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@)  Sealings  rings  and  sealed  assemblies. 

@  A  sealing  ring  for  sealing  between  opposed 
surfaces  of  a  bore  (1)  and  a  rod  (2)  extending 
axially  in  the  bore  has  a  recess  (50),  preferably 
in  the  form  of  a  narrow  axially-opening  annular 
slot,  behind  one  or  more  sealing  lips  (32,33) 
thereof.  The  dimensions  of  the  recess  (50)  are 
selected  so  that  its  opposed  radial  faces  are 
squeezed  together  in  the  installed  condition  of 
the  seal,  giving  a  positive  radial  squeeze  of  seal 
material  behind  the  sealing  lips  (32,33).  The 
positive  squeeze  enables  a  stronger  sealing 
force  to  be  achieved,  while  the  presence  of  the 
recess  (50)  reduces  overall  radial  compression 
force  and  hence  avoids  excessive  friction. 
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This  invention  relates  to  sealing  rings  and  sealed 
assemblies.  In  particular  it  is  concerned  with  sealing 
rings  for  sealing  around  rods  in  bores  where  the  rod 
and  bore  are  relatively  axially  movable,  e.g.  as  in  hy- 
draulic  and  pneumatic  cylinders.  In  other  aspects,  the 
invention  relates  to  the  hydraulically  or  pneumatically 
operable  piston-cylinder  assemblies  themselves, 
with  the  sealing  rings  installed  therein. 

Sealing  rings  of  this  type  are  typically  seated  in 
an  annular  recess  of  the  bore  wall,  sealing  with  a  ra- 
dially-inwardly  directed  sealing  lip  against  an  axially- 
smooth  surface  of  a  rod.  This  is  called  a  "rod  seal". 
However,  the  invention  is  also  relevant  to  "piston 
seals",  i.e.  a  situation  in  which  the  sealing  ring  is  seat- 
ed  in  an  annular  recess  of  the  rod,  sealing  with  a  ra- 
dially-outwardly  directed  sealing  lip  against  an  axial- 
ly-smooth  surface  of  the  bore. 

The  present  concept  is  particularly  concerned 
with  single-acting  sealing  rings,  i.e.  for  handling  high 
pressure  from  one  axial  direction  only  and  therefore 
having  in  effect  a  high-pressure  side  and  a  low-pres- 
sure  side.  However  the  invention  may  have  some  ap- 
plication  with  sealing  rings  in  other  contexts. 

Aconventional  single-acting  sealing  ring  is  a  one- 
piece  elastomeric  unit  having,  on  the  low-pressure 
axial  side,  a  continuous  solid  support  or  body  portion 
and,  on  the  high-pressure  axial  side,  a  divergence 
created  by  an  axially-opening  channel  extending 
around  the  ring  and  separating  radially-inwardly  and 
radially-outwardly  facing  sealing  lips,  which  project 
radially  beyond  the  support  or  body  portion.  This  de- 
scription  refers  to  the  free  (pre-installation)  condition 
of  the  sealing  ring.  In  the  installed  condition,  the  sup- 
port  portion  or  body  need  not  make  contact.  Under 
high-pressure  conditions  it  may  sometimes  contact 
the  sealed  surfaces,  but  with  a  lower  pressure  than 
the  sealing  lip  and  hence  without  significant  sealing 
function. 

The  axially-open  channel  between  the  sealing 
lips  (or  behind  the  sealing  lip,  if  there  is  only  one)  is 
typically  exposed  to  the  fluid  pressure  on  the  high- 
pressure  side  to  assist  urging  the  sealing  lip  into  good 
sealing  engagement.  Another  known  type  of  sealing 
ring  has  the  channel  occupied  by  an  insert  with  very 
high  elasticity  which  "energises"  the  sealing  lip  to 
some  extent,  irrespective  of  the  pressure  conditions. 

Another  conventional  type  of  seal  is  the  solid- 
section  or  "O-ring"  seal,  essentially  a  solid  annulus. 
These  seals  have  the  drawback  that  in  some  circum- 
stances,  the  compression  required  to  achieve  a  desir- 
able  degree  of  sealing  results  in  an  undesirably  large 
frictional  force. 

