-1- LIP SEAL HAVING INCREASED CONTACT FORCE AT INTERFACE AND APPARATUS
INCORPORATING THE SAME 5 TECHNICAL FIELD The present invention relates generally to seals
and, more particularly, to lip- type seals having increased contact force at the interface of the seal and
the component it contacts in sealing a first area from a;second area. 10 BACKGROUND Seals are
conventionally used in maintaining a substance, such as a fluid or gas, located in one area or zone
from escaping to another area or zone while allowing relative movement of two or more mechanical
components with odel BIYEAInHd ANARNa IR ARIOA SR (AW THFORG A APNEBERFASHEs. Such
seals may also 15 be used in keeping contaminants, &NR as dirt, dust or other particulate-type

materials, from entering into a sptRRd RAEHDINGRRPORAI I e THESAMEdesirable 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 a;gﬂreciated by those of ordinary skill in the art,
the ability to 20 maintain adequate lubrication PetAESK-©lr BBy movable machine components, as

well as the abilty (o lmitFRYATIAARAIE AN RIMENGLASINGAD {bAMAUGIRHYEA IAAD g MRchine

components, greatly enhances the working efficiency of the machine components and also greatly

reduces wear of §/Rhseathpoyiatscsarehoniesbidktgiibeusipladrenesset! 25iflgerring to FIG. 1A,

a cross-sectional \jgWk AN CXGRRRM REAA ifstuRe $Rah HG R shpyye, The seal 10 includes a body
portion 12 and a flared lip portion 14. As shown in FIG. 1 B, 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 coggponents 18 and 20. In the exemplagy ebediniry 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.Seals are conventionally used in maintaining a substance, such as a fluid or

gas, located in 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  be used 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 contaminants 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



The two relatively movable machine components 18 and 20 may be representative of various devices.
For example, the first machine component 18 -2- may be a shaft of a hydraulic cylinder wherein the
first machine component 18 reciprocates axially relative to the second machine component 20.
Another example may include a bearing assembly Whg_ein the first machine component 18 rotates or
moves radially relative the second machine component.20. Numerous other devices 5 may incorporate
a seal 10, with most configurations generally including the basic motions of relative rotation and/or
relative axial moveaYeht bekikeoh ale drubiiselindes poisasits the Ard mechineormeachéfein the first

machine compongi 1§V AHAINFRIRUYEHO LB S8R0 1O RENIPECAMRPNERLAAr [RLAYAMPIe, it

may be desirable to pierce a fluid " 10 film (not shown) which develops on the surface of the first
machine compon®dy 18ciidsradetsipecvrdanihy ethesgietBe AiraRieingisenenesmisoitses ©8 and 20.

Such may be acgamplished R OreNIEg &IBIREA R COMAIRMTA0E RlHESEbHA{8eIiclNe

cornice 16) which is sufficient to break the surface tension of the fluid film. Due to conventional tooling
and manufacturingaimpetioasatine seatriteVith srenech B ot acHkindsdading thsiasitionally

exhibits a radius l’iﬂﬁl%h%ﬁsré‘i’aﬁl%@%%ﬁ%dﬁ@f%lé@@§9i£?rﬁH(r@ﬁ@n%ﬁ%@zéH§*ﬂ§@%ﬁ£ﬂHﬁ1@0mPone”t
18 over a larger area by increasing the area of contact therebetween. If a given contact force is

distributed over §UPEaRSAErd8 Hitdhtact between the cornice 16 and the first machine component
18, it becomes more diffigyiite gEfqatively mermRdhadiit Wmirimesd 2henthe fiist rashing

component 18. Furthermore, while it might seem desirable to provide a cornice 16 with a small

ver
radius (e.g., approschiRia BarkiRoMRANP VRIS ItobiamRprévent bselesiatle odsaneradivg or
pointed cornige. Fpmaxample AP NIteLdReiases BHenOsroREntieRat tqalinchanrd-masiastusng

constraints, it becomes difficult to provide a 25 cornice 16 or contact surface with a sufficiently small

radius, particularif iFisfde-psexidesrbalietoneirtraehrecndbe iy somemrR ot Hard 18 reished. For
example, it is beliguestthato fipe JR-aHvaianabioaing somstaintitt it israfistthtoseanmistently

the cornice 16) which is sufficient to break the surface tension of the fluid film. Due
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



