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A rod or primary piston seal with a primary seal facing the space to be sealed and a secondary seal directed away therefrom has
the primary seal fitted into a groove of a mounting element, which groove Is open towards the relatively movable machine part and
IS defined at a side distal from the space to be sealed by a first lateral surface extending substantially perpendicularly to the seal
axis, and the primary seal includes a sealing lip ring of tenacious plastic having a sealing lip engaging the machine part and being
forced against the machine part by a profiled ring of elastomeric material, which profiled ring Is supported on the base of the groove
and engages the sealing lip ring with its inner surface, whereby the sealing lip ring has an essentially rectangular profile between the
sealing lip and the end surface facing the distal side surface, the surface defining the sealing lip on the side facing away from the
pressure encloses a maximum angle of 8° with the sealing axis In the relaxed condition of the seal, and the sealing lip ring Is
penetrated by at least one relief opening which Is positioned between the high pressure side sealing lip and the outer surface of the
sealing lip ring and opens In the low pressure side end surface. Such a seal has a wide field of use, can be used independent of the
construction of the secondary seal, can be easily manufactured and is effective at the lowest pressure differentials. If a reversal of

the pressure condition occurs, the mouth of the relief opening Is uncovered and the liguid can flow back Iin opposite direction for
equalization of the pressure.
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Abstract

A rod or primary piston seal with a primary seal facing the space to be sealed and a
secondary seal directed away therefrom has the pri:mafy seal fitted into a gi'oove of a '
mounting element, which groove is open towards the relatively movable machine part and 1s
defined at a side distal from the space to be sealed by a first lateral surface extending
substantially perpendicularly to the seal axis, and the primary seal inclildes a sealing lip ring
of tenacious plastic having a sealing lip engagirig the machine part and being forced against
the machine part by a profiled ring of elastonﬁeric material; which profiled ring is supported
on the base of the groove and engages the sealing lip ring with its inner surfabe, whereby the: |
sealing lip ring has an essentially rectangular profile between the séa]jng lip ahd the end
surface facing the distal side surface, the surfaCe defining the sealing lip on the side facing
aWay from the pressure encloses a max1mum angle of 8° with the sealing axis in the relaxed
condition of the seal, and the sealing lip ring is penetrated by at least one relief opening
which 1s positioned between the high pressure side sealing lip and the outer surface of the
- sealing lip ring and opens in the low pressure side end surface.\ Such a seal has a wide field of
use, can be used independent of the construcﬁon,of the secondary seal, can be easily
manufactured and is effective at the lowest pressure differentials. If a reversal of the pressure
condition occurs, the mouth of the relief opening is uncovéred and the liquid can flow back ih

opposite direction for equalization of the pressure.
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PRIMARY ROD AND PISTON SEAL

Field of the Invention

The invention relates to seals and especially seals for axially movable rods and

pistons.

Background Art

Seal arrangements are generally used for the sealing of axially movable rods or
pistons 1n order to seal a high pressur_e side from a low pressure side. Seals of this type often *
include sealing lip rings made of ‘ a viscoelastic plaStic on PTFE (poly tetra fluoroethylene)
basis or a harder thermoplastic, which rings include one or more 'circumferentiel sealing lips.
On their exterior surface, the sealing lip rings are generally radially compressed by a profiled
ring of a softer elastomeric material for improved sealing.

The sealing lip ring and the profiled ring are installed in a housing groxv'e. When
multiple sequentially e:rranged seals are pfesent on a rod; an ihverted preSsure situation can be
generated upon translational movement of the two machine parts relative to one another. In
that situation, the initially presenf pressure g‘ra-dient, from the sealed high pressure space to
the low pressure space is reversed, svhit:h means the low pressure side beeomes the high
pressure side and the h1gh pressure side becomes the low pressure side. This can result in
unacceptable deformations of the sealmg lip ring, Wh1ch In turn can lead to’ 1eakage or
premature seal fallu.re A pressure inversion 1s generated especially upon a pressure drop on
- the high pressure 51de the sealed space and simultaneously a pressure buildup occurs in the
sealing space between the pnmary and secondary _seals and then remains at an _elevated
pressure level or only With great time delay once again decreases to the level of pressure on
the high pressure side. The pressure in the sealed space can thereby mount to a level
significantly above the maximum operating pressure Apart from the associated mcreased
friction within the sealing system as a whole, the sealing lip ring of the primary seal can also
become rotated under these conditions. The initial contact pressure of the sealing lip is
destroyed by plastic deformation and wear such that a sufficient sealing fu’hction 1s no longer

present. Thus, the undesired pressure buildup on the low pressure side and the potential for a
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pressure inversion p0531b1y damaging the sealing lrp 1S a srgmﬁcant problem with prior seals.