The  aim  of  the  present  invention  is  to  provide  a 
novel  type  of  sealing  ring  and  sealed  rod-bore  instal- 
lation,  particularly  with  a  view  to  achieving  a  high 
sealing  force  but  with  less  friction  and  installation 
loading  than  the  known  "O-ring"  type  of  seal. 

In  general  terms,  we  use  a  sealing  ring  having  a 

sealing  lip  extending  around  it  and  with  a  recess  in  the 
material  of  the  ring  behind,  i.e.  in  axial  alignment  with, 
the  sealing  lip,  the  recess  having  opposed  inwardly 
and  outwardly  radially-directed  faces  which  are 

5  spaced  apart  in  the  free  condition  of  the  seal  but 
pressed  together  in  the  installed  condition  of  the  seal 
to  give  a  "positive  squeeze"  in  the  installed  condition, 
that  is,  a  continuity  of  compressed  seal  material  be- 
tween  the  opposed  sealed  surfaces  at  the  lip. 

10  By  this  means,  the  benefits  of  a  "positive 
squeeze"  are  achieved,  namely  a  substantial  and  self- 
energising  seal  force,  but  with  a  reduced  installation 
force  and  modest  friction  because  the  radial  compres- 
sion  of  the  ring  involved  in  installation  does  not  radi- 

15  ally  compress  the  full  volume  of  rubber  until  the  op- 
posed  faces  of  the  recess  meet. 

In  one  specific  aspect,  the  invention  provides  a 
sealing  ring  having  a  radially-directed  face  with  a 
sealing  lip  projecting  radially  relative  to  an  adjacent 

20  non-lip  region  by  a  distance  which  may  be  termed  the 
sealing  lip  projection.  There  may  typically  be  a  sealing 
lip  also  on  the  oppositely  radially-directed  face  of  the 
sealing  ring  as  well.  A  recess  in  the  sealing  ring  body 
extends  around  behind  i.e  in  axial  alignment  with,  the 

25  sealing  lip(s).  The  sealing  lip  projection,  or  total  seal- 
ing  lip  projection  if  there  are  two  opposite  sealing  lips, 
is  greaterthan  the  radial  width  of  the  recess.  This  en- 
ables  the  recess  to  be  closed  radially  when  the  seal- 
ing  ring  is  compressed  radially  from  the  free  condition 

30  to  the  working  condition. 
Alternatively  stated,  in  another  aspect,  a  sealing 

ring  of  the  invention  is  radially  compressible  between 
opposed  concentric  cylindrical  surfaces  so  as  to 
press  together  radially-opposed  faces  of  an  internal 

35  body  recess  extending  around  behind  the  sealing 
lip(s),  without  compressing  the  radially-facing  surfac- 
es  of  the  sealing  ring  into  full-face  contact  with  both 
of  said  cylindrical  surfaces.  This  definition  expresses 
the  function  of  the  sealing  ring  in  an  operational  con- 

40  text,  by  way  of  a  simple  test. 
In  a  further  aspect,  the  invention  provides  a 

sealed  assembly  in  which  a  radially-compressed 
elastomeric  sealing  ring  seals  between  surfaces  of  a 
rod  and  a  bore,  the  sealing  ring  having  an  annular 

45  sealing  lip  sealing  against  a  said  surface  and  an  in- 
ternal  recess  extending  in  the  body  of  the  sealing  ring 
behind  (i.e.  in  axial  alignment  with)  the  sealing  lip,  the 
internal  recess  being  pressed  shut  by  the  radial  com- 
pression;  this  creates  positive  squeeze  of  the  ring 

so  material  behind  the  sealing  lip  and  gives  enhanced 
sealing  force. 

In  a  further  aspect,  the  invention  provides  a 
method  of  sealing  between  a  rod  and  a  bore  in  which 
a  sealing  ring,  having  in  its  free  condition  an  open  in- 

55  ternal  body  recess,  is  fitted  between  the  rod  and  bore 
surfaces  to  give  an  installed  condition  in  which  radial 
compression  presses  opposed  radially-directed  inter- 
nal  surfaces  of  the  recess  radially  against  one  an- 

2 



3 EP  0  589  684  A1 4 

other. 
The  special  recess  of  the  seal  is  preferably  open 

at  one  side,  most  preferably  open  at  an  axially-direct- 
ed  face  of  the  ring,  so  that  it  closes  easily.  In  many 
sealing  rings  sealing  lip(s)  is/are  nearer  to  one  axial 
side  of  the  ring  than  the  other;  the  recess  may  then 
conveniently  open  at  that  axial  side,  extending  axially 
into  the  body  of  the  seal  behind  the  lip(s). 