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 occu_r3_for -3- example, during relative axial
movement between the seal 10 and the first machine component 18, the two surfaces 26 and 28
which lead up to the cornice 16 are conventionally located and configured to define an obtuse angle

therebetween. SEEHTEEo AL XQ1Hép FAOTEIMGH debveae thesispd depd s diishagehdeformation
of 5 the lip 14, regyjis,inéless-therortimaldo s face Angla hetween theHrIFeRR §uface 26 of the

lip 14 and the surface of the first machine component 18 and, thus, may not be entirely effective in

piercing the fluid fpVesiRealbr epeteslprebecsfigiaed ot dptpnimeaksmpansisttherche VieanofSteh
shortcomings in tQ%M’%ﬁﬁﬁﬁ’t‘i’éﬂg\Pﬁﬁ%ﬂféﬂ@%dﬁa@é%é%aﬁcégé%?%&ﬂ@G'%t@fﬁl\éiﬁ&é dpcreased
a

contact force at its interface with a relatively moving machine component while possibly reducing the

area of contact bEtvEBA dheeseliainadessethanatnepahioinEg s aBBlp OLBRpOHe P IGBRId further be

advgantageous to Qﬁ%(&@@_élé@% apalavhergip ﬁ;fﬁ%‘%@%@ﬁikﬁﬁéﬁ?ﬁ%@t&%ﬁﬁ%ﬁ‘@g aﬁ%@_,f@fﬁﬁ,eq ata
desired interface angle with respect to the relatively mowré%Emachme 15 component while providing

stability for such &'@¥fgidestitael esseyosprRemphaiiE filoNornsd Brimvettithbhcaspect of
the invention, a sgalimrR¥IdedmpBR-5eak.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 BXKigit<oh thestharsesningsishsrtially WARAE sbrsIssrRs forpiadidhane lip

portion and jpcludgssan alicuRts-sEAmantwhich &xhiRitsAcereRd IR WhRh iR1asweiihan the first
radius. In accordance with another aspect of the invention, another seal is provided. 25 The seal

includes a substaRAXIREARMBHCEORPHBEIO N BttIR SRt sF ey s iR f) contact between the

seal and the relatively moving machine component. It would further be
advantageous to provide such a seal wherein a reduced-radius contact surface may
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



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 perpendjgylar 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 -4- segment of the protrusion may
be oriented at ansS&MENAAGIBY Brafivsis thaske oranseghahbafithen Bl pelaibie. ththeseseadice with
another aspect of the, inyeplinigpapearatus is provided including first and second relatively movable
machine elements wherein one of the 5 inventive seals is disposed therebetween and in contact

therewith. In accordancé\fieROfERRESONBY 2spbet PEE Yr eV RN O, RPAGMHS dSTT T¥iathg a seal
between a first maching elgrentfRd i 3ecande feRBVENIONRRIR JRARNRG/EIETE LIS Argwded. The

method includes providing a sealing member having a body portion and a lip portion extending from
the body porfion HEXGRGVS 193 Hrist dispprechihereatvisansehie spRREt AbeEvifdite segment positioned

betwee_n and adjoining IH%JU&R@H%%RH%t%@P&%&HQﬁ iR B?é&@ﬁ-iﬂ_ﬂfr‘l%ﬁ‘,' é"_lﬁ_@tﬁ@é(ﬁ
protrusion formed on the lip portion, wheréein the protrusion has a first segment adjoined with an

arcuate segment THENEARAY AsEwaseridiEispesbinpelsiedt 1He firscongdisiat Wbkt the second
machine element,sq.A%{Q RAACLHRWTASE ffos 4 SiSharastine-SlamERtwiithihe aritsion such

that the first segment of the protrusion is substantially perpendicular with the surface of the first

machine elementaTHe il RV Sfhidi ROFHSV S EadineeltonHBsRedingorianbey Waife contact is

maintained ferepeineems asdQ MRAghtRsiantial reliape QbR dBéﬁﬁWiBﬁiQf‘b@W@éntﬁﬁdeby leaving a
ridge segment between the second segment of the 20 lip portion and the arcuate segment of the lip

portion, which is ddisdeangi s lipechtficond - eemensupfdbs bp pRIYRE: hAeRfbBrehent BRIEF
DESCRIPTION Qoo RMAWEINGAShe Tip portion, wherein the protrusion has a first segment

adjoined with an arcuate segment. The sealing member is disposed between the first
machine element and the second machine element so as to contact a surface of the

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;



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. IA and IB 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 0 FIG. 2A; -5- FIG. 2C is a further enlarged view
of a portion of a lip seal as indicated in FIG. 2B; FIG. 3 is cross-sectional view of the lip seal of FIG.