A sealing arrangement is known from DE 196 54 357 Al wherein at least one
connecting channel 1s provided in the contact surface of the sealing ring through which the
high and low pressure sides can be connected. A tension ring and the sealing ring with the
connecting channel are niutually oriented Such that the high pressure side of the channel is
closed by the tension ring during a normal pressure situation, while upon a pressure gradient
inversion the connecting channel is Opened The tension ring thereby functions as a one way
valve. This construction relies on the addltlonal tension ring and is potentially subject to
~malfunction upon fatigue of the tension rmg material.

Another attempted solution of the problem is apparent from DE 36 20 539 Al. Again,
a sealing ring of elastic plastic and a tension ring are used. The sealing ring, on its side facing
the rod has tuvo axially spaced apart annular sealing lips and has a least one channel
originating in an interior surface between the sealing lips and cOnnecting with and opening
into an\ exterior surface of the sealing ring; The opening of the channel is normally covered ‘
by the tension ring. A type of pressure release valve is created in this manner arrd as SOon as
the intermediate pressure between the sealin‘g lips exceeds the value of the surface pressure.
with which the tension ring rests agamst the opening of the channel, the tensron ring is lrfted
off the opening and the liquid can flow back through the channel into the space to be sealed
The intermediate space deﬁned by the two sealmg lips of the seal is thereby ventilated.
Agam, the additional tensron ring and 1ts tension force are required for proper operation of the

pressure equalization aspect.

Summary of the Invention

It 1s therefore an object of the inverrtion to provide a sealing arrangement which
includes a simpler construction for counteracting a pressure_ buildup in an interrnediate seal
space between individual axially spaced seals - -

It is another Ob_] ect to ensure that upon a pressure drop on the high pressure side, a
pressure buildup in the sealed space should not remain at the hrgher pressure level or follow
the pressure drop on the hi gh pressure srde only with a large time delay. At the same time,

only a small or no pressure increase should occur in the 1ntermed1ate seal space upon a

renewed pressure increase on the high pressure side.
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This object is achieved in a rod or primary piston seal in accordance with the
invention in that the sealing lip ring has an essentiially rectangular proﬁle between the sealing
lip and an end sufface, that the surface defining the sealing lip on the side facing away from
the pressure encloses a maximum angle of 8° with the sealing axis in the relaxed condition of
the seal, and that the sealing lip ring is penetrated by at least one relief passage .w.hich extends
between the high pressure side of the sealing lip, with an opening 1n the low pressure side end
surface. Such a seal has a wide ﬁeld of use, since it can be used independent of the
construction of the secondary seal. It can be easily manufactured and is effective at the lowest
pressﬁfe differentials. It operates tel’iably and 1s of simplified construction, since it does not
require any separate parts or rings functioning as a one way valve. As soon as a reversal of
the pressure condition oc¢urs, the mouth of the relief Qpening 1S uncovered and the liquid can
tlow back in opposite directioh. '

A preterred rod and primary piston seal in accordance with the invention includes a
primary seal adjacent the space to be sealed and a secondary seal spaced therefrom, whereby
the primary seal is inserted in a groove of a supporting element, the groove being open
fowards the relatively movable machine part and defined on a side remote fron_i the space to
be seaﬂed by 2 first side wall extending subStantially pefpendicularly to the seal axis. The
-primary seal includes a sealing lip ring of tenacious plastics material having first and sécond
end'-surfaces respectively adjacent and remote the space to be sealed and a sealin_g‘lip for
engaging the machine part and for being forced again‘sf the machine part by a profiled ring of
elastomeric material. The proﬁléd rng 1is supported on the bas‘e of the groove and with an
interior surface engages the seeilin.g lip ring. The sealing lip ring has an essentially rectangular
profile between the sealing lip and the second end surface facing the side surface of the
groove, and a surface defining the sealinglip\on the side facing away from thé sealed space
enclosing a maximum angle of 8° with the sealing axis in the relaxed condition of the seal.
The sealing lip ring is penetrated by at least one relief opening which is extends between the
high pressure side of the sealing lip in the outer surface of the sealing lip ring and the low
pressure side in the second end surface.

In order to achieve a high functional reliability it is possible to providé the séaling lip
ring on the first side with a cirdumferential supporting ridge and to Vénﬁlate the space '

between the sealing lip and the supporting ridge by at least one axial grodve in the supporting
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ridge. During its manufacture, the sup’porti_hg ridge is then preferably structured such that its
nominal diameter essentially corresponds with that of the sealing lip. -

In order to achieve an axial alignment between the sealing lip ring and the profiled
ring, the sealing lip ring can undercut the profiled ring on the second side directed away from
the space to be sealed. Furthermore the pressure ring can be supported with a lateral bulge on

the side wall of the groove closer to the space to be sealed.