The  recess  may  be  of  substantially  uniform  cross- 
sectional  shape  around  the  ring  e.g.  a  continuous  uni- 
form  channel. 

The  axial  extent  of  the  recess  should  be  sufficient 
to  provide  for  a  significant  compression  force  reduc- 
tion  behind  the  sealing  lip(s),  without  jeopardising  the 
integrity  or  working  stability  of  the  ring.  It  may  how- 
ever  vary  in  dependence  on  the  type  and  shape  of 
ring  involved.  Atypical  sealing  lip  is  the  extremity  of 
a  taper  or  divergence  of  the  ring  surface  from  a  sup- 
porting  or  body  level,  on  one  or  both  axial  sides  of  the 
sealing  lip.  A  support  or  body  portion  is  typically  solid- 
section.  In  this  case,  the  recess  preferably  extends 
behind  at  least  50%,  more  preferably  behind  at  least 
80%  of  the  axial  extent  of  the  outward  taper  or  diver- 
gence,  and  desirably  has  substantially  the  same  axial 
extent. 

As  explained,  the  recess  must  close  radially  in 
the  installed  condition  of  the  ring,  and  for  stability  is 
therefore  desirably  radially  narrow  compared  with  its 
axial  extent.  Usually,  its  axial  extent  is  at  least  twice 
its  radial  width  (mean  width,  if  the  width  varies).  Using 
the  above-mentioned  comparison  with  a  "total  seal- 
ing  lip  projection",  the  radial  width  is  usually  less  than 
80%,  more  usually  less  than  70%  of  the  total  lip  pro- 
jection  in  order  to  give  significant  positive  squeeze. 
Conversely,  the  radial  width  is  usually  at  least  30% 
and  more  usually  at  least  40%  of  the  total  lip  projec- 
tion,  to  give  a  significant  reduction  in  the  installation 
force  involved  in  compressing  the  ring. 

The  "sealing  lip  projection"  needs  to  be  deter- 
mined  in  a  way  appropriate  to  a  given  shape  of  seal. 
Normally,  it  is  the  greatest  distance  by  which  a  seal- 
ing  lip  projects  radially  beyond  axially-adjacent  non- 
lip  parts  of  the  same  face  of  the  ring.  In  the  usual  case 
in  which  an  adjacent  taper  or  divergence  leads  from 
the  adjacent  portion  to  the  lip  extremity,  the  projec- 
tion  can  be  taken  as  the  radial  extent  of  that  taper  or 
divergence. 

As  to  its  shape,  the  radially-opposed  faces  of  the 
recess  are  preferably  generally  straight  (in  section) 
i.e.  cylindrical  or  conical.  They  are  also  preferably 
substantially  complementary.  So,  a  slot  with  substan- 
tially  parallel  walls  is  suitable. 

The  invention  may  be  used  with  piston  or  rod 
seals.  It  may  be  used  with  a  main  seal,  or  in  an  aux- 
iliary  seal  e.g.  for  the  inner  (pressure  side)  sealing  on 
a  wiper  seal. 

In  one  particular  aspect  we  address  a  new  prob- 
lem,  namely  a  situation  in  which  one  or  both  surfaces 

to  be  sealed  against  is  not  a  smooth  single  curve.  A 
specific  instance  is  envisaged  where  it  is  desired  to 
prevent  rotation  of  a  rod  around  its  axis  in  the  bore 
e.g.  where  the  rod  carries  at  its  end  a  tool  whose  ro- 

5  tational  alignment  must  be  maintained.  For  example, 
the  rod  might  be  a  fluid-operated  robot  arm.  The  rel- 
ative  rotation  might  be  prevented  e.g.  by  using  two  cy- 
linders  side  by  side,  and  coupling  their  rods  together 
at  the  free  end.  That  is  awkward  and  bulky.  A  simpler 

10  solution  envisaged  is  to  provide  axially-extending  lo- 
cal  recesses  in  the  surface  of  either  the  rod  or  the 
bore  -  preferably  the  rod  for  convenience  -  which  can 
be  engaged  by  corresponding  projections  on  the 
other  part. 

15  However,  the  problem  of  how  to  achieve  effective 
fluid  sealing,  between  a  smoothly  curved  surface  and 
a  recessed  e.g.  grooved  surface,  is  a  serious  one. 

We  have  found  that  a  surprisingly  effective  seal- 
ing  can  be  achieved  by  using  the  present  concept, 

20  namely  by 
(1)  providing  the  sealing  ring  with  circumferential- 
ly-localised  projections  corresponding  to  the  re- 
cesses  e.g.  grooves,  to  be  sealed,  and 
(2)  providing  the  body  of  the  seal  behind  the  seal- 

25  ing  lip(s)  with  a  recess  -  a  channel  or  slot  -  which 
is  open  in  the  free  condition  of  the  ring,  but  closes 
behind  the  projections  when  the  seal  is  installed 
so  that  its  sides  are  squeezed  together,  urging 
the  projections  positively  into  the  recesses  to  be 

30  sealed. 
The  way  in  which  this  gives  effective  sealing  at  a 

discontinuous  cornere.g.  the  edge  of  a  groove,  is  dif- 
ficult  to  explain.  But,  it  can  be  said  that  the  presence 
of  the  slot  or  channel  provides  the  substantial  dimen- 

35  sional  flexibility  required  to  achieve  effective  sealing, 
while  when  closed  giving  the  extra  positive  squeeze 
that  is  needed  for  the  difficult  sealing  of  the  irregular 
surface,  without  causing  excessively  high  friction 
overall. 

40  Specifically,  this  aspect  of  the  invention  provides 
a  sealing  ring  having  a  radially-directed  sealing  face 
with  a  sealing  lip,  at  least  one  circumferentially  local- 
ised  radial  projection  of  the  sealing  lips,  and  a  channel 
extending  circumferentially  around  the  seal  behind 

45  the  sealing  lip  and  which  is  positively  squeezed  shut, 
at  least  behind  the  radial  projection(s),  when  the  seal- 
ing  ring  seals  between  a  rod  and  bore  in  use,  with  the 
or  each  projection  sealing  in  a  corresponding  surface 
recess. 

so  In  a  corresponding  assembly  aspect  we  provide 
a  fluid-drivable  cylinder  assembly  in  which  one  or 
more  radial  projections,  fixed  relative  to  a  cylinder 
bore,  engage  one  or  more  respective  axially-extend- 
ing  surface  grooves  of  a  piston  rod  which  is  axially 

55  slidable  in  the  bore,  to  prevent  relative  rotation  be- 
tween  the  two,  and  in  which  a  sealing  ring  seated  in 
an  annular  recess  of  the  bore  seals  against  the 
grooved  outer  surface  of  the  rod  with  a  sealing  face 

3 
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having  a  sealing  lip,  one  or  more  respective  radial  pro- 
jections  for  fitting  sealingly  into  the  one  or  more 
grooves  of  the  rod  surface,  and  a  channel  or  slot  in 
the  seal  behind  the  radial  projection(s)  thereof  and 
which  is  radially  closed  by  the  compression  of  the 
seal  between  the  rod  and  bore. 

The  sealing  ring  may  have  any  of  the  preferred 
features  mentioned  above.  The  rod  may  carry  a  tool 
or  manipulating  device,  e.g.  as  part  of  a  fluid-operat- 
ed  robot  arm. 

Embodiments  are  now  described  by  way  of  exam- 
ple,  with  reference  to  the  drawings  in  which: 