2A disposed between tﬁ&éﬁmﬂﬁm&w@rﬁ%m@@mp@ﬁ&w@ Hreeal jas apdegitgehisd
cross-sectional vigjy, of the seal of FIG. 3 after use and wear of the seal; and FIGS. 5A-5F show
additional exemplary c &iguratlons of lip-type seals which may be used in accordance with the

present invention. 10 B MO PRSP eRtRa ARRRYINGe Bp ekt FRGy RN dienesrékatirigto FIG. 2A,

an exemplary lip{yR& 8@l 4998 ShaMRadiife3&fhfAR g 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 substantialfy annular Fl€bér ?d'se\MﬂrB@da‘EB%éFét@éPB&/‘tﬁ@S@féh%ﬁﬁ%&ffé@lI3n’<‘ﬂ%1&%‘% apfe 15 seal
100 includes a bagly, pertiRn LR afdfirst lip portion 104 extends from the body portion 102 and flares
radially inwardly relative to the bod portion 102 to define an inner periphery 106 of the seal 100. A
second lip portion 108 &{%émﬁ the'hadditissisrerop ayeriies ragmg IdirdEreseitiative to the

body portion 102 §md&fingy 88 ﬂé@f@f&@ﬂﬁdﬂcéJo@tﬁftﬁéep&%@hﬁlﬁgfeﬂti’éﬁm 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;yith the body pgition M@FHE(S FOR CARRYING OUT THE INVENTION

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.



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 ad&in&t thErsperaiea dP4 inslicleie falerharecorieremaeyidg rekeivesto the seal

100. -6- The first fipHAiag S04 NALAER S iﬁ%‘s&%ﬁ%?d%?%%h@%%@d‘%@!ﬁkéﬁ {?Ig?aﬁﬂ\léhbe on the

fluid or upstream side of a seal formed between two relatively moving machine elements. A’second

surface or segmeRP1Ng BTagtEnfelorgal 1 O4sqeot avsenoisrams i telfoeidths b preinanWdid or
downstream side;o{ihgseah X IRIMEH LRIMERNHMAL SIGHIYEY SRavRgmarhinasiemenis: An arcuate

surface or segment 116 having a relatively fine radius may be located between, and serve as a
transition betiveefPrfAedrhetveisd suespdbedmBRtd RIPAING EReACEhath Brafidip FuItRgesttends from

the ”_p portion 104.and i3 l%%ﬁ@i_%Q%?A{Yv'l{lﬂﬁﬁl@ﬁéiu‘é@%%@?o@%%@ﬁﬁt%%ﬁl%ms%f‘vg%ﬁitions to
the first segment 112 such as adjacent 10 to, or even contiguous with, the arcuate segment 116. It is

noted that while tHansiti briMcembsiiind dnmhescard s arapritidharnddddteSegidént 116, the first and

second segments, 12, aBH ﬂﬂ%‘e@(@éﬁ@s’ff?&ﬁ_iﬂ%’ﬂ péﬁ%?ﬂ"ﬂ&%ﬁ@%ﬂﬁ&@%&@}@ﬂﬂﬂﬁg@rea
therebetween. In such a case, the protrusion 118 could be formed along the second segment 114 and

displaced, for 15 WharaHhs, SSpprExFEEEN blOsrB180Ns b8 (s eosiake R soBoP S0 of an

inch) from the angyilg¥ ég@gsd'ggﬁgﬁﬁgem[}g R:RlGu AC s & Mitihgr gnlargement 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-Hate R pLYIBKE D e EsarriArs GRS NSlgFe athansidetidion 118 may
be located generaliy,al08&Lthent 116, the first and second segments 112 and 114 could transition by

meeting and forming a corner or angle therebetween. In such a case, the
protrusion 118 could be formed along the second segment 114 and displaced, for

15  example, 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,



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 betweeR@AFOHS FREPTANED Supfaedy il o raghusivdi ghtagdrorassdneRts lPoHAd 122 of
the protrusion 118) ggia FécopngiRidngnitheutR 3RS aditR A A orianiticant igyieh 98 fHﬁ??fBFOdUC“O”-

The arcuate segment 124 of the protrusion 118 exhibits a radius which Is desirably smaller than the
arcuate segmentkE8 Flghexiphbitieditoal murexarsky, GRS e 88S aymemPIvs s exhibit a

radius which mayhesas $8allias?-4.8867310 (M RAY- AUEANGRI¥IIG Hi%éﬁ%ﬁ&%%?%@e”t 124 of

the protrusion 118 may, for example, exhibit a radius of approximately 0.01905 to 0.0381 mm

