  properly  urged  outwardly  by  my 

10  combined  seal  and  elastic  spring,  which  is  shown 
between  bearing  114  and  the  bottom  of  the  groove 
111.  It  will  be  seen  that  the  bearing  112  and  the  shaft 
110  provides  sup  port  structure  for  the  seal 
perfected  therebetween  by  the  structure  as  shown 

15  in  Fig.  10. 
Disposed  within  the  groove  111  in  supporting 

relation  to  the  bearing-seal  114  is  one  of  my 
combined  seal  and  elastomeric  springs,  indicated 
generally  by  the  numeral  120.  This  combined  seal 

20  and  elastomeric  spring  is  comprised  of  a  one-piece 
annular  body  which  has  a  generally  right  angled 
pologonal  configuration  in  cross-section,  and  is 
made  of  a  flowable  resilient  material,  such  as  rubber. 
In  our  practice,  we  utilize  an  elastomeric  composi- 

25  tion  in  lieu  of  actual  rubber.  This  ring  120  is  of 
uniform  cross-sectional  shape  throughout  and,  as 
best  shown  in  Figs.  12  -  13  is  symmetrical.  It  will  be 
seen  that  the  ring  120,  has  opposed  concave  sides 
121  and  122,  which  are  working  surfaces  and  are 

30  radially  spaced.  It  also  has  a  pair  of  axially  spaced 
concave  sides  123  and  124.  Each  of  these  concave 
sides  merges  generally  tangentially  with  the  convex 
corner  lobes  of  the  ring  identified  by  the  numerals 
125-128. 

35  The  minimum  radial  dimension  of  the  ring  120  as 
measured  between  the  bottom  of  the  concavities  of 
the  two  opposed  radially  spaced  sides  121  and  122, 
is  600/0-75%  of  the  maximum  normal  radial  dimen- 
sion  between  said  working  surfaces.  This  maximum 

40  radial  dimension  is  measured  as  the  maximum 
distance  between  the  two  opposed  corners  on 
either  side  of  the  ring,  as  for  example,  the  distance 
between  points  identified  by  the  numerals  129  and 
130,  in  Fig.  13.  this  minimum  radial  dimension  is 

45  650/0-70%  of  said  maximum  radial  dimension  and  the 
ideal  minimum  radial  dimension  at  the  bottom  of  the 
opposed  cavities  is  68O/o  of  that  maximum  radial 
dimension. 

The  corner  lobes  125-128,  inclusive,  have  convex- 
50  ities  of  14o/o-16o/o  of  the  maximum  radial  distance 

between  the  working  surfaces  121  and  122.  The 
preferred  convexity  is  I60/0  of  that  maximum  radial 
dimension. 

The  concavities  of  each  of  the  four  sides  121-124, 
55  inclusive,  is  substantial.  These  concavities  may 

extend  between  a  range  of  170/o-330/o  of  the 
maximum  normal  radial  dimension  of  the  ring,  as 
hereinbefore  defined.  The  preferred  range  is 
24°/o-3O%  of  that  dimension  and  the  ideal  range  is 

60  27%-29%  of  the  same  dimension.  The  preferred 
single  dimension  is  28%  of  the  maximum  normal 
radial  dimension  between  the  working  surfaces. 

With  the  dimensions  as  defined  above,  I  have 
found  that  I  can  provide  an  effective,  long  lasting  seal 

65  between  metal  surfaces,  moving  past  each  other  at 

molded.  Over-filling  of  the  groove,  for  example,  will 
create  such  undue  pressure  and  consequent  ex- 
cessive  wear. 

For  cost  effectiveness,  probably  a  6-10  Nylon  with 
modifiers  would  be  most  desirable  in  the  long  run. 
Nylons,  however,  are  relatively  expensive  in  that  they 
sell  at  the  $3-  $4  per  pound  range.  Other  plastic, 
such  as  polyethylene,  polypropylene,  styrene  and 
polyvinylchloride,  all  thermoplastics,  are  sold  in  the 
neighborhood  of  $1  per  pound,  and  since  they  are 
readily  moldable,  can  be  utilized  in  a  large  variety  of 
circumstances,  at  a  substantial  saving  in  cost, 
particularly  in  view  of  the  fact  that  they  are  moldable 
and,  thus  the  cost  of  machining  of  the  more 
expensive  plastics  is  avoided. 

Pressure  velocity  value  of  plastic  is  determined  by 
applying  the  sample  to  a  dry  carbon  steel  rod 
spinning  rapidly  at  20°  C.  at  100  feet  surface  speed 
per  minute  and  applying  pressure  to  said  sample 
until  the  heat  generated  thereby  commences  to 
destroy  said  sample.  Its  pressure  velocity  value  is 
obtained  by  multiplying  the  pressure  applied  to  the 
sample  (just  prior  to  the  start  of  its  destruction) 
against  the  velocity  of  the  shaft.  In  other  words, 
pressure  velocity  value  is  the  product  of  the 
pressure  applied  to  such  a  sample  just  prior  to  its 
destruction  and  the  surface  speed  of  rotation  of  the 
shaft.  Pressure  velocity  values  are  measured  in 
pressures  per  square  inch  (p.s.i.)  multiplied  by  the 
surface  speed  expressed  in  feet  per  minute. 

Fig.  10  shows  an  installation  utilizing  one  of  my 
combined  seal  and  elastomeric  springs.  As  shown,  it 
includes  a  rapidly  rotating  metal  shaft  110  which  has 
an  annular  groove  111  formed  in  its  exterior  surface 
opposite  a  metal  bearing  member  112  which  sur- 
rounds  the  shaft  1  1  0  while  the  latter  is  rotated  at  high 
speeds  over  prolonged  periods  of  time.  Typically,  the 
bearing  112  has  a  different  coefficient  of  expansion 
than  the  metal  from  which  the  shaft  110  is  formed 
and,  consequently,  the  dimensional  changes  which 
result  from  the  high  speed  and  consequent  elev- 
ations  of  temperature  in  each  of  these  metals  differ 
widely.  As  a  consequence,  the  slight  space  which  is 
provided  between  the  two  members  110  and  112, 
indicated  as  113,  which  permits  lubrication  therebet- 
ween,  varies  substantially  in  its  dimension.  Such 
substantial  variations  in  dimensions  permit  the 
lubricant  to  escape.  As  a  result  thereof,  the  bearing 
member  112  will  be  destroyed  unless  provision  for 
preventing  the  escape  of  the  lubricant  is  made. 

To  meet  the  above  requirements,  I  provide  sealing 
means  which  includes  a  split-ring  bearing-seal 
member  114,  which  has  an  exterior  circumference 
substantially  equal  to  the  bearing  surface  of  the 
bearing  112,  at  the  space  113.  This  split-ring  bearing 
member  is  self-adjusting  and  is  formed  of  a 
self-lubricating  material  having  self-lubricating 
qualities  with  a  pressure  velocity  of  no  less  than  1800 
at  100ft  per  minute  surface  speed.  As  shown  in 
Fig.  10,  it  is  flat  and  is  generally  rectangular  in 
cross-sectional  configuration  and  includes  a  tang 
115  which  extends  axially  outwardly  therefrom  into 
an  opening  1  1  6  formed  in  the  shaft  1  10  to  accommo- 
date  same.  This  tang  ensures  that  the  bearing 
member  114  rotates  with  the  shaft  10  within  the 
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high  speeds  over  prolonged  periods.  This  movement 
can  be  the  rotation  of  one  part  past  another  as 
shown  in  Fig.  10,  or  may  be  a  reciprocating  motion 
where,  for  example,  the  seal  is  mounted  in  the 
exterior  surface  of  a  piston  and  would  appear  as 
shown  in  Fig.  10.  The  design  of  the  combined  seal 
and  elastomeric  spring,  such  as  the  ring  120,  is  such 
as  to  provide  a  gentle  back-up  pressure  upon  the  flat 
bearing-sealing  member  114  throughout  the  entire 
range  of  temperature,  and  consequent  dimensional 
changes,  experienced  in  such  metal  parts  when 
operated  at  high  speeds  over  prolonged  periods. 
Thus,  when  such  parts  become  heated,  substantial 
dimensional  changes  take  place,  with  the  result  that 
the  bearing  and  sealing  member  114,  which  is 
continually  urged  outwardly  by  the  critically-dimen- 
sioned  ring  120,  will  adjust  circumferentially  to 
compensate  therefor.  This  is  accomplished  by  a 
change  in  circumference  of  the  bearing  and  sealing 
member  permitted  by  shifting  of  the  free  ends  118 
and  119  thereof  relative  to  each  other.  At  the  same 
time,  the  combined  sealing  and  elastomeric  spring, 
in  the  form  of  the  annular  elastic  ring  120,  will  adjust 
its  amount  of  compression  within  the  groove.  It  will 
be  noted  that  the  dimensions  of  the  groove  also  will 
be  altered  by  the  changes  in  temperature.  These 
changes,  plus  the  dimensional  variations  in  the  ini  tial 
construction  of  the  shaft,  the  groove,  the  bearing, 
and  the  ring  itself,  comprise  total  variations  for  which 
compensations  are  extremely  difficult.  I  have  found, 
however,  that  a  ring  having  dimensions  within  the 
critical  ranges  set  forth  herein,  when  utilized  in 
combination  with  a  combined  seal  and  bearing,  such 
as  the  member  114,  will  adequately  compensate  for 
such  changes. 

I  believe  that  when  such  adjustments  are  required, 
the  elastomeric  material  from  which  the  ring  120  is 
manufactured  flows  into  the  substantial  concavities 
121-124,  inclusive,  which  are  provided  in  each  of  the 
sides  of  the  ring.  Since  this  material  is  readily 
flowable,  but  non-compressible,  I  have  avoided  the 
problem  heretofore  experienced  with  the  standard 
QUAD-ring  or  O-ring,  none  of  which  can  adequately 
adjust  to  support  such  a  bearing  and  sealing 
member  across  the  temperature  ranges  experi- 
enced,  without  applying  undue  pressure  there- 
against,  with  consequent  prohibitive  wear. 

It  will  be  seen  that  the  ring  120  also  perfects  a  seal 
across  the  bottom  of  the  groove  1  1  1  ,  as  well  as  at  its 
top.  Thus,  it  functions  both  as  a  seal  and  as  an 
elastomeric  spring  which  is  sufficiently  sensitive  and 
yielding  to  ensure,  in  combination  with  the  bearing 
114,  an  adequate  seal  between  the  two  relatively 
moving  parts  110  and  112,  over  the  entire  tempera- 
ture  range  experienced  in  such  installations  when 
operated  at  various  high  speeds. 

As  shown  in  Fig.  17-23,  my  bearing  assembly  may 
be  utilized  in  conjunction  with  a  shaft  215  which 
rotates  about  its  longitudinal  axis  at  high  speed 
within  a  bronze  bushing  216.  The  upper  ends  of  this 
shaft  and  bushing  terminate  with  a  gear  box  (not 
shown)  which  contains  lubricant  designed  to 
properly  lubricate  the  relatively  moving  surfaces  of 
these  two  parts.  A  spindle  collar  217  is  press-fitted 
upon  the  shaft  215  and  rotates  therewith  and 

normally  bears  against  the  lower  end  of  the  bushing 
216.  A  steel  nut  218  extends  downwardly  around  the 
spindle  collar  217,  as  shown.  This  is  the  normal 
arrangement  of  these  parts  in  the  cotton  picker  as 

5  originally  manufactured  and  put  into  use. 
The  bearing  member  220,  as  shown  in  Fig.  17-20 

inclusive,  is  generally  L-shaped  in  cross-sectional 
configuration  so  that  a  portion  thereof  221  has  radial 
dimensions  substantially  equal  to  the  depth  of  the 

10  groove  19  while  an  axially  spaced  portion  222  thereof 
has  lesser  radial  dimensions.  This  bearing  member  is 
molded  of  such  material  as  described  hereinabove. 
The  bearing  member  220  has  a  sealing  surface  220a 
at  its  ID  which  bears  against  the  shaft  215  and 

15  perfects  a  seal  thereagainst.  The  axial  dimensions  of 
the  bearing  member  220  are  slightly  less  than  the 
actual  dimensions  of  the  groove  219. 

A  tang  member  223  extends  laterally  in  the  form  of 
an  axial  projection  upwardly  into  an  opening  224 

20  which  I  form  in  end  of  the  bronze  bearing  216.  The 
purpose  of  the  tang  223  and  the  opening  224  is  to 
prevent  the  bearing  member  220  from  rotating  with 
the  shaft  215.  The  self-lubricating  properties  of  the 
bearing  member  220  prevents  substantial  wear 

25  thereof  as  the  shaft  215  rotates.  The  differences  in 
the  radial  dimensions  of  the  two  portions  221  and 
222  provides  a  secondary  groove  224  within  which  I 
install  an  elastomeric  spring  in  the  form  of  a  sealing 
ring  225. 

30  The  bearing  member  220  is  uniform  in  cross-sec- 
tional  configuration,  the  axial  length  being  preferably 
approximately  .140  inches  in  length.  The  radial 
dimensions  of  the  portion  222  is  preferably  approxi- 
mately  .030  inches  and  the  radial  extent  of  the 

35  thicker  area  221  is  approximately  .059  -  .065. 
The  internal  diameter  of  the  seal  is  preferably  .488 

inches  in  diameter.  The  outward  extent  of  the  tang 
223  is  approximately  .100  inches  beyond  the  portion 
222  of  the  bearing  having  the  lesser  radial  dimen- 

40  sions.  The  axial  extent  of  the  portion  222  is 
approximately  .070  inches. 

As  previously  stated,  the  bearing  member  220  is 
not  continuous  in  that  it  is  comprised  of  a  split  ring, 
the  split  being  shown  and  identified  with  the  numeral 

45  226  in  Fig.  20.  Thus,  the  ends  of  the  bearings  at  the 
split  26  are  capable  of  adjustment  relative  to  each 
other.  This  feature  is  important  in  permitting  the 
bearing  to  adjust  to  the  variations  in  diameter 
caused  by  the  heat  which  is  generated  by  the  high 

50  speed  of  rotation  of  the  shaft  215. 
The  elastomeric  spring  225  is  made  of  a  uniformly 

resilient  flowable  rubber-like  material  which  is  gener- 
ally  an  elastomer  having  properties  similar  to  rubber. 
As  best  shown  in  Fig.  23  this  ring  225  is  right-angled 

55  polygonal  in  cross-sectional  configuration,  prefer- 
ably  having  maximum  radial  dimensions  equal  to  its 
maximum  axial  dimensions.  The  ring  is  symmetrical 
and  uniform  throughout  in  cross-sectional  shape.  As 
shown,  each  of  its  sides  is  concave  and  each  of  its 

60  corner  portions  have  convex  lobes  227  thereat.  The 
concavities  between  the  lobes  227,  identified  by  the 
numeral  228  have  a  radius  of  curvature  approximat- 
ing  28%  of  the  maximum  cross-sectional  dimension 
of  the  ring.  The  concavities  228  merge  tangently  with 

65  the  convex  lobes  227. 
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The  sealing  ring  239  may  have  the  same  dimen- 
sions  and  relationship  to  the  secondary  groove  240 
as  defined  hereinabove  with  respect  to  the  ID  seal 
shown  in  Fig.  17  in  that  the  sealing  ring  239  has  radial 

5  dimensions  such  as  to  maintain  the  portion  232  of 
the  bearing  member  231  under  compression  against 
the  inner  surface  of  the  bushing  236.  Numerals  240 
and  241  identify  the  spindle  collar  and  steel  nut, 
respectively. 

10  The  bearing  231  is  split  as  indicated  by  the 
numeral  242  in  Fig.  28  so  that  the  ends  thereof  may 
shift  relative  to  each  other  and  thus  compensate  for 
the  variations  in  surface  dimensions  caused  by  the 
heat  generated  by  the  rapidly  rotating  shaft  234.  As 

15  indicated,  the  sealing  ring  239  maintains  the  bearing 
under  compression  against  the  inner  surface  of  the 
bushing  236  to  perfect  the  seal  between  the  bearing 
231  and  the  bushing  236.  It  also  has  lesser  axial 
dimensions  than  the  groove  237  and  bears  against 

20  portion  233  of  the  bearing. 
In  operation,  the  elastomeric  spring  which  is  in  the 

form  of  a  sealing  ring  such  as  elements  225,  231, 
maintains  the  bearing  members  under  compression 
against  the  surface  at  which  the  seal  is  to  be 

25  perfected.  This  surface  is  at  the  surface  of  the 
bearing  member  which  has  the  greater  axial  dimen- 
sions.  I  have  found  that  through  the  use  of  a  bearing 
member  such  as  described  herein,  I  can  greatly 
diminish  the  loss  of  lubricants  from  such  installa- 

30  tions  and  that  as  a  result  thereof,  there  is  a  very  great 
reduction  in  down-time  and  need  for  replacement  of 
parts,  because  the  wear  that  is  experienced  is 
greatly  reduced.  This  occurs  because  the  lubricant 
is  contained  in  the  gear  box  and  as  a  consequence, 

35  the  bronze  bushing  remains  lubricated  over  much 
greater  extended  periods  than  has  heretobefore 
been  experienced.  The  sealing  rings  225  and  231 
function  to  maintain  a  slight  pressure  against  the 
bearing  member  at  all  times  so  that  maximum 

40  advantage  may  be  taken  of  its  inherent  self-lubricat- 
ing  qualities.  This  insures  long  wear  and  at  the  same 
time  provides  an  effective  seal  to  prevent  the  escape 
of  lubricant  between  the  shaft  and  the  bronze 
bushing. 

45  The  elastomeric  rings  225,  239  are  highly  yieldable 
and  sensitive  and,  therefore,  ready  compensation  is 
provided  for  variations  in  dimensions  caused  by 
changes  in  temperature  of  the  relatively  rotating 
parts.  While  I  have  shown  installations  which  are 

50  designed  to  greatly  extend  the  useful  life  span  of 
parts  of  machines  which  are  already  in  the  field,  it  will 
be  readily  appreciated  that  similar  constructions 
may  be  utilized  by  original  equipment  manufacturers 
and  that  when  this  is  done,  there  will  be  a  greater 

55  improvement  in  the  performance  of  such  machinery, 
and  the  useful  life  span  thereof  will  be  substantially 
extended. 

The  pressure  velocity  value  of  a  plastics  sample  is 
determined  by  applying  the  sample  to  a  dry  carbon 

60  steel  rod  spinning  rapidly  at  20°  C.  at  100  ft  surface 
speed  per  minute  and  applying  pressure  to  the 
sample  until  the  heat  generated  thereby  commences 
to  destroy  the  sample.  Its  pressure  velocity  value  is 
obtained  by  multyplying  the  pressure  applied  to  the 

65  sample  (just  prior  to  the  start  of  its  destruction)  and 

The  maximum  radial  dimension  of  the  ring  225 
when  combined  with  the  radial  dimension  of  the 
thinner  portion  222  of  the  bearing  against  which  it 
bears,  is  slightly  greater  than  the  radial  dimensions 
of  the  groove  224  so  that  as  a  result,  the  bearing  220 
is  always  maintained  under  slight  radial  compression 
by  the  ring  225  in  order  to  perfect  the  seal  between 
the  bearing  220  and  the  shaft  215  at  the  surface  at 
which  they  meet. 

The  ring  225,  unlike  the  bearing  220  is  continuous 
throughout  and  is  of  uniform  cross-sectional  con- 
figuration  throughout.  The  radius  of  the  convex 
corner  lobes  227  is  approximately  16%  of  the 
maximum  radial  dimension  of  the  ring.  I  have  found 
that  a  ring  which  has  an  internal  diameter  of 
approximately  .540  inches  and  has  maximum  radial 
and  axial  dimensions  of  approximately  .048  inches 
works  in  a  highly  satisfactory  manner.  Such  a  ring 
has  minimum  radial  dimensions  between  the  op- 
posed  concave  surfaces  228  of  approximately  .036 
inches.  The  radius  of  curvature  of  the  concavities  28 
is  approximately  .016  inches  and  the  radius  of 
curvature  of  the  convex  corner  lobes  227  is 
approximately  .008  inches. 

The  ring  225  need  not  necessarily  be  generally 
square  in  cross-section  as  shown  and  described. 
Instead,  the  groove  may  be  made  axially  longer,  with 
the  result  that  the  ring  will  have  a  greater  axial  length 
than  its  radial  dimension,  such  as  is  shown  by  the 
ring  230  in  Fig.  24.  Such  a  ring  may  be  utilized  when 
the  groove  has  greater  axial  dimensions  than  its 
radial  dimensions.  It  will  be  noted,  however,  that  the 
combined  radial  dimension  of  the  ring  230  and  of  the 
portion  of  the  bearing  member  against  which  it  bears 
will  be  slightly  greater  than  the  radial  dimensions  of 
the  groove.  Similarly,  and  like  the  installation  shown 
in  Fig.  17  and  as  described  herein,  the  axial 
dimensions  of  the  ring  230  when  combined  with  the 
axial  dimensions  of  the  portion  of  the  bearing 
member  along  which  it  extends  will  be  slightly  less 
than  the  axial  dimensions  of  the  groove. 

Figs.  25-28  show  a  construction  similar  to  that 
shown  in  Figs.  17-24  except  that  the  bearing  is 
constructed  in  such  a  way  that  the  seal  is  perfected 
between  the  housing  and  the  shaft  at  the  OD  surface 
of  the  bearing  member.  Thus,  as  seen  in  Fig.  25-26, 
the  section  of  the  bearing  231  which  has  the  greater 
axial  dimension  is  at  the  external  circumference  of 
the  bearing  member.  The  portion  which  has  the 
lesser  radial  dimension  is  identified  by  the  numeral 
232  and  the  portion  having  the  greater  dimension  is 
identified  by  the  numeral  233.  Thus,  the  portion  232 
has  lesser  radial  dimensions  than  the  portion  233  but 
has  greater  axial  dimensions  and  the  seal  is 
perfected  at  the  OD  surface  of  the  bearing  member 
231  instead  of  at  the  ID  surface  the  bearing  member 
as  shown  in  Fig.  25  In  all  other  respects,  the 
installation  is  similar  except  that  the  bearing  member 
rotates  with  the  shaft  234. 

It  will  be  seen  that  a  groove  235  is  formed  in  the 
shaft.  The  latter  rotates  within  the  bronze  bushing 
236  and  defines  the  groove  235  therewith.  The 
bearing  231  lies  within  this  groove  and  the  outer 
surface  of  the  portion  232  perfects  a  seal  as  at  238 
against  the  bearing  236. 
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the  velocity  of  the  shaft.  In  other  words,  pressure 
velocity  value  is  the  product  of  the  pressure  applied 
to  such  a  sample  just  prior  to  its  destruction  and  the 
surface  speed  of  rotation  of  the  shaft.  Pressure 
velocity  values  are  thus  measured  in  pounds  per 
square  inch  (P.S.I.)  multiplied  by  the  surface  speed 
expressed  in  feet  per  minute,  at  20°  C. 

The  bearing  member  is  formed  of  a  plastic 
material  which  is  preferably  thermoplastic;  however 
thermosetting  materials  may  be  used.  Some  exam- 
ples  of  the  materials  which  have  I  have  found  well 
adapted  for  this  purpose  are  unmodified  polycarbo- 
nates  and  unmodified  polystyrenes.  These  two 
materials  will  work  well  in  low  speed,  low  pressure 
applications  and  are  relatively  inexpensive.  The 
temperature  at  which  the  relatively  moving  parts 
operate  determine  the  decision  as  to  which  type  of 
plastic  will  be  selected.  For  cost  reasons,  the 
bearing  should  be  moldable,  which  means  that  it 
should  be  either  injection-moldable  or  moldable  via 
transfer  molding.  For  cost  effectiveness,  probably  a 
6/10  nylon  with  modifiers  would  be  most  desirable  in 
the  long  run,  since  it  will  cover  a  wide  variety  of 
applications  and  is  relatively  inexpensive.  Other 
materials  which  can  be  utilized  are  polyethylene, 
polypropylene,  styrene  and  polyvinylchlorene,  all  of 
which  are  thermoplastics.  The  important  consider- 
ations  are  that  the  material  be  moldable  and  that  it 
have  a  pressure-velocity  value  of  no  less  than  1800 
at  100  feet  per  minute  surface  speed. 

The  construction  shown  in  Fig.  29  includes 
support  structure  comprised  of  a  housing  member 
320  in  which  a  sectional  shaft  321  is  mounted  for 
high  speed  motion  relative  to  the  housing.  This 
motion  may  be  either  longitudinal  or  rotary  about  its 
longitudinal  axis.  As  shown,  the  shaft  321  is 
comprised  of  one  section  322  which  is  tapped  as  at 
323  to  receive  a  threaded  end  324  of  the  other 
section  325  of  the  shaft.  The  end  of  the  section  325 
which  carries  the  threaded  portion  324  is  relieved  as 
at  326  to  provide  a  groove  within  the  shaft  321 
designed  to  accept  and  receive  the  bearing-seal 
assembly  to  be  hereinafter  described. 

Mounted  within  the  groove  326  is  a  continuous 
annular  bearing-seal  member  327  which  is  of  uniform 
radial  dimensions  throughout  in  cross-section,  as 
shown  in  Fig.  38  ,  and  has  a  tang  328  which  extends 
axially  outwardly  from  one  of  its  sides  into  a  small 
opening  provided  therefore  within  the  shaft  section 
325.  This  tang  328  precludes  relative  circumferential 
movement  between  the  bearing-seal  327  and  the 
shaft.  The  outer  circumferential  surface  of  the 
bearing-seal  327  is  equal  to  the  inner  surface  of  the 
tubular  housing  320. 

Mounted  behind  the  bearing-seal  327  is  an 
elastomeric  combined  spring  and  seal  329.  This 
combined  spring  and  seal  329  is  made  of  readily 
flowable  material  such  as  rubber  and  is  preferably 
polygonal  in  cross  section,  of  substantially  equal 
transverse  dimensions,  and  is  provided  with  convex 
corners  lobes  and  opposed  concave  sides,  the 
degrees  of  concavity  and  convexity  of  which  and  the 
maximum  and  minimum  radial  dimensions  of  which 
have  predetermined  values  within  critical  ranges  as 
described  above 

The  bearing-seal  member  327  is  continuous  and 
molded  of  plastic  material  having  inherent  self-lubri- 
cating  qualities  with  a  pressure  velocity  of  no  less 
than  1800  at  100  feet  per  minute  surface  speed.  This 

5  is  the  same  material  as  identified  above. 
As  pointed  out  herein,  this  material  has  a  very  high 

self-lubricating  inherent  quality.  I  have  discovered 
that  when  it  is  installed  in  combination  with  the 
elastomeric  combined  spring  and  seal  dimensioned, 

10  as  disclosed  herein,  such  a  seal  can  be  run  dry 
without  other  lubrication  for  extended  periods  far  in 
excess  of  bearings  heretofore  known. 

The  elastomeric  combined  spring  and  seal  329  is 
properly  dimensioned. 

15  Accordingly,  its  minimum  radial  dimensions  are 
preferably  60-70%  of  its  maximum  radial  dimensions 
and  the  radius  of  concavity  of  the  concave  sides 
approximates  24-33%  of  such  maximum  radial 
dimensions.  This  continuous  ring  may  have  minimum 

20  radial  dimensions  as  great  as  75%  of  its  maximum 
radial  dimensions,  but  such  a  ring  does  not  function 
nearly  as  well  as  when  the  said  radial  dimensions  are 
maintained  within  the  60-70%  range. 

Fig.  30  is  similar  to  Fig.  29  except  that  the  groove 
25  is  formed  in  the  housing  and  the  housing  is 

sectionalized,  rather  than  the  shaft.  The  shaft  330  is 
mounted  for  high  speed  movement  relative  to  the 
sectionalized  housing  331  ,  the  sections  of  which  are 
held  together  by  securing  means  332.  One  section  of 

30  the  housing  331  is  identified  by  the  numeral  333  and 
the  other  section  334  has  a  groove  335  formed  in  its 
inner  end  to  accomodate  the  continuous  annular 
bearing-seal  336  and  the  elastomeric  combined 
spring  and  seal  337.  The  bearing-seal  336  and  the 

35  combined  spring  and  seal  337  are  manufactured  of 
the  same  materials  as  the  bearing-seal  327  and  ring 
329  although,  of  course,  the  latter  is  of  larger 
diameter  because  its  interior  surface  bears  upon  the 
exterior  surface  of  the  bearing-seal  336  rather  than 

40  the  interior  surface,  as  shown  in  Fig.  29 
Fig.  31  shows  the  same  support  structure  as 

shown  in  Fig.  29.  This  support  structure  includes  the 
housing  340  and  a  sectionalized  shaft  341,  the  latter 
being  constructed  identically  to  the  shaft  321  .  The 

45  shaft  341  has  a  groove  342  formed  therein  to 
accommodate  a  continuous  annular  bearing-seal 
member  343  and  an  elastomeric  combined  spring 
and  seal  344  therebehind.  The  latter  and  the 
bearing-seal  343  are  constructed  indentically  to  the 

50  bearing-seal  and  spring  of  Fig.  29  except  that  it  is 
constructed  without  a  tang.  It  will  be  noted  that  it  is 
of  uniform  radial  dimensions  throughout  its  length.  It 
should  be  noted  that  the  combined  spring  and  seal 
shown  in  each  of  the  Figs,  herein  is  of  slightly  lesser 

55  axial  dimensions  than  the  width  of  the  groove  in 
which  it  is  mounted. 

Fig.  32  shows  a  support  structure  similar  to  that 
shown  in  Fig.  30  except  that  no  provision  is  made  for 
a  tang  in  the  bearing-seal.  As  shown,  it  includes  a 

60  sectionalized  housing  345  and  a  shaft  346  mounted 
for  high  speed  movement  relative  thereto.  A  groove 
347  is  formed  in  one  of  the  sections  of  the  housing  to 
accommodate  a  continuous  annular  bearing-seal 
348  which  is  biased  radially  inwardly  by  continuous 

65  elastomeric  combined  spring  and  seal  349.  The 
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radial  direction  so  as  to  urge  the  sealing  surface  of 
the  bearing-seal  against  the  sealing  surface  of  the 
shaft  377  lightly. 

Fig.  43  shows  a  cylinder  381  with  its  piston  382 
5  having  a  groove  383  formed  therein  to  accomodate  a 

split  ring  bearing-seal  384  which  is  rectangular  in 
cross-section  and  is  urged  outwardly  against  the 
sealing  surface  of  the  housing  by  an  elastomeric 
combined  spring  and  seal  385  which  is  mounted 

10  therebehind.  The  bearing-seal  384  is  manufactured 
of  the  same  materials  as  that  of  which  the  other 
bearings  described  herein  are  comprised  and  is 
molded.  The  combined  spring  and  seal  385  is 
manufactured  of  the  same  materials  as  those 

15  described  with  respect  to  the  other  combined  spring 
and  seals  shown  herein  and  with  the  same  propor- 
tions.  In  fact,  each  of  the  combined  spring  and  seal 
shown  and  described  herein,  with  the  exception  of 
the  O-ring  371,  has  the  same  relative  dimensions 

20  and  shape.  Also,  each  of  the  bearing-seal  shown  and 
described  herein  is  molded  and  is  comprised  of  the 
same  materials  as  described  with  respect  to  that 
shown  in  Fig.  29. 

I  have  found  that  the  bearing-seals  disclosed  and 
25  claimed  herein  are  highly  superior  to  those  heretofor 

known  and  can  be  manufactured  and  sold  at  a 
substantial  savings  over  bearings  heretofore  ma- 
chined  and  utilized.  Much  to  my  surprise,  I  have 
found  that  bearing-seals  of  the  type  shown  and 

30  claimed  herein  can  be  run  dry  without  the  use  of 
additional  lubricant  and  that  such  bearing-seals  will 
perform  for  much  longer  periods  than  those  hereto- 
fore  known.  The  tests  which  we  have  performed  to 
date  indicate  that  these  bearing-seals  will  in  all 

35  likelihood  enjoy  a  life  span  approaching  10  times  the 
life  span  of  bearings  heretofore  commonly  in  use  in 
the  industry.  In  each  case,  the  elastomeric  combined 
spring  and  seal  is  dimensioned  so  that  its  surface 
which  bears  against  the  bearing-seal  is  equal  to  that 

40  bearing  surface  and  circumference,  and  the  surface 
of  the  bearing-seal  which  bears  against  the  sealing 
surface  of  the  support  structure  is  of  the  same 
dimensions  as  that  of  the  sealing  surface  of  the 
support  structure.  Thus,  the  only  pressure  which  is 

45  applied  to  the  sealing  surface  of  the  bearing-seal  is 
transmitted  to,  and  imposed  thereupon,  by  the 
supporting  combined  spring  and  seal  disposed 
therebehind  for  the  purpose  of  applying  slight  radial 
pressure  against  the  bearing-seal  and  sealing  sur- 

50  faces.  The  forgiving  nature  of  the  combined  spring 
and  seal  maintains  the  seal  between  the  two  sealing 
surfaces  without  applying  undue  pressure  and 
consequent  wear  thereto.  At  the  same  time  it 
precludes  the  passage  of  fluid  around  the  bearing- 

55  seal  member. 
It  will,  of  course,  be  understood  that  various 

changes  may  be  made  in  the  form,  details,  arrange- 
ment  and  proportions  of  the  parts  without  departing 
from  the  scope  of  the  invention  which  consists  of  the 

60  matter  shown  and  described  herein  and  set  forth  in 
the  appended  claims. 

bearing-seal  348  and  the  combined  spring  and  seal 
349  are  manufactured  in  essentially  the  same 
manner  and  of  the  same  materials  and  have  the 
same  relationship  as  those  shown  and  described 
herein  with  respect  to  Figs.  29-31.  The  combined 
spring  and  seal  in  each  instance  is  mounted  under 
slight  radial  compression  so  as  to  cause  the 
bearing-seal  member  to  bear  against  the  sealing 
surface  of  the  support  structure  opposed  thereto. 

Fig.  33  shows  support  structure  350  in  which  the 
shaft  351  is  sectionalized  as  shown  in  Fig.  29  and  has 
a  groove  353  formed  therein  adapted  to  accommo- 
date  bearing-seal  354  which  is  L-shaped  in  cross- 
section  throughout  its  length  and  includes  a  tang 
355.  The  bearing-seal  354  is  continuous  throughout 
its  length  and  is  constructed  of  the  same  material  as 
the  bearings  hereinbefore  described  and,  likewise,  is 
molded.  An  elastomeric  combines  spring  and  seal 
356  is  mounted  within  the  groove  behind  and  within 
the  portion  of  the  bearing-seal  354  which  is  of  lesser 
radial  dimension  and  is  under  slight  radial  compress- 
ion  so  as  to  continuously  apply  slight  pressure  to  the 
bearing-seal  member  which  transmits  such  pressure 
against  the  sealing  surface  of  the  housing  opposite 
thereto.  Thus,  the  bearing-seal  has  a  sealing  surface 
357  opposite  to  and  bearing  against  the  sealing 
surface  358  of  the  housing. 

Fig  34  shows  support  structure  360  similar  to  that 
shown  in  Fig.  33  except  that  the  housing  361  is 
sectionalized  instead  of  the  shaft  362,  as  is  the  case 
in  Fig.  33  .  The  same  L-shaped  bearing-seal  363  is 
mounted  within  the  groove  364  and  the  elastomeric 
combined  spring  and  seal  365  is  mounted  behind  the 
portion  of  the  bearing-seal  having  the  lesser  radial 
dimensions  in  pressure-applying  relation  so  that  the 
inner  diameter  sealing  surface  of  the  bearing-seal 
363  is  brought  to  bear  gently  against  the  exterior 
sealing  surface  of  the  shaft  362. 

Fig.  44  shows  a  support  structure  366  which 
includes  a  sectionalized  housing  367  and  a  shaft  368 
mounted  therewithin  for  high  speed  relative  move- 
ment.  As  shown,  there  is  a  groove  369  formed  in  one 
of  the  sections  of  the  housing  367  and  a  continuous 
bearing-seal  370  is  mounted  therewithin  with  a 
conventional  O-ring  371  encircling  the  same  and 
bearing  thereagainst  while  under  slight  radial  com- 
pression.  While  a  construction  such  as  this  will  not 
function  as  well  as  those  shown  in  Figs.  29-34 
inclusive,  this  particular  combination  does  constitute 
an  improvement  over  other  bearings  heretofore 
known. 

Fig:  35  shows  support  structure  in  the  form  of 
housing  371  and  shaft  372.  A  split  ring  bearing-seal 
373  and  a  continuous  elastomeric  combined  spring 
and  seal  374  is  mounted  within  a  groove  375  formed 
within  the  shaft.  The  split  bearing-seal  member  373 
does  not  include  a  tang  and  therefore  the  bearing- 
seal  member  is  free  to  rotate  with  the  shaft  372. 

Fig.  36  shows  a  bearing-seal  similar  to  that  shown 
in  Fig.  35  but  different  in  that  the  groove  is  formed  in 
the  housing  376  instead  of  in  the  shaft  377.  The 
groove  378  accomodates  a  split  ring  bearing-seal 
379  which  is  urged  inwardly  by  the  elastomeric 
combined  spring  and  seal  380  which  encircles  the 
bearing-seal  379  and  is  compressed  slightly  in  a 65 
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12.  A  seal  assembly  according  to  any  of  the 
preceding  claims,  characterised  in  that  the  seal 
element  carries  an  axially  extending  tong  received  in 
a  recess  in  a  side  wall  of  the  groove. 

13.  An  elastomeric  seal  and  spring  ring  for  lightly 
urging  an  annular  seal  element  into  sealing  contact 
with  a  relatively  movable  surface,  comprising  a 
one-piece  annular  body  of  elastomeric  material 
having  a  generally  rectangular  or  right-angled  poly- 
gonal  cross  section  having  in  section  convexly 
curved  corner  portions  merging  with  concave  side 
faces,  characterised  in  that  the  minimum  thickness 
of  the  ring  is  6O-75<Vo  of  the  maximum  thickness 
thereof  in  the  normal  unstressed  condition  thereof. 

Claims 

1.  A  seal  assembly  between  a  shaft  member  and 
an  outer  member,  comprising  a  molded  annular  seal 
element  composed  of  readily  molded  plastics  ma- 
terial  having  inherent  self-lubricating  qualities  having  10 
a  pressure-velocity  value  not  less  than  1800  at  100 
feet  per  minute  surface  speed,  the  annular  seal 
member  being  located  in  an  annular  groove  in  the 
shaft  or  outer  member,  and  an  elastomeric  com- 
bined  spring  and  sealing  ring  arranged  with  the  15 
annular  seal  member  in  the  groove  and  engaging  at 
least  a  portion  of  the  seal  member  to  urge  the  seal 
member  radially  towards  the  outer  or  shaft  member, 
the  combined  radial  dimensions  of  the  said  portion 
of  seal  member  and  elastomeric  sealing  ring  in  its  20 
free  form  slightly  exceeding  the  radial  depth  of  the 
groove. 

2.  A  seal  assembly  according  to  claim  1  ,  charac- 
terised  in  that  the  annular  seal  element  is  split  at  at 
least  one  position  around  its  circumference.  25 

3.  A  seal  assembly  according  to  claim  1  or  2, 
characterised  in  that  the  ends  of  the  or  each  is  split 
overlap  in  the  circumferential  direction. 

4.  A  seal  assembly  according  to  any  of  claims  1  to 
3,  characterised  in  that  the  annular  seal  element  is  of  30 
constant  thickness  over  all  its  axial  length. 

5.  A  seal  assembly  according  to  any  of  claims  1  to 
3,  characterised  in  that  the  annular  seal  element  is 
L-shaped  in  axial  section. 

6.  A  seal  assembly  according  to  any  of  the  35 
preceding  claims,  characterised  in  that  the  overall 
axial  length  of  the  annular  seal  element  and 
elastomeric  ring  is  slightly  less  than  the  axial  width  of 
the  groove. 

7.  A  seal  assembly  according  to  any  of  the  40 
preceding  claims,  characterised  in  that  the  elas- 
tomeric  ring  has  a  generally  right-angled  polygonal 
cross  section  which  is  of  non-uniform  radial  thick- 
ness  across  its  axial  width,  the  minimal  radial 
dimension  being  60-75%  of  the  maximum  radial  45 
dimension  of  the  ring  cross  section. 

8.  A  seal  assembly  according  to  claim  7,  charac- 
terised  in  that  the  said  minimal  radial  dimension  is 
60-750/0  of  the  maximum. 

9.  A  seal  assembly  according  to  claim  7  or  8,  50 
characterised  in  that  the  seal  ring  has  in  cross 
section  concavely  curved  radial  and  axial  surfaces 
and  convex  corner  surfaces,  the  radius  of  concavity 
being  approximately  17-350/0  (for  example  28%)  of 
the  maximum  normal  cross  section  dimension  55 
between  the  pair  of  surfaces  (in  the  unstressed 
condition  of  the  sealing). 

10.  A  seal  assembly  according  to  claim  9,  charac- 
terised  in  that  the  radius  of  the  corner  lobes  of  the 
seal  ring  is  about  one  half  the  radius  of  concavity.  60 

11.  A  seal  assembly  according  to  claim  9  or  10, 
characterised  in  that  the  radius  of  the  corner  lobes 
of  the  seal  ring  is  about  14-16%  of  the  maximum 
normal  radial  distance  between  the  opposite  radial 
faces  of  the  seal  ring.  65 

10 
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