Figure  1  is  a  diametrical  and  axial  cross-section 
of  a  wiper  seal  assembly,  showing  the  installed 
condition  at  the  top  and  the  free  condition  at  the 
bottom; 
Figure  2  is  an  enlarged  cross-section  of  the  Fig. 
1  sealing  ring  in  its  free  condition  as  manufac- 
tured; 
Figure  3  is  a  corresponding  cross-section  show- 
ing  the  concept  applied  to  a  main  rod  seal; 
Figure  4  shows  a  grooved  piston  rod; 
Figure  5  is  an  axial  section  showing  the  piston  rod 
mounted  in  a  cylinder  bore  and  sealed  by  a  seal- 
ing  ring; 
Figure  6  is  an  axial  view  of  the  sealing  ring; 
Figure  7  is  a  radial  section  of  the  sealing  ring  at 
A-Aof  Fig.  6; 
Figure  8(a)  shows,  relatively  enlarged,  the  sec- 
tion  at  the  top  of  Fig.  7; 
Figure  8(b)  shows,  relatively  enlarged,  the  sec- 
tion  at  the  bottom  of  Fig.  7,  and 
Figure  9  is  a  fragmentary  view  in  the  direction  of 
arrow  "B"  of  Fig.  8(b),  i.e.  from  the  opposite  axial 
side  compared  to  Fig.  6. 
Figure  1  shows  a  wiper  seal  arrangement  which 

in  practice  operates  in  conjunction  with  a  main  rod 
seal,  not  shown,  for  a  hydraulic  piston/cylinder.  Such 
an  arrangement  is  per  se  well-known;  the  wiper  seal 
3  has  a  conventional  outward  wiper  lip  31  to  prevent 
entry  of  dirt,  and  radially  inner  and  outer  hydraulic 
sealing  lips  32,33  on  the  pressure  side,  to  prevent  es- 
cape  of  hydraulic  fluid.  In  a  manner  conventional  per 
se,  the  sealing  ring  3  sits  in  an  annular  recess  11  of 
the  cylinder  wall  1,  with  the  radially  inner  sealing  lips 
31,32  bearing  against  the  surface  of  the  rod  2  across 
a  small  clearance. 

Referring  now  also  to  Fig.  2,  the  sealing  ring  3  in 
its  free  condition  is  an  annulus  of  elastomer,  e.g.  con- 
ventional  nitrile  rubber  or  polyurethane,  of  generally 
rectangular  four-sided  cross-section  with  an  axially 
directed  face  40  (high-pressure  side)  towards  the  flu- 
id  pressure,  an  oppositely  axial  ly-directed  face  41 
(low-pressure  side),  a  radially-outwardly-directed 
face  42  (outer  sealing  face)  having  the  outward  seal- 
ing  lip  33  bearing  against  the  cylindrical  outer  wall  of 
the  bore  recess  11,  and  a  radially-inwardly-directed 
face  43  (inner  sealing  face)  having  the  wiper  lip  31 

and  the  inward  hydraulic  sealing  lip  32  which  press 
against  the  rod  2. 

On  the  inner  sealing  face  43  each  of  the  lips 
31,32  is  a  sharp  annular  edge  approached  by  a  re- 

5  spective  main  conical  taper  31  0,320  radially  inwardly 
from  a  central  waist  35,  the  radially  narrowest  part  of 
the  seal  body. 

The  low-pressure  side  41  is  flat  and  seats  against 
the  corresponding  flat  axially-facing  wall  of  the  bore 

10  recess  11  ;  the  wiper  lip  31  projects  at  its  radially  inner 
edge. 

The  outer  sealing  face  42  has  a  plain  cylindrical 
surface  36  at  the  low-pressure  side,  defining  the  out- 
er  part  of  a  generally  rectangular-section  solid  sup- 

15  port  body  portion  38  of  the  sealing  ring,  in  relation  to 
which  the  various  functional  sealing  parts  can  be  re- 
garded  as  projecting.  At  the  high-pressure  side  the 
outer  hydraulic  lip  33  is  defined  by  a  radially-outward 
conical  taper  330  from  the  edge  of  the  cylindrical  non- 

20  lip  body  surface  36  (corresponding  to  the  central 
waist  35),  leading  to  a  sharp  extremity  331  and  an  ax- 
ially-short  secondary  taper  332  to  the  pressure  side 
40.  The  inner  hydraulic  lip  32  has  a  corresponding 
secondary  taper  322.  The  inner  and  outer  hydraulic 

25  lips  32,33  are  substantially  opposite  i.e.  in  axial  reg- 
ister. 

The  pressure  side  40  has  a  radially-inner  region 
401  and  a  radially-outer  region  402,  separated  by  an 
annular  slot  50.  The  inner  and  outer  regions  401  ,402 

30  are  slightly  axially  stepped.  This  is  known,  to  improve 
fluid  pressure  "energising"  of  the  sealing  lips  32,33. 

The  annular  slot  50  extends  axially  about  half- 
way  through  the  body  38  of  the  ring;  this  is  substan- 
tially  as  far  as  the  waist  35  where  the  tapers  320,330 

35  of  the  sealing  lips  33,32  commence.  In  section,  its  op- 
posed  internal  faces  51,52  are  substantially  straight 
and  axial,  so  that  it  is  a  substantially  cylindrical  slot. 
In  fact,  there  is  a  very  slight  outward  divergence  of  its 
opposed  faces  to  facilitate  withdrawal  of  a  mould  por- 

40  tion  used  to  form  the  slot  50  when  the  ring  is  moulded. 
The  slot  50  is  about  three  times  as  deep  (axially) 

as  wide  (radially),  and  radially  substantially  narrower 
than  either  of  the  pressure  side  face  regions  401  ,402. 
Considering  this  in  more  detail,  the  mean  radial  width 

45  "a"  of  the  slot  is  about  85%  of  the  projection  "b"  of  the 
inner  hydraulic  lip  32  and  about  60%  of  the  total  pro- 
jection  "b  +  c"  of  the  two  hydraulic  lips  32,33.  For  ex- 
ample,  a  ring  3  of  about  60mm  diameter  has  a  radial 
body  thickness  (of  the  "waist")  of  about  5mm,  outer 

50  and  inner  hydraulic  lip  projections  of  about  0.4mm  and 
0.9mm  respectively,  closable  slot  width  of  about 
0.8mm  and  slot  depth  of  about  2.8mm. 

As  seen  in  Fig.  1,  this  relative  narrowness  of  the 
slot  50  enables  the  installed  sealing  ring  to  reach  a 

55  conventional  degree  of  radial  compression  of  the 
sealing  lips  32,33  without  necessarily  bringing  the  in- 
ner  and  outer  radially-directed  faces  42,43  of  the  ring 
into  full  all-over  contact  with  the  opposing  metal 

4 
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(which  would  create  high  friction),  at  the  same  time 
squeezing  shut  the  slot  50  and  thereby  achieving  a 
positive  squeeze  of  rubber  behind  the  hydraulic  seal- 
ing  lips  32,33. 

In  the  context  of  a  wiper  seal,  this  has  a  particular  5 
value.  It  is  possible  for  fluid  to  become  trapped  under 
very  high  pressure  in  the  space  (60,  Fig.  1)  between 
the  wiper  seal  and  the  main  seal.  This  trapped  pres- 
sure  can  sometimes  blow  a  conventional  wiper  out  of 
its  housing  recess.  With  the  positive  squeeze  provid-  10 
ed  by  the  present  ring,  the  trapped  pressure  that  can 
be  withstood  before  "blow-out"  is  markedly  in- 
creased.  At  the  same  time,  the  compression  force  re- 
duction  allowed  by  the  presence  of  the  closeable  slot 
50  makes  installation  simple  and  keeps  down  friction.  15 

As  mentioned,  however,  the  concept  is  not  limited 
to  this  particular  kind  of  ring.  It  has  use  in  many  struc- 
tures  where  a  "positive  squeeze"  seal  can  bring  ad- 
vantages.  Fig.  3  shows  a  corresponding  construction 
applied  to  a  main  rod  seal  103,  with  axially-aligned  in-  20 
ner  and  outer  hydraulic  lips  132,133  and  the  close- 
able  slot  150  between. 

The  radial  positioning  of  the  slot  may  be  varied. 
Generally,  it  will  be  in  the  central  50%  of  the  radial 
width  of  the  pressure  face.  In  the  wiper  seal  shown  25 
in  Figs.  1  and  2  it  is  well  clear  of  the  inner  lip  32  to  re- 
duce  the  likelihood  of  extrusion  damage  if  high  pres- 
sure  is  trapped. 

Figures  4  to  9  illustrate  the  concept  in  application 
to  the  special  case  of  a  grooved  rod,  where  it  has  30 
been  found  to  have  another  special  and  unforeseen 
utility. 