(approximately 0oP&ieed. Somasagiicobp forraiecomslmhEr) tho senl S dIes HIRFeHS IR may be 5

obtained, for e@@é@lﬁe&yﬁ% %P&@lm%lgrfﬂfntﬁ‘@@%%ﬁr%@@uw&ef&i&éhqmﬁf@ld%gﬁ‘&m&%@oflor the lip
portion 104 is first cut or formed in the mold with a first tool and then the arcuate segment 124 of the

protrusion 118 is ¥t GefortaaicHinecaBrat ddthefdhsariotiysisialpBitsyr. sipratsihthedmoid. 2C, the
protrusion 118 may; e siratpicallysenfigured 10 and located relative to the lip portion 104. For
example, it may be desirable to orient the first segment 120 of the protrusion 118 such that it is

substantially perpendicutt! e g eE8HdXedhseriottaion S mpapdrishuesacthnegnigy wk
desirable to; gonfigure AR PreiHsion O g sh-Hat the. SeGand SRUMeR M A28 Qfhaprofsusien: 118

forms an acute angle relative to the second segment 114 of the lip portion 104. The 15 acute angle

formed by the setihdrsetsgiaant b sx the profifshll $euchdhas 15 1p substendpdyipeeranisidtfusion
118 such as, for examplescduringeaxiahtaqpucation gbaisnaching alainass wiaivedhereto.

configure the protrusion 118 such that the second segment 122 of the protrusion 118
forms an acute angle 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



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 secpnd 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 outwardlyP@sspueiicH adndiapRiuido fameoiprisdriiepsitom For kstategndherieqomstrusion may
project a distancgg gy QfranRroximatel: th 199349 935 pm3BRIGIpately 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 10Ref0mE HOYE 5T thehe bR tonfyindabeddreiiesitatfiision 118 may
vary from the exgmplas S8t IRID @poye: LU BramRlGthe fstregmant:l30 vt hempretyiaian 118

may be located to be substantially even with and adjoining, or even -8- positioned slightly behind, the

projected trafsitiGheY PR HEwfsenbehk et serpeseipnhdht11A and tRe Aréunrecddbphenient 6 of the lip
portion 104. RefefingiBowele EiG3 (he seahhOisshaumsinalaHp s aetmerm afirshmashine element

130 and a second machine element 132 in a manner similar to that 5 previously described with

respect to FIGS. thekdy mpyardly bt st MardinmetemsatdShasehemEciins iRibehfeo BB pEnents, the

lip portion 104 is gampragsersiohthumupidicdmthenirstonaciing fementilitasibeReqirgsion 118
contacts a surface thereof. It is further noted that the protrusion 118 is configured and oriented with

respect to the first HibEGRfS R e A 13nashitne ¢lamend fiss sehrhasthebre spementoldeakibe 118
defines a sulpstandiaibynerPenrdicHisntarfacs angleapiharntasis ie.cuiace Afithe ftsimachine

element 130. Such a configuration and orientation provides a relatively high contact force and reduces

the contact area MHBFRARS AT HitrrhRfoF el 3 ot Hishidg anéigsaioncyktigisatrpetrusion. The
increased contagffRiaesovaiAiteiHrRmM et @3Nl laa theusubatartal-PanendisHpiinterface

with a prior art seal not having a similarly configured protrusion. The increased
contact force over a reduced area, as well as the substantially perpendicular interface

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.



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 elerpﬁf:_nts 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 cr8steattibhay (eil@P A sedif 100nnsRBohaafees. (iBe IRy i Been

experienced. Whilg, e, HQIFpSIR I AR QaIsignificantho o A Aaedidas daa46aains which

still 25 retains the désirable feature of being substantially perpendicular to the surface of a machine
element (not showwchhsEas matoineladsy forteannnEealied arnditeshtae sphegeith améhd Yerpendicular

relationship betwﬁ%ﬁéﬁ%@%e&ﬁ%@@ﬂs TAGH:AfodNCMATHUS S8 @%%Bhé‘%gir?&ﬁkﬁ% {fpanetrate

any fluidic films for ereon. Thus, the present invention not only provides an improved seal when
initially 30 installeaidlO3I3ecppeditietyfobimibadyedtherfsainemapongaisatdhneressieatlide of the seal

100. -9- Refer”“Qe’?ﬁYﬁﬁ%@’ﬁé@néﬁb&r’s’ﬁ ASMEMINESHANE: I6 BIERSELNYSORON sy Re

incorporated into seals - 100F of various shapes and configurations. Such seals may include,
for example, varioy dardspirggdedspandisd 50 atendsbapplkpisadapdeedactHemet lip portions 104A
and 104D and second lip portions 108A 5 and 108D respectively. Similarly, other seal components
such as backing or retaining-type members 152 may be incorporated into such seals 100A - 100F as
may be desired, depending on intended applicatioFE&AdBEfice thereof. EXAMPLE 10 As set forth

above, a seq) configuredhin@CRAAIBEEIVIRINC AIRSERI VRIMPALFEEYARS (rakRgePetween two

movable machine elements in comparison with prior art seals. In a test performed on a seal
configