-1 5 LI P SEAL HAVI NG | NCREASED CONTACT FORCE AT | NTERFACE AND APPARATUS

| NCORPORATI NG THE SAME TECHNI CAL FI ELD The present invention rel ates
generally to seals and, nore particularly, to lip- type seals having

i ncreased contact force at the interface of the seal and the conponent it
contacts in sealing a first area froma second area. 10 BACKGROUND Seal s
are conventionally used in maintaining a-pubstance, such as a fluid or gas,
| ocated in one area or zone from escaping to another area or zone while
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zone. For exanple, it may be desirable to maintain a lubricant in a

specified area or zone while keepi n% dust or other particulates from
entering ifto the sane zone and coRESHMNMSALNBIEIAR | ubricant. As will be

appreci ated by tho of ordinary skill in the art, th bi L
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between the two relatively novable nmachi ne conponents, greatly enhances

the worki ng effthponentij comtagth in seahinthi fest awadoneasecophareal so great!ly reduces
wear of such conponents, thereby increasing the usable Iife thereof. 25

Referring to FIG |A, a cross-sectional view of an exenplary prior art |ip-
type seal 140 is shown. The seal 10 iBACHd®OENDody portion 12 and a fl ared
lip portion 14. As shown in FIG_1 B, an external cornice 16 of the flared
lip portion 14 i sSednpiegopeentiopalbrysed én mapdainnga supstrncecsuch 23 M4 a seal

between two r %Ls?’icic\é%l(ﬂn one area or zone from escaping to another area or zone while
allowing relative movement of two or more mechanical components with one of the
mechanical components traversing through both areas or zones. Such seals may also

15  beused in keeping contaminants, such as dirt, dust or other particulate-type
materials, from entering into a specified area or zone. For example, it may be
desirable to maintain a lubricant in a specified area or zone while keeping dust or
other particulates from entering into the same zone and contaminating the lubricant.

As will be appreciated by those of ordinary skill in the art, the ability to

20  maintain adequate lubrication between to relatively movable machine components,
as well as the ability to limit contamindhts from entering between the two relatively
movable machine components, greatly enhances the working efficiency of the
machine components and also greatly reduces wear of such components, thereby
increasing the usable life thereof.

25 Referring to FIG. 1A, a cross-sectional view of an exemplary prior art lip-
type seal 10 is shown. The seal 10 includes a body portion 12 and a flared lip
portion 14. As shown in FIG. 1B, an external cornice 16 of the flared lip portion 14
is configured to act as a contact surface in forming a seal between two relatively
movable machine components 18 and 20. In the exemplary embodiment shown, the

30 lip seal 10 is configured to maintain a volume of fluid 22 in a zone 24 located
between the two relatively movable machine components 18 and 20.

The two relatively movable machine components 18 and 20 may be

representative of various devices. For example, the first machine component 18




novabl e machi ne conponents 18 and 20. In the exenplary enbodi ment shown,
the 30 lip seal 10 is configured to maintain a volunme of fluid 22 in a zone
24 | ocated between the two relatively novabl e nachi ne conponents 18 and
20. The two rel atively novabl e machi ne conponents 18 and 20 nay be
representative of various devices. For exanple, the first nmachi ne conponent
18 -2 may be a shaft of a hydraulic cyliogler wherein the first nmachine
conponent 18 reciprocates axially relative to the second nachi ne conponent
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to conventional tooling and manufacturing limitations, the cornice 16 of the lip
15 portion 14 of the seal 10 conventionally exhibits a radius which acts to distribute any
force applied to surface of the first machine component 18 over a larger area by
increasing the area of contact therebetween. If a given contact force is distributed
over a greater area of contact between the cornice 16 and the first machine
component 18, it becomes more difficult to effectively pierce the fluid film formed
20  on the first machine component 18.

Furthermore, while it might seem desirable to provide a cornice 16 with a
very small radius (e.g., approaching a point contact) various problems prevent the
use of a small radius or pointed cornice. For example, as noted before, due to
conventional tooling and manufacturing constraints, it becomes difficult to provide a

25  cornice 16 or contact surface with a sufficiently small radius, particularly in large-
scale production where accurate reproducibility of parts is required. For example, it
is believed that, due to conventional tooling constraints, it is difficult to consistently
and accurately reproduce the cornice 16 or similar contact surface with a radius less
than approximately 0.1016 millimeters (mm) (approximately 4 mils or 0.004 inch)

30  in large-scale production.

Additionally, in an effort to resist undue deformation of the lip 14 and

cornice 16 under loaded conditions, which undue deformation may occur, for




use of a small radius or pointed cornice. For exanple, as noted before, due
to conventional tooling and nmanufacturing constraints, it becones
difficult to provide a 25 cornice 16 or contact surface with a sufficiently
smal |l radius, particularly in |arge- scal e production where accurate
reproducibility of parts is required. For exanple, it 1is believed that,
due to conventional tooling constraints, -3t is difficult to consistently
and accurately reproduce the cornice 16 or simlar contact surface with a
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be formed at a desired interface angle with respect to the relatively moving machine

15 component while providing stability for such a contact surface.

DISCLOSURE OF INVENTION
In accordance with one aspect of the invention, a seal is provided. The seal
includes a substantially annular body portion and a substantially annular lip portion
20  extending from the body portion. The lip portion includes an arcuate segment which
exhibits a first radius. A substantially annular protrusion is formed on the lip
portion and includes an arcuate segment which exhibits a second radius which is less
than the first radius.
In accordance with another aspect of the invention, another seal is provided.
25 The seal includes a substantially annular body portion and a substantially annular lip
portion extending from the body portion. The lip portion includes a first segment
and a second segment joined by an arcuate segment. A substantially annular
protrusion is formed on the lip portion, the protrusion including a first segment
joined with an arcuate segment. The first segment of the protrusion is configured to
30  be substantially perpendicular to the second segment of the lip portion. The
protrusion may also include a second segment joined with the arcuate segment

thereof and located adjacent the second segment of the lip portion. The second




i ncludes a substantially annular body portion and a substantially annul ar
lip portion 20 extending fromthe body portion. The lip portion includes
an arcuate segnent which exhibits a first radius. A substantially annul ar
protrusion is formed on the lip portion and includes an arcuate segnent
whi ch exhibits a second radius which is less than the first radius. In
accordance wth another aspect of the invgntion, another seal is provided.
25 The seal includes a substantially annular body portion and a
substantial ly_ann L rt] e [ td The lip
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segment. A sulsgh@nt ofthe Yipgortidnar protrusion is formed on the lip portion
the protrusion including a first segnent %oined with an arcuate sgggent.
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seal i ng nmenber 1s disposed between the first
machine element and the second machine element so as to contact a surface of the