Figure  4  shows  a  portion  of  a  steel  piston  rod  502 
sectioned  to  show  that  it  has  a  circular  cross-section 
interrupted  at  six  peripheral  locations  by  alignment  35 
recesses  503.  Each  alignment  recess  is  a  groove  of 
uniform  circular  arc  cross-section,  extending  in  the 
axial  direction  along  the  rod  502.  The  six  grooves  are, 
in  this  embodiment,  arranged  as  three  pairs  spaced 
regularly  i.e.  at  120°.  The  radius  of  the  rod  502  is  e.g.  40 
2  to  3cm. 

Figure  5  shows  the  rod  installed  as  a  piston  rod 
in  the  cylindrical  bore  501  of  a  cylinder  housing  e.g. 
part  of  a  pneumatically-driven  robot  arm  construction 
in  which  the  rod  502  carries  a  controllable  implement.  45 
Near  its  external  opening,  the  bore  501  has  inwardly 
projecting  circular-section  lugs  505  which  engage  the 
corresponding  groove  503  of  the  rod  and  prevent  the 
rod  from  rotating  about  its  own  axis  relative  to  the  bore 
501,  while  permitting  it  to  slide  in  the  axial  direction.  50 

Additional  elements  such  as  wiper  seals  are  not 
shown,  for  simplicity's  sake. 

An  elastomeric  sealing  ring  504  is  seated  in  a  cyl- 
indrically-walled  annular  recess  of  the  bore  501  at  the 
gland,  sealing  against  the  rod  502  by  an  inner  sealing  55 
lip  508  and  against  the  wall  of  its  seating  recess  506 
by  an  outer  sealing  lip  507. 

As  seen  on  the  right  of  Fig.  5,  the  seal  504  is  ra- 

dially  thicker  at  the  groove  503  than  at  the  plain  por- 
tions  of  the  rod,  so  that  a  sealing  lip  portion  508b  pro- 
jects  further  into  the  bore  and  into  the  groove  503 
than  the  part  of  the  sealing  lip  508a  sealing  against 
the  plain  surface.  The  projecting  portion  is  projected 
against  extrusion  by  support  from  the  lug  505. 

The  conformation  of  the  seal  is  shown  in  detail  in 
Figs.  6  to  9. 

Referring  generally  to  Figs.  6  to  9,  the  radially  in- 
wardly  directed  surface  is  substantially  cylindrical  on 
the  low-pressure  side  at  the  support  body  517  or 
"heel"  of  the  seal,  which  is  solid  in  cross-section. 

From  the  solid  support  portion  517  -  which  is 
about  half  the  axial  extent  of  the  sealing  ring  -  the  in- 
ner  surface  has  the  sealing  lip  508  formed  firstly  by 
an  inwardly  tapering  slope  519  and  secondly  by  an  ax- 
ially  short  cylindrical  lip  extremity  520  at  the  radially 
inmost  part,  which  is  at  the  high-pressure  side  of  the 
ring. 

A  "flat"  lip  is  usual  in  pneumatic  seals:  for  a  hy- 
draulic  seal  a  sharp  edge  at  the  dynamic  seal  is  more 
usual. 

On  the  radially  outward  face,  the  outer  sealing  lip 
507  is  likewise  formed  by  an  outwardly  tapering  por- 
tion  521,  as  in  the  previous  embodiments. 

The  inwardly-directed  surface  has  three  pairs  of 
inwardly  projecting  nibs  540,  disposed  in  the  same 
layout  as  the  grooves  503  of  the  rod  502  so  as  to  en- 
gage  and  seal  those  grooves.  As  can  be  seen  from 
Figs.  6  to  9,  the  nibs  540  have  the  cross-section  of  a 
circular  arc.  They  have  a  non-sealing  portion  541  as 
a  bulge  of  the  support  body  517,  an  inwardly  tapering 
portion  542  as  a  bulge  on  the  inward  taper  51  9  of  the 
sealing  lip  508,  and  a  sectionally  flat  extremity  543  in 
register  with  the  flat  edge  520  of  the  sealing  lip  508. 
That  is,  each  nib  540  represents  an  inward  bulge  of 
the  entire  inner  surface  conformation. 

The  annular  slot  530  extends  right  around  the 
ring  with  uniform  cross-section.  As  seen  best  in  Fig. 
8,  it  extends  in  from  the  end  surface  525  for  approx- 
imately  half  the  axial  thickness  of  the  sealing  ring.  Ra- 
dially,  it  is  disposed  nearer  to  the  inner  surface  than 
the  outer  although  at  the  nibs  540  it  is  more  nearly 
half-way. 