" Brief Description of the Drawings .
The invention will now be described in more detail by way of example only and with

reference to the attached drawings, wherein

Fig. 1 1s a half axial .crosS-section through a rod seal with multiple sealing elements;
Fig. 2 1s an enlarged representation of the primary seal acco'rding to Fig. 1; and

Fig. 3 1s another embodiment of the primary seal in cross-section.

Detailed Description of the PreferredEmbodiment

Fig. 1 illustrates in cross-section agmounting element 5, for example a housing wall,
- which is penettated by a machine part 11. On the right side of the holding element 5 is the ‘
space to-be sealed 1. The seal arrangement includes various parts. A primary seal 2is -
provided which 1is placed adjacent the spa'ce} to be sealed 1 and a secondary seal 3 which 1S
positioned on the other side of the'primary seal from the space to be sealed. The secondary
seal 3 1s in the present exemplary embodiment a 1ip seal with a sealing lip 21. The seal
arrangement preferably also includes a double acting wiper 22. The latter consists of a séaling
ring 23 which is held by two cla.mping rings 24 and 25 and pressed against the machine part
11. A gwde ring 26 of appropriate material is preferably providéd for the rﬁachine element
11.
| The primary seal 2 is fitted into a groove 4 in the rnounting element 5. The groove has
a pair of side walls respectively proximal and:distal\t\o the sealed space. The distal groove
side wall 7 preferably éxtends perpendicularly to the seal axis 6. The primary seal 2 includes
a sealing lip ring 8 manufactured of a tenacious plastic, preferably PTFE, and has a sealing lip

9 engaging the machine part 11. The sealing lip ring 8 is forced against the machine part 11
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by a profiled ring 10 made of elastomeric material. The profiled ring 10 is supported on the
base 12 of the groove 4. The profiled 'ri_ng 10 rests with its radially inner surface 13 against
the sealing lip ring 8. The sealing lip ring 8 has a pair of ﬁrs\t and second axial end surfaeee.
respectively adjacent to and remote from the spaceto be sealed. The second end surface 14 of
the sealing lip ring 8 rests against the distal side wall 7 of the groeve 4 and has an esse'nt-_ially
rectangular profile. The -radially iﬁward surface | 15 of the sealing lip ring 8 extending between
‘the seahng lip 9 and the end surface 14 1s shghtly obllque and in the relaxed condition of the
seal 2 encloses an angle B with the seahng surface 20 or the seal ax1s 6 which 1s a maximum
of 8°. The sealing lip ring 8 has one or several circumfere_ntially distributed relief passages
16 which extend between the end surface 14 and the opposite axial end surface at a point
between the sealing lip 9 and the outer surface 13 of the sealing lip ring 8.

When an over pressure is present in the space to be sealed 1, the sealing lip nng 8
rests with its sealing lip 9 against the machine p'.art 11 and with ‘its- secohd end surface 14
against the distal side wall 7 of the groove 4. As soon as a liquid pressure has built up in the
intermediate space 27 between the pnmary seal 2 and the secondary seal 3 Which pressure is
higher than the one in sealed space 1, the pressuriZed liquid 1n the intermediate Spaee can
enter between the distal side wall 7 of the groove 4 and the second end surface 14 of the
sealing lip ring 8, from where it is then guided through the relief passage 16 into the sealed
sp'ace 1. ' | ' '.

The primary seal is shown in en]arged seale in Fig. 2. The sealing lip ring 8 and the
profiled ring 10 are inserted into groove 4. The sealing lip ring 8 is provided with the sealing
lip 9 which rests against the machine part 11. The sealmg lip rmg 8 rests against the distal
side wall 7 of the groove 4 remote from the sealed space 1 with the annular surface portion 29
of the second end surface 14 extending towards the central axis. The relief passages 16 are
positioned so thaf they can provide a connection betweela the sealed space 1 and the |
intermediate space 27 between the primary and secondary seals. The shape and location of
the relief passages 16 within the sealing lip ring 8 can thereby be arbitrary. It is important for
operation of the -sealing ring that upon a poSitive pressure gradient from the sealed space 1 to
the intermediate space 27 the second end surface 14 with the opening 30 of the relief passage
16 engages the distal side wall 7 of the groove 4 in such a v?ay that the opening is closed. The

sealing lip ring 8 is therefor forced against the distal side surface 7. As soon as the pressure in
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the intermediate space 27 exceeds the pressure in the sealed space 1, for whatever reason, the
| sealing lip ring 8 1s sh ghtly axially rnoved by that pressure in direction towardsthe sealed
space 1 so that liquid can escape from the intermediate space 27 mto the resulting gap .
between annular surface portion 29 and the distal side wall 7. From that gap, the liquid can
then flow to the opemngs 30 of the rellef passages 16 and through the relief passages 16 1nto
the sealed space 1 until the pressure is agaln equahzed