O

15  first machine element with the protrusion such that the first segment of the
protrusion is substantially perpendicular with the surface of the first machine
element. The first machine element is moved relative to the sealing member while
contact is maintained therebetween so as to wear a substantial volume of the
protrusion away, thereby leaving a ridge segment between the second segment of the

20  lip portion and the arcuate segment of the lip portion, which is substantially

perpendicular to the surface of the first machine element.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other advantages of the invention will become apparent
25  upon reading the following detailed description and upon reference to the drawings
in which:
FIGS. 1A and 1B show cross-sectional views of an exemplary prior art lip-
type seal;
FIG. 2A is a perspective view of a sectioned portion of a lip-type seal
30  according to an embodiment of the present invention;

FIG. 2B is an enlarged sectional view of a lip portion of the seal of FIG. 2A;




machi ne el enent and the second machine el enent so as to contact a surface
of the 15 first nmachine elenent with the protrusion such that the first
segnent of the protrusion is substantially perpendicular with the surface
of the first machine elenent. The first machine elenent is noved relative
to the sealing nenber while contact is naintained therebetween so as to
wear a substantial volune of the protrusson away, thereby |eaving a ridge
segnent between the second segnent of the 20 |ip portion and the arcuate

segnent of the lip A Qn, m%' i L al r k4 to the
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FIG 3 after wdhéchamay bewssd imficcohdansewith thepteen@@vemmnsF show addi ti onal
exenpl ary configurations of |ip-type seals which may be used in accordance
with the present invention. 10 BEST MODE(S) FOR CARRYI NG QUT THE | NVENTI ON

Referringipo FI G 2A BESTMEDE(SYBORIGARRVPENSEHT I8 INVEROYON The seal 100

Referring to FIG. 2A, an exemplary lip-type seal 100 is shown. The seal 100
is shown in perspective view and is sectioned such that only approximately half of
the seal 100 is shown. In actual use, the seal 100 is configured as a substantially
annular member as will be appreciated by those of ordinary skill in the art. The

15 seal 100 includes a body portion 102. A first lip portion 104 extends from the body
portion 102 and flares radially inwardly relative to the body portion 102 to define an
inner periphery 106 of the seal 100. A second lip portion 108 extends from the body
portion 102 and flares radially outwardly relative to the body portion 102 to define
an outer periphery 110 of the seal 100. It will be noted that other seal configurations

20  may be used including some which are illustrated and described below.

The seal 100 is desirably formed as a unitary member such that the lip
portions 104 and 108 are contiguous and integral with the body portion 102. The
seal 100 may be formed of any of various materials including, for example,
polyurethane, nitrile rubber (NBR), neoprene, silicone or other suitable elastomers.

25 Referring now to FIG. 2B, an enlarged cross-sectional view of the first lip
portion 104 is shown depicting the profile thereof. It is noted that the features and
construction of the first lip portion 104 may be applicable to the second lip
portion 108 as well. However, it is contemplated that the features disclosed in
conjunction with the first lip portion 104 hereinbelow provide a particular advantage

30  when formed on a lip portion which is intended to be placed against the surface of a

machine element which is moving relative to the seal 100.




is shown in perspective view and is sectioned such that only approxi mately
half of the seal 100 is shown. In actual use, the seal 100 is configured
as a substantially annular nmenber as will be appreciated by those of
ordinary skill in the art. The 15 seal 100 includes a body portion 102. A
first lip portion 104 extends fromthe body portion 102 and flares
radially inwardly relative to the body pogtion 102 to define an inner

peri phery 106 of the seal 100. A second |ip portion 108 extends fromthe
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112 and 114. '%xﬁrﬁBfe, approximately 0.0508 to 0.508 mm (approximately 0.002 to 0.020 of an
inch) from the angular transition.
Referring to FIG. 2C, a further enlargement of the lip portion 104, including
the protrusion 118, is shown. It is noted that the cross section of the lip portion 104
shown in FIG. 2C is not cross-hatched for purposes of clarity.

20 As set forth above, the protrusion 118 may be located generally along the
projected transition of the arcuate segment 116 with the second segment 114. The
protrusion 118 also includes a first surface or segment 120 on the intended fluid side
of a seal formed between two relatively moving machine elements, a second surface
or segment 122 located on the intended nonfluid side of the seal, and an arcuate

25  surface or segment 124 located between and joining the first and second
segments 120 and 122 of the protrusion 118. As will be appreciated by those of
ordinary skill in the art, due to practical considerations regarding tooling, it becomes
difficult to form a transition between any two nonparallel surfaces (e.g., the first and
second segments 120 and 122 of the protrusion 118) as a true angle and without a

30  radius at any significant level of mass production.

The arcuate segment 124 of the protrusion 118 exhibits a radius which is

desirably smaller than the arcuate segment 116 if the lip portion 104. For example,




protrusion 118 extends fromthe lip portion 104 and is | ocated generally in
the area where the second segnent 114 transitions to the first segnent 112
such as adjacent 10 to, or even contiguous with, the arcuate segnent 116.
It is noted that while the exenplary enbodi ment includes a transitional
arcuat e segnment 116, the first and second segnents 112 and 114 could
transition by neeting and formng a corngr or angle therebetween. In such
a case, the protrusion 118 could be fornmed al ong the second segnent 114 and
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smal | as 0. 10t6nfignre (bt protrssiar 113 D0Y than die)sevdridl segmbigt 122 of dicepregnemt 18124 of
the protrusi Or}or%r%s%n%ﬁfe Jn%{e relative to the second segment 114 of the lip portion 104. The
15  acute angle formed by the second segment 122 of the protrusion 118 acts as a base
to stabilize the protrusion 118 such as, for example, during axial reciprocation of a
machine element relative thereto.
Furthermore, it may be desirable to position the protrusion 118 such that the
first segment 120 thereof adjoins with the arcuate segment 116 of the lip
20  portion 104. For example, the first segment 120 of the protrusion 118 may be
located upstream (e.g., nearer to the first segment 112 of the lip portion 104) from
the projected transition 125 between the second segment 114 and the arcuate
segment 116 of the lip portion 104 (indicated with dashed lines) a distance “D” of
approximately 0.0508 mm (approximately 2 mils or 0.002 inch).
25 Also, it may be desirable to configure the protrusion 118 to project outwardly
a specified distance from the lip portion 104. For example, the protrusion may
project a distance “X” of approximately 0.01905 to 0.0381 mm (approximately 0.75
to 1.5 mils or 0.00075 to 0.0015 inch) in a direction which is substantially
perpendicular from the second segment 114 of the lip portion 104.
30 It is noted that the location and configuration of the protrusion 118 may vary

from the examples set forth above. For example, the first segment 120 of the

protrusion 118 may be located to be substantially even with and adjoining, or even




exanpl e, exhibit a radius of approximately 0.01905 to 0.0381 mm
(approximately 0.75 to 1.5 mls or 0.00075 to 0.0015 inch). Such exenplary
di rensions may be 5 obtained, for exanple, by formng a nold for the seal
100 wherein the arcuate segnment 116 for the lip portion 104 is first cut
or formed in the nold with a first tool and then the arcuate segment 124
of the protrusion 118 is cut or fornmed inr8the nold using a second, sharper
tool. Still referring to FIG 2C, the protrusion 118 may be strategically
configured 1@oafienddatigh®rbdendthesstofebtell R@nditioh PPI bdtRBenl®Bd sedopd exanmpl e, it
may be desirable to orirent the first segnment 120 of the protrusion 118
such that it isegneenbdi4nand telagcupierspgmentddbaf thedin pertiore1@cond segment 114 of

the lip portion 104. .1t m | e.desirahl.e .to configure the protrusion
115 sueh that the Restind By ReR 25 s GRSl RSP i Bt e
angl e rel ati vendcRink RRnfRe B3Warkiegsesid thi¢hifd elbhent 132 iR@iidnAer shidflar thliigat 15

acute angle forned by the second segnent 122 of the protrusion 118 acts as

a base to 8t abreviouslitdsscihedtwithsicepech ted16Se hAzad 1Borlt s0atpd|that, Whert ng axi al
reci procation. i r (] . . e [ it may
be desirable tngsftapl)%g ibgl&ge%ht eetwﬁﬁg%drﬁansei C%h%fkéﬁ%hgﬁﬁfhgﬁuoﬁg&ﬂf |O§§:trggssglgrrent

120 thereof adjightisinwatdly birthedirstundchirkagemenit 130 @s te préteusionpl 13Goptactsiaon 104.
For exanple, the fi{lst se{g_rrent 120 of the protrusion 118 nay_ be | ocated
upst r eam ( e. g Surtaredhaeok dUisHurther ngted Shay thgprotrysiond 1§ jscopfigupd and ¢ienigsly)

from the proj L EJ . d the
arcuate  seqnant LR 1R, fhacian BRRRE f Aen B B SRS nee) a
di stance "ID" @fotrajpmrldSidefihed a/substasd]yrpertemdjpotax interfae yangle b itsontac tix) 2
inch). 25 Al so, fit Ogali e desi.rahle to %o%fiﬁ]?ure he protrusion.118 to
proj ect out warHifee of st paghingiFlemaptldlr SYAY  ranfiguatas A GHeRigion For
exanpl e, the %E&J‘i&éésd 1RRtVEY hidh QnBet forceHnitBNERs thE coffacBRE A coipagion
0.01905 to 0.0381 mm (approximately 0.75 to 1.5 mls or 0.00075 to 0.0015
inch) in a di mgtta pronani schl o hevibg & aimilaalyl opnfigened erdivsivna The inpmeased second
segnent 114 of_ the [li ortiqn 104. 30 11 ig noted that the .lqgcatiopn and
confi gurati on 08?ta‘ftht18r%ro§f:rr %gq(agﬁe]dlaigl, ﬁ%ve@ 25 g\e suf)ﬁantlaﬂy perpendlcﬁar intefhcé

15  of the protrusion 118 with the fluid 134, serves to improve the ability of the seal 100

to penetrate the fluidic film (not shown) which conventionally develops on the first
machine element 130. Furthermore, a seal configured in accordance with the
present invention also provides reduced leakage between two relatively movable
machine elements in comparison with prior art seals.

20 The configuration and orientation of the protrusion further allows for an
improved fluid seal even after substantial wear of the seal 100, and more particularly
the protrusion 118, has occurred. For example, referring to FIG. 4, a cross-sectional
view of the seal 100’ is shown after use and wear has been experienced. While the
protrusion 118 has significantly worn away, a small ridge 136 remains which still

25  retains the desirable feature of being substantially perpendicular to the surface of a
machine element (not shown in FIG. 4 for clarity) when installed and in contact
therewith. The perpendicular relationship between the ridge 136 and the surface of
the machine element again helps to penetrate any fluidic films formed thereon.
Thus, the present invention not only provides an improved seal when initially

30 installed but also provides for improved performance over and increased life of the

seal 100.




fromthe exanples set forth above. For exanple, the first segnent 120 of
the protrusion 118 nay be |located to be substantially even with and

adj oining, or even -8 positioned slightly behind, the projected transition
125 between the second segnment 114 and the arcuate segnment 116 of the lip
portion 104. Referring nowto FIG 3, the seal 100 is shown installed
between a first nmachine elenent 130 and-@ second nmachine elenent 132 in a
manner simlar to that 5 previously described with respect to FIGS. 1A and

1B It Ts noted t hibererthiffiol ASFRI.6 DSEARGHRed 0BRGP RS ATRARGN o

the lip portion 104 1s conpresse y 1 nwar by the first machi ne
el ement 130 asaylbe ipcopporated duto d8s t@ ad08F af various slapes et ewffigutations

further noted that the profrusjon 118 is configured and orien , With

respect to t h&Ufl %%ais RBXHE eépé?@mp?%engwmeﬁafpetsa%nsﬁ lrSQtanézg%m 120 of

the 10 protrugi i . ] . | ST angl e

as i1 cont act SUppict tEofEn (EPls UREHARI0A bt POITPEELEUERn bOLGH RIS

confi gur at 5 on aadhd0&DD respeaivelyn Sipilany,ddser acal ebmponeaksysubh ghbaokinigast f orce and

reduces the contact area in conparison wth g .prior ar{tgﬁgL E havi ng a
5 5 overdsa

simlarly confStEoIELYRs BRBSISdn2 mayehs ineqrRaated infosHeL e

reduced area, ras wldirdS diRgHIRHiARIG dpplibRiReRdisEM @tndpirer f ace 15 of
t he protrusi oﬁlS ve\:/iltr ’th%ﬁ?ﬁ%i d1134, sg)vles to ir?prove trhe ability of the

seal 100 to penetrate the fluidic film (not shown) which conventionally
devel ops on the first machine el enent %%R%\P Furthernore, a seal configured
in accordance with the present i nvent} I provi des reduced | eakage

between twy rel ati valyt fipihabbee, a¥BARLARREE MRS dafceCRPMeipp&BntM t h pri or
art seals. 20 The configuration and oriéentati on of the protrusion further

al | ows for aninvenpewyeducds|ledkage befweew byp mpyvahle mabling plemghts e eompdrisphe seal

100, and nore rticul.arl th rotrusion 118, s . occurred., E | e,
referring to e prigr el 1t {EsPiBhoned O adodpopRmBERIOIER: il SRR
after use and iieatiohdsakagewasdgemisatethe rdiidee by e aviragd 6 Lepipaxithd8lynas
significantly worn away, a small ridge 136 remains which still 25 retains

the desirabl e H&ature of bei ng substantially perpendicular to the surface

of a 15 More specifically, two groups of seals were tested wherein the first group of

seals included four seals configured as substantially described with respect to

FIGS. 1A and 1B, having a 0.1016 mm (0.004 inch) radius at the leading edge of the
lip and without a protrusion formed at or near the lip portion of the seal. This first
group served as a control group.

20 The second group of seals included four seals configured in accordance with
the present invention such as described with respect to FIGS. 2A-2C and FIG. 3,
having a protrusion formed thereon. Both groups of seals were formed as a “U-cup”
type seal formed of a polyurethane material.

The seals were disposed in contact with a surface of a first machine element

25  and within an annular groove, or a gland, of a second machine element in a manner
similar to that described with respect to FIG. 1B and FIG. 3 above herein. The first
machine element was a cylindrical shaft which was axially displaceable relative to
the second machine element. One side of the formed seal between the two relatively
movable machine elements has a pressurized vessel of petroleum-based hydraulic

30  oil. The open end of the “U-cup” configuration of the seals was disposed towards
the pressurized side. A wiper seal was placed on the downstream, or

nonpressurized, side of the seals to prevent dust or other particle contaminants from




machi ne el ement (not shown in FIG 4 for clarity) when installed and in
contact therewith. The perpendicul ar rel ationship between the ridge 136
and the surface of the machine el enment again helps to penetrate any
fluidic films forned thereon. Thus, the present invention not only

provi des an inproved seal when initially 30 installed but also provides for
i nproved performance over and increased lipfe of the seal 100. -9 Referring
nowto FIGS. 5A - 517, as nentioned above, the present invention nay be

| ncor por at ed Eﬁéﬁn§ﬁglv§ss%p%e'ex?‘e%)ﬁ sfife of d Wiper &'ﬁﬁ@??e%@%&@%é Shigh ons.
Such seals may 1 ncltude, for exanple, various garter-type springs 150 and
150" di sposedirbetween the first |ip portions 104A and 104D and second lip

portions 108A 5 and 108D respectively. Sim.larly, other seal conponents
such as backi ng orgup%ﬁ?‘iﬁi‘itﬁgz 9&%‘“?%‘;%‘eﬁhgh>l‘§i{%‘d$}a‘&@q%%?‘ﬁo‘yaast ed into
such seal s 108Rpracd2Raydfom @Wpr@fsuﬂ@eﬂ VeR6bl a AERERE DTS5 0N célHnSREE tem) (6
application and servicé thereof EXAMPLE 10 As set forth above, a ‘seal

confi gur eds i nircbe rtimmelecity of28 4fd 2 pnetere per mimpenin/onny (@d dest pel remkitege  bet ween
t bl hi. ts i i ith.prj t ls. | t est
per formed o HCBUAY. FFY Bubeseebd Sharing cepthe iPLaSte N lB S | cakage
was det er m negrat RsPah emgme@wmwqus@goﬁﬂ%@ﬂm RN (psHIVThd 5 Mor e

specifically, two groups of seals were tested wherein the first group of
seal s i ncl udeshdfipar fissemiaghine alemgnt; s thengligpdacad taverd thedwesspiizedyepiel &

he' Feadi ng cabenbs O G Gol it vastionddr Bk o amlE Yephcor ™ R

l'ip portian ofelithe t6 @&l secdddl hadhificsdlemelitOwHih SRy wesstl gsugd pe@Rtde@t group. 20
The second group of seals included four seals configured in accordance with

the present i AEAXIElE dOR0 28l dedisplacgmgnt andsubssgpent rejumm afghe Hist 2C and
FIG 3, havi c@agre%}{eﬂﬂv%ccfngfd@?eqatéﬂ?g'lg’f?%le.BOth groups of seals were

formed as a

Each shaft was subjected to 25,000 cycles in accordance with the above-
described process. Any hydraulic oil which escaped the exterior of the vessel
15  through the seal was collected and weighed on a gram scale. The average leakage
for the control group of seals was 4.66 grams of hydraulic oil. The average leakage
for the seals configured in accordance with the present invention was 1.35 grams of
hydraulic oil.
While the invention may be susceptible to various modifications and
20  alternative forms, specific embodiments have been shown by way of example in the
drawings and have been described in detail herein. However, it should be
understood that the invention is not intended to be limited to the particular forms
disclosed. Rather, the invention includes all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

25  following appended claims.




type seal fornmed of a polyurethane material. The seals were di sposed in
contact with a surface of a first nmachine elenent 25 and within an annul ar
groove, or a gland, of a second nmachine elenent in a manner simlar to
that described with respect to FIG | B and FIG 3 above herein. The first
machi ne el enent was a cylindrical shaft which was axially displaceable
relative to the second machi ne el enent._.i@ne side of the forned seal
between the two relatively novable nachine elenents has a pressurized
vessel of petrol eumbased hydraulic 3ogiAIMSThe open end of the "U cup”
configuration of the seals was di spose ds the pressurized side. A

w per seal was placed on the downstream or nonpressurized, side of the
seal s to prevent du%t, or other particle contam nants from-10 entering the
vessel . The eVktiglaigiedds:of the wiper seal was exposed to the anbi ent

air. During each test, the cylindrical shaft, or first machine el enent, was
di spl aced away fromthe pressurized vessel a distance of 15.24 centineters
(cm) (6 5 Pnches) &t a Wedeak¢omprising?8. 6512 nmeters per minute (mmin) (94
feet per mnute frimn rel.ative to the second machi ne el ement, while

t he vessel gaﬁﬁgbsg?’nilgg%?@m?/\r/a]t’sodplé’gglotnhan 0. 345 Mega Paschals (MPa) (50
pound per squarsgbdtaiially Bsdular lipihetion &a&tidin@froinl the bodyasrioe tied lggpsttion Was

t hen displaced toward the pressurized vessel a distance of 6 inches (back
to its original pobPYingAY atepaty sogmenvhyclogxhabitsrafirgh radivgadn 10 rel ative to
t he second maghi | : roxi mat el
2,000 psi . Tha Hr SesfiaERa e ol KRR bh oAb B P RRE L Re -
el ement was consi deegnaent whichgdxbititsal secoridaadius wafch isvkss thab ttedimstdadias.25, 000
cycles in accordance with the above- described process. Any hydraulic oil
whi ch escaped the exterior of the vessel 15 through the seal was coll ected

and wei ghed on a gpam Sef%bSCaIBFEIaﬁ‘MQr@H&"elnecﬁgé&gndf*afa'iustilé‘feSQQfaﬁrOl group of

seal s was 4.66 grans of raulic oil. The average | eakage for the seals
configured i napposintaely®. Mil6mitleetpr esent i nvention was 1.35 grans of

15 3. The seal of claim 1, wherein the lip portion further comprises a first
segment adjoining the arcuate segment of the lip portion on a first side thereof and a
second segment adjoining the arcuate segment of the lip portion on a second side
thereof and wherein the protrusion is formed at least partially along the second
segment of the lip portion.

20

4. The seal of claim 3, wherein the protrusion further includes a first
segment adjoining the arcuate segment of the protrusion on a first side thereof and
wherein the first segment of the protrusion is also adjacent the arcuate segment of
the lip portion.

25

5. The seal of claim 4, wherein the first segment of the protrusion is

substantially perpendicular to the second segment of the lip portion.

6. The seal of claim 4, wherein the protrusion further includes a second
30  segment adjoining the arcuate segment of the protrusion on a second side thereof
and wherein the second segment of the protrusion is also adjacent the second

segment of the lip portion.




hydraulic oil. Wile the invention nmay be susceptible to various

nodi fi cations and 20 alternative forns, specific enbodi nents have been
shown by way of exanple in the draw ngs and have been described in detail
herein. However, it should be wunderstood that the invention is not
intended to be limted to the particular forns disclosed. Rather, the
invention includes all nodifications, equival ents, and alternatives
falling within the spirit and scope of the invention as defined by the 25
foll owi ng appended clainms. -11 CLAIMS Wat is clained is: 5 1. A seal
conprising: a substantially annular body portion; a substantially annular
lip portion extendi7ng f Thewsdahef daity 6 pwhdreiarhe teoend sggmpot ¢fitbeprobrasipmes an
arcuat e segment, which exhibits a first radius; and a ug tantially annul ar
protrusion foPHededa afcuieiagelsarith tapechin thy seqem F?ﬁ?é‘?“io %‘ei’é’ “whi ch
exhibits a second radius which is less than the first radius. 2. The seal
of claim1, wherein the second radius is |less than approximtely 0.1016
mllinmeters 15 3. 8he s&ht sail of tlainmlwheskiarthé protrigion ispcopguried to ¢antacher

conprises a first e nt -adj oi.ni ng the arcuate, segne f . the |]p.portion
on a first si a'ér_%?‘]r‘?é)ﬁég%%éw&y EJOV @88%(5}“&85%3}?{‘?3@} %ﬁ%f’lﬂgﬁef ﬁ]@t %ergg}fgt segment
of the lip pokid MBr@FoRisTBRAATS il subbanRly RAENWREIE With thesupfadé bt oN i S
formed at |east partially along the second "segment of the |lip portion. 20

4. The seal ofelatielymeyablperaghine elemept enoneongat therewitBr i ncl udes a first
segnent adj oi ning the arcuate segnment of the protrusion on a first side
thereof and wherein the first segnent of the protrusion is al so adjacent
the arcuatie segnmen®. of The seal of claim 4, wherein the first segment of the protrusion is

displaced a predetermined distance from a projected transition between the second
segment of the lip portion and the arcuate segment of the lip portion towards the first
segment of the lip portion.

15 10.  The seal of claim 9, wherein the predetermined distance is

approximately 0.0508 millimeter.

11.  The seal of claim 4, wherein the protrusion projects outwardly
relative to the second segment of the lip portion a distance of approximately 0.01905
20 to 0.0381 millimeter.

12.  The seal of claim 1, wherein the first radius is approximately 0.1016

millimeter and the second radius is approximately 0.01905 to 0.0381 millimeter.




the lip portion. 25 5. The seal of claim4, wherein the first segnment of
the protrusion is substantially perpendicular to the second segnent of the
lip portion. 6. The seal of claim4, wherein the protrusion further

i ncludes a second 30 segnent adjoining the arcuate segnment of the
protrusion on a second side thereof and wherein the second segnent of the
protrusion is also adjacent the second sggnent of the lip portion. -12 7.
The seal of claim6, wherein the second segnent of the protrusion is

oriented at an acu angl ect to the second segnment of the lip
portion. 5 8. The tég'al o) S%%wg}l{rhr%&%ﬁher ein the protrusion is configured to

contact a suekalsstantibllanieilatbodepyrtivayabl e machi ne el ement and wherein the

first segment of the protrusion s configured to be substantiall
per pendi cul ar aheess opp@ibsiantialbpanglar g poptingxicpding %ﬂgﬁﬂ d%ﬂemoﬂe%&a&rrent

upon contact therey,th,,. :h?) ]ﬁ)rtio Eudtd @oeft wiMaR eohiBitd Headidsiott
I 'spl ace

segnent of the protrusion-i’s a predeterm ned distance from a
proj ected f$ransiti apprbeinviten 0t10&6 seltiomder, s figtrecpment adjbiming the ponsteon and t he

arcuat e segnment of the i orfion towards the fir f t [
portion. 15 10. Thée%’éejé‘lto_g %@F%?%OQ??WPQF%?W“(% ﬁb?’éﬁ@?&?’ﬁ?&éﬂ%ﬂ’g gnclepi s
appr oxi mat el y 0. 05Q& sk bLaiRfisy t-heljailcuaty‘é%%n%@nﬁlofﬂie ANkt liphpeii &l oh 4 he

protrusion projects outwardly “relative To the second segnent of the lip
portion a di stance sedfondpidedharecdt aid/ 0. 01905 20 to 0.0381 nmillineter. 12.

A R C IR XIAE MECNTRER G P
mllimeterng -13 13arda@@ebmERNAiESEXEbits a radius of approximately 0.01905 to 0.0381
millimeter, and a first segment adjoining the arcuate segment of the
protrusion on a first side thereof wherein the first segment of the protrusion
is also adjacent the arcuate segment of the at least one lip portion and
wherein the first segment of the protrusion is substantially perpendicular to
15 the second segment of the at least one lip portion, and wherein the first
segment of the protrusion is displaced a distance of approximately 0.0508
millimeter or less from a projected transition between the second segment of
the at least one lip portion and the arcuate segment of the at least one lip
portion towards the first segment of the at least one lip portion.
20
14. A seal comprising:
a substantially annular body portion;
a substantially annular lip portion extending from the body portion having a first
segment and a second segment angularly disposed relative to the first
25 segment; and
a substantially annular protrusion formed on at least a portion of the second segment
of the lip portion, the protrusion including a first segment joined with an
arcuate segment wherein the first segment of the protrusion is substantially
perpendicular with the second segment of the lip portion.
30
15.  The seal of claim 14, wherein the first segment of the lip portion and

the first segment of the protrusion are located on an intended fluid side of the seal.




a substantially annul ar body portion; at |east one substantially annul ar
lip portion extending fromthe body portion, the at |east one lip portion
havi ng an arcuate segnment which exhibits a radius of 5 approximtely 0.1016
mllinmeter, a first segnent adjoining the arcuate segnment of the at | east
one lip portion on a first side thereof and a second segnent adjoining the
arcuate segnent of the at |least one |lip paction on a second side thereof;
and a substantially annular protrusion formed on the at |east one lip
portion having an 10 arcuate segnment which exhibits a radius of
approximately 0.01905 to 0.0381 mllineter, and a first segnent adjoining
the arcuate segnent6of tTheseapoDilhins i S wiiein tid first segindst dfhiee Bpportibeard n t he
first segment of the protrusion is also adjacent the arcuate segnent of
the at |east 8isserond ssamentod thalip poitien aredokd by pp gtcuaie SREMENtof t he
protrusion is substantially perpendicular to 15 the second segnent of the
at least one lip portion, and wherein the first segnent of the protrusion
i s displaced a di sttanceTaé segbpf cainmhé,eblyeréin i@ otrodidd adjeihebothrthd assaté r om a
projected transition_between the secqond segnent of, the at |east one lip
portion and t Resms¢aht l’é’éﬁ’ﬁé?ﬂm@ftﬁ?ﬁ@té?g“%é‘ég{thﬁﬁgﬂoﬁﬁn' portion towards
the first segnent of the at | east one |ip portion. 20 14. A seal

conprising: a substantially annul ar body portion; a substantially annular
lip portion extendilBg f Mhest¢dhef tlony 1 porhdrein thafisnsggmeht ofshe progrgsents and a

second segment.. a arly disposed.re] at| o.1.he fi.rst 25.seqgnent... and a
subst ant i gl ly dbsﬁ%%g‘il? dﬁ%&?‘% ?pé’ﬁoxf‘%‘?{?\@'db'gﬁogta‘f“lfl@ﬁgef lfrgmpao?rﬂe&?gélfanflﬁgn second
segnent  qf t BervdeR tRAebbdd begtnlft SIMRS iy $b1@i0n iaRE tHédir AteAselmest of HRIRE N

joined with an arcuate segnent wherein the first segnment of the protrusion
i s subst ant i alpbstiongewpids theclinsbsegmientofithelis pewiod. segment of the |ip portion.

19.  The seal of claim 18, wherein the protrusion projects outwardly
relative to the second segment of the lip portion a distance of approximately 0.01905

15  to 0.0381 millimeter.

20.  The seal of claim 14, wherein the arcuate segment of the protrusion

exhibits a radius of less than approximately 0.1016 millimeter.

20 21.  The seal of claim 14, wherein the protrusion further includes a second
segment adjoining the arcuate segment of the protrusion and wherein the second

segment of the protrusion is also adjacent the second segment of the lip portion.

22.  The seal of claim 21, wherein the second segment of the protrusion is

25  oriented at an acute angle with respect to the second segment of the lip portion.




30 15. The seal of claim 14, wherein the first segnent of the |ip portion
and the first segnent of the protrusion are |located on an intended fluid
side of the seal. -14 16. The seal of claim 15, wherein the first segnent
of the lip portion and the second segnent of the lip portion are joined by
an arcuate segnment. 5 17. The seal of claim 16, wherein the protrusion

adj oins both the arcuate segnent of the.jstp portion and the first segnent
of the lip portion. 18. The seal of claim17, wherein the first segnent of

the protrusion is i spl i e _of approximtely 0.0508 mllineter
N R

froma projected transi he second segnent of the lip
portion and t héiramgithine etoagpment of the lip portion towards the first
segnent of the lip portion, 19. The seal of claim 18, wherein the
protrusion pr BF%‘E’@“W%WSFI:H“}FMP’@V&IPFF@QVGW%"Léré‘c‘Bﬁﬁ“ FRRFRL B the 1ip

por i on & di 43058 Abs ARG TR 51 YorRack 43ne 5 hAcAn0BBACM diet er . 20.

The seal of clarm wherel n the arcuate segnent of the protrusion

exhi bits asradi us sécohésmchinarleampt, tha srak @imprBing016 mllinmeter. 20 21. The
seal of claim 14, wherejn.the protrusion.further includes a second segnent
adj oi ni ng the arcua? %‘béﬁ‘ﬁ%rﬁm%’r‘ﬁ‘fh% PPBEPYsi on and wherein the second

segnent of the protysisPphd s%bahﬁim@%ﬁﬁlﬁpﬁpP&ﬁoﬁ%ﬁﬁﬁangﬁgﬂﬂﬁ&bmythe lip
portion. 22. The seal of claim?2l, "wherein the second Segnent of the

protrusion is 25 ori entpeaution, tehatdeast encligpation havingsipercrate segnpat yhidnd

segnent of the lip portion.,.-15.23. An apparatus conprising: a first
machi ne el ement; a seconﬁ‘%ﬂmaﬁﬁfgr F‘é‘ﬁ’eaﬁ@ novabl e relative to the first

machi ne eljgnent; angsyRtasfaly dinsRe peAnRRhIBeRedditktht Bt le@hbactip pbitidnt he first
machi ne el enment and the 5 second nmachine el ement, the seal conprising:
having an arcuate segment which exhibits a second radius which is

less than the first radius.

24.  The apparatus of claim 23, wherein the at least one lip portion further
15 comprises a first segment adjoining the arcuate segment of the at least one lip
portion on a first side thereof and a second segment adjoining the arcuate segment of
the at least one lip portion on a second side thereof and wherein the protrusion is

formed at least partially along the second segment of the at least one lip portion.

20 25.  The apparatus of claim 24, wherein the protrusion further includes a
first segment adjoining the arcuate segment on the protrusion of a first side thereof
and wherein the first segment of the protrusion is also adjacent the arcuate segment

of the at least one lip portion.

25 26.  The apparatus of claim 25, wherein the first segment of the protrusion

is substantially perpendicular to the second segment of the at least one lip portion.

27.  The apparatus of claim 26, wherein the protrusion further includes a
second segment adjoining the arcuate segment of the protrusion on a second side
30  thereof and wherein the second segment of the protrusion is also adjacent the second

segment of the at least one lip portion.




a substantially annul ar body portion, at |east one substantially annul ar
lip portion extending fromthe body portion, the at |east one lip portion
havi ng an arcuate segnment which exhibits a first radius, and 10 a
substantially annular protrusion forned on the at |east one |ip portion
havi ng an arcuate segnent which exhibits a second radius which is |ess
than the first radius. 24. The apparatus.igt claim?23, wherein the at |east
one lip portion further 15 conprises a first segnent adjoining the arcuate
segnent of the at ast i I : | i and a
second segnent adj g?’ni ngﬂgﬁ%&g&%ﬁg{%é@%ﬁgvﬁ refcl)l# ﬂl%:sﬁc;dng? © eg{ét?) ?ghr?e lip
portion on a peREMKdNIS cferitéibataalacate dnyib evith resfehetophotacosd smgmiest offthe ated at

| east partially along the second segnent of the at |east one lip portion.
20 25. The apPafnGdibdioréethi m 24, wherein the protrusion further includes a
first segnent adjoining the arcuate segnent on the protrusion of a first
side thereof and wherein the first segnent of the protrusion is also

adj acent the arcuate. sedhenpparaths vhelaiat 23, sdeteintie protpusporis configuzsl 6. The

apparatus of claim25, wherein the fir segnent of th rotrusi.on is
substanti al | y PP eriach a’tegat’tvglé r%‘é"@%t?dn%"g’b‘ﬁe%‘?m% a’f“ﬁgﬁﬁ’i‘ﬂ tgﬁglfﬁone lip
portion. 27. The,aRBRiRHsrRiork 3bihigRed WRIBbfartiafly PEDehdighifwiih iHeher
includes a second segnent adjoining the arcuate segment of the protrusion
on a second sisudacd®ftivercktifelymoiowshkerneadhinerrdersens opein segans therofith: he

protrusion is also adjacent the second segnent of the at |east one lip
portion. -16 28. The apparatus of claim 27, wherein the second segnent of

the protrnygsion is3gri enthedppdratdl ofElbine2 SR Leintiid firkespmeht dfahd fretragcond
segnent of the at least one lip portion. 5 29. The apparatus of claim 25,

wherein the prodisplesasin predeomiingldistancedrors smreiectediratsitiondetigendhe gcard vel y
movabl e machi ggglgclen%%?ﬂ{e & ﬁ]é!lsm%rheﬂ ﬂz)rtti&eagcf th brcuate segment of the at least one lip

portion towards the first segment of the at least one lip portion.

15 31.  The apparatus of claim 30, wherein the predetermined distance is

approximately 0.0508 millimeter.

32.  The apparatus of claim 24, wherein the protrusion projects outwardly
relative to the second segment of the at least one lip portion a distance of

20  approximately 0.01905 to 0.0381 millimeter.

33.  The apparatus of claim 23, wherein the first radius is approximately
0.1016 millimeter and the second radius is approximately 0.01905 to 0.0381
millimeter.
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segnment of the protrusion is configured to be substantially perpendicul ar
with the surface of the relatively novabl e machi ne el enent upon cont act
therewith. 10 30. The apparatus of claim25, wherein the first segnent of
the protrusion is displaced a predeterm ned di stance froma projected
transition between the second segnent of the at |east one |lip portion and
the arcuate segnent of the at |east one liiyjp portion towards the first
segnent of the at least one lip portion. 15 31. The apparatus of claim 30,
wherein the predet ﬁ"]ng%“k§5&@%8m¥ﬁ“n pproxi mately 0.0508 mllinmeter. 32.
The appar at us of c aim erein rotrusion projects outwardly
relative to thérgecmhtheebgnent of the at Ieast one lip portion a di stance

of 20 approximately O. 3190 to 0.03 egllll 33. Thg 1ﬁ\ t us of

clai m 23, wheP&fong meachineSfemengmoyable relafiyedy réi pachjne; neter and
the second radisyg dﬁs@p?ﬁgﬁfe@\%&eﬂ%ﬁllﬂ Sttt 99 tB@ﬁ{%t fraBine @?ehfehtr@fd%e 25 -17
34. An apparatus conprising: a first machine elenent; a second nmachi ne

el enent novabl e r ebadondmachmbleh:nfant st]ne seacdvnmeisgigenent ; and a seal disposed

bet ween and in cont act w|1 the1 rrgchi ne el enent and the 5 second
machi ne el enent, t ASURKANtalY AN %rlbr? yp 8"¥0bst antial |y annul ar body porti on;

a substantially anaurdially BRI WHiGNEH B RIASLARGOMRS Kivay havi ng
a first segnent and a second segnen uI arly disposed relative to the
first segment; and 10 afsﬂbsmmtlaadhyecz@n a¢gmend pagularky dispdsed rbalivero e | east
a portion of the second gegnen of the lip portion, the protrusion
including a first segrrerﬁ ‘Q th an arcuate segnent wherein the first

segment ofjot he a substantially annular protrusion formed on at least a portion of the second

segment of the lip portion, the protrusion including a first segment
joined with an arcuate segment wherein the first segment of the

protrusion is substantially perpendicular with the second segment of

the lip portion.
15
35.  The apparatus of claim 34, wherein the first segment of the lip
portion and the first segment of the protrusion are located on an intended fluid side
of the seal.
20 36.  The apparatus of claim 35, wherein the first segment of the lip
portion and the second segment of the lip portion are joined by an arcuate segment.
37.  The apparatus of claim 36, wherein the protrusion is disposed on both
the arcuate segment of the lip portion and the first segment of the lip portion.
25

38.  The apparatus of claim 37, wherein the first segment of the protrusion
is displaced a distance of approximately 0.0508 millimeter from a projected
transition between the second segment of the lip portion and the arcuate segment of
the lip portion towards the first segment of the lip portion.
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protrusion is substantially perpendicular with the second segnent of the
lip portion. 15 35. The apparatus of claim 34, wherein the first segnent of
the lip portion and the first segnent of the protrusion are |ocated on an
intended fluid side of the seal. 20 36. The apparatus of claim 35, wherein
the first segnent of the lip portion and the second segnent of the lip
portion are joined by an arcuate segnent.1837. The apparatus of cl ai m 36,
wherein the protrusion is disposed on both the arcuate segnent of the lip
portion and the fikrgt s L J: ?%ﬁn% s of
claim 37, wherein tg %’e flq?g?ﬁéaéghrrseéﬁa%l*d ﬁig‘q{p?{r’écl}?{rhg ion insr;ml §§P§§ia3&lg

di stance of apgative totiesdeyorfil @5A8nNd1 the lip pertioh ralistancp ob pEmoxidatdy 8.049Q5 on
bet ween t he secg{r(])g s&g@snt of the lip portion and the arcuate segnent of
the lip porti&h SaPHEmetE. £ r st segnent of the lip portion. 30 -18 39.
The apparatus of claim 38, wherein the protrusion projects outwardly
relative to the second segnent of the lip portion a distance of

approxi mately 0.01905 (The@pRBa&ts nf ¢lhinnd4,evherdin 4@ ardhate wgpantatfike of cl ai m

34, wherein the arcuate.segnment of t pr ot 1. usj i bi.t.s radi us of

| ess than appPEUHREibes %Gi(g“%?‘irIF?S%?%!‘Ppr%ima{Fﬁ’go'E@@dpﬂ{lﬁgéﬁf cl ai m 34,
wherein the protrusion further includes a second segnent adjoining the
arcuate segnment of the protrusion and wherein the 10 second segnment of the
protrusion is al so4ddj addnrppdratus efdain 3bgrhersin gfe nrpeusiopfuriherinplydes 42, The
apparatus of claim4l, wherei.n t.he second nt . Lon is
oriented at aﬁe%{’é’g]t%@%ﬂala O\ﬁl{l%h]reeag‘bugget se%éﬁ%ﬁe&rgﬁgélgﬁ81}%\?{?&%1?&%%e lip

10 second segment of the protrusion is also adjacent the second segment of the lip

portion.

42.  The apparatus of claim 41, wherein the second segment of the
protrusion is oriented at an acute angle with respect to the second segment of the lip

15  portion.

43. A method of forming a seal between a first machine element and a
second machine element which is movable relative to the first machine element, the
method comprising:

20  providing a sealing member having a body portion, a lip portion extending from the
body portion having a first segment, a second segment and an arcuate
segment positioned between and adjoining the first and second segments of
the lip portion, and a protrusion formed on the lip portion, wherein the
protrusion has at least a first segment adjoined with an arcuate segment;

25  disposing the sealing member between the first machine element and the second
machine element including contacting a surface of the first machine element
with the protrusion such that the at least a first segment of the protrusion is
substantially perpendicular with the surface of the machine element; and

moving the first machine element relative to the sealing member while maintaining

30 contact therebetween so as to wear a substantial volume of the protrusion

away, thereby leaving a ridge segment between the second segment of the lip




15 portion. 43. A nethod of form ng a seal between a first machi ne el enent
and a second nmachi ne el enent which is novable relative to the first
machi ne el enent, the nethod conprising: 20 providing a sealing nenber
havi ng a body portion, a lip portion extending fromthe body portion
having a first segnent, a second segnent and an arcuate segnment positioned
bet ween and adjoining the first and second.segnents of the |ip portion,
and a protrusion formed on the |ip portion, wherein the protrusion has at

| east a first seg e g the
seal i ng nenber bet ﬁmﬁ%‘?h‘%#s@é&gﬁﬁgﬁgﬁﬁéﬁﬁﬁﬁg{;ﬁ helgglé%gn gﬁg(’rachl ne
el ement including gemtaditilidoahssiifaacef b firdiendchinstelemenhi ne el ement  with
the protrusion such that the at |east a first segnment of the protrusion is
substantially perpendicular with the surface of the machine el enent; and
nmoving the first machine elenent relative to the sealing nmenber while

mai ntai ning 30 contact therebetween so as to wear a substantial vol une of
the protrusion away, thereby |eaving a ridge segnent between the second
segnent of the lip -19 portion and the arcuate segnent of the lip portion
which is substantially perpendicular to the surface of the first machine
el enent .