The  shape  of  the  slot  530  is  generally  similar  to 
the  previous  embodiments.  In  particular,  the  width  "a" 
of  the  slot  530  is  less  than  the  sum  of  the  distances 
"b"  and  "c"  by  which  the  inner  and  outer  sealing  lips 
508,507  project  radially  beyond  the  non-sealing  sur- 
faces  of  the  seal  support  portion  517. 

The  proximity  of  the  slot  530  to  the  inner  lip  re- 
duces  the  force  required  to  flex  the  slot  shut,  and 
hence  keeps  friction  low. 

The  closing  of  the  slot,  and  hence  in  effect  the 
presence  of  solid  rubber  through  the  thickness  of  the 
seal  at  the  sealing  lip  location,  provides  a  "positive 
squeeze"  behind  the  sealing  lips  which,  we  find,  can 
give  relatively  good  sealing  even  at  the  very  difficult 
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angled  locations  at  the  edges  of  the  grooves  502.  The  recess  (50)  extends, 
seal  dimensions  are  selected  so  that  the  slot  does  not 
merely  close,  but  is  positively  squeezed  in  the  closed 
condition. 

In  the  specific  embodiment  shown,  suitable  di-  5 
mensions  are  as  follows.  Seal  diameter:  about  5cm. 
With  reference  to  Fig.  8(a),  the  sealing  lip  extensions 
"b"  and  "c"  are  each  about  0.7mm,  the  radial  seal 
thickness  "d"  about  6mm,  axial  seal  thickness  "f" 
about  7mm  and  the  radial  width  "a"  of  the  slot  530  10 
about  0.8mm. 

At  the  location  of  one  of  the  nibs  540  (Fig.  8(b)) 
the  radial  seal  thickness  d'  increases  to  about  7.2mm 
and  the  lip  extension  c'  of  the  inward  sealing  lip  508b 
decreases  slightly  to  about  0.6mm.  15 

It  will  be  understood  that  the  number,  location 
and  shape  of  the  nibs  or  projections  may  vary  accord- 
ing  to  the  specific  context  of  use.  Also  the  sectional 
form  of  the  sealing  lips  may  vary  from  one  application 
to  another.  20 

Claims 

1.  A  sealing  ring  suitable  for  sealing  between  op-  25 
posed  surfaces  of  a  bore  and  a  rod  extending  ax- 
ially  in  the  bore,  the  sealing  ring  having  a  radially- 
directed  sealing  face  (42,43)  with  a  radially-pro- 
jecting  sealing  lip  (33,32)  thereon,  and  a  recess 
(50)  extending  around  the  sealing  ring  behind  the  30 
sealing  lip,  the  recess  having  opposed  radially  in- 
wardly  and  outwardly  directed  faces  (51,52) 
which  are  spaced  apart  in  the  uncompressed  free 
condition  of  the  sealing  ring  and  pressed  together 
in  the  radially-compressed  installed  condition  of  35 
the  sealing  ring. 

2.  Asealing  ring  according  to  claim  1  in  which  the  re- 
cess  (50)  has  the  form  of  an  annular  channel 
opening  at  an  axially-directed  side  (40)  of  the  40 
sealing  ring. 

3.  A  sealing  ring  according  to  claim  1  or  claim  2  in 
which  oppositely  radially-directed  sealing  faces 
(42,43)  of  the  sealing  ring  each  have  a  respective  45 
radially-projecting  sealing  lip  (33,32)  thereon,  the 
sealing  lips  (33,32)  being  substantially  aligned 
axially  with  the  recess  (50  between  them. 

4.  Asealing  ring  according  to  any  one  of  the  preced-  50 
ing  claims  in  which  the  axial  dimension  of  the  re- 
cess  (50)  is  at  least  twice  the  radial  dimension 
thereof. 

5.  Asealing  ring  according  to  any  one  of  the  preced-  55 
ing  claims  in  which  the  radial  width  of  the  recess 
(50)  is  less  than  80%  of  the  total  radial  projection 
of  the  sealing  lip  or  lips  (33,32)  behind  which  the 
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