The cross-sectlon of the relief passages 16 1s preferably dimensioned such that already
at a relatively minor pressurization of the sealed. space 1 the sealing lip ring 8 is ax1a11y forced
towards the distal side wall 7 to rest with its second end surface 14 against the side wall 7 of
the groove 4. The angle & between the second end surface 14 and the radially inward surface
IS5 of the sealing lip ring 8 is preferably 90°. xThe two angles P respectively between the
second end surface 14 and the distal side wall 7 and the radially inward sufface 15 of the
sealing lip ring 8 and the outer surface 20 of the machinepart ll can be between 0 and 8°.
The angle o enclosed by the sealed space exposed side of the seahng lip 9 and the surface of
the machine element 11 can be adapted to the requlrements of the respective construction and
application. _ |

Another preferred embodiment of theprimary seal 2 1s shown in.Fig. 3,; wherein the
sealing lip ring 8 is further provided with a circumferential supporting ridge 3 1. The sealing
lip ring is additionally supported on th_e rn'achjne part 11 by this supporting ridge3 1. The
enclosed space 32 between the sealing lip 9 and the sUppor_ting ridge 31 is connected With
sealed space 1 by several axial grOoves 33. In this manner, the space 32 is ventilated. The
relief passages 16 are posmoned with their entry openings 34 i n the reglon of the axial
grooves: 33. The nomlnal d1ameter of the supportlng ndge 31 1s durmg manufacture '
essentially the same as the nominal diameter of the sealing lip 9.

F urthennore, in this preferred embodiment, the sealing lip ring 8 on the side faci:ng
away from sealed space 1 has a pro; ection- 35 w1th which it undercuts the proﬁled ring 10.
Additionally, the proﬁled ring 10 is provided with a lateral bulge 36 by which it is supported
on the ﬁrst side wall 37 of the groove. . o |
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CLAIMS:

1. Rod or piston primary seal, comprising

a mounting element having a groove open towards the relatively movable rod
or piston and being defined by a base, a side wall proximal to a space to be sealed and
a side wall distal to the space to be sealed, the distal side wall extending substantially
perpendicular to an axis of the seal;

a primary seal adjacent the space to be sealed and a secondary seal remote
therefrom:

the primary seal including a sealing lip ring having a sealing lip for engaging
the rod or piston and for being forced against the rod or piston by a profiled ring of
elastomeric material, the profiled ring being supported on the base of the groove and
with a radially inner surface engaging the sealing lip ring, the sealing lip ring having
first and second axial end surfaces respectively adjacent to and remote from the space
to be sealed and an essentially rectangular profile between the sealing lip and the
second end surface facing the distal side wall, a radially inward surface of the sealing
lip ring defining the sealing lip on the side facing away from the sealed space
enclosing a maximum angle of 8° with the seal axis in the relaxed condition of the
seal, and the sealing lip ring being penetrated by at least one relief opening extending
between the sealing lip and the outer surface of the sealing lip ring and opening in the
end surface, the sealing lip ring being axially movable in the groove between a sealed
position wherein the opening of the relief passage in the end surface is sealed by the
distal side wall of the groove and a second position wherein the sealing lip ring is
moved away from the distal side wall of the groove to allow communication of the

relief passage with an intermediate space between the primary and secondary seals.

2. Rod or piston primary seal according to claim 1, wherein the relief opening

has a cross-sectional surface of 0.19 to 3.1 mm?.

3. Rod or piston primary seal according to claim 1 or 2, wherein the sealing lip
ring on the side of the sealing lip facing the sealed space has a circumferential
supporting ridge and the space between the sealing lip and the supporting ridge is
ventilated by at least one axial groove in the supporting ridge.

7
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4. Rod or piston primary seal according to any one of claims 1 to 3, wherein the
supporting ridge during manufacture has a nominal diameter which is essentially the

same as the nominal diameter of the sealing lip.

5. Rod or piston primary seal according to any one of claims 1 to 4, wherein the
sealing lip ring undercuts the profiled ring with a radial projection at the second end

facing away from the sealed space.

6. Rod or piston primary seal according to any one of claims 1 to 5, wherein the
profiled ring has a lateral bulge for supporting the profiled ring on the proximal side

wall of the groove.
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Borden Ladner Gervais LLP/ s.rl.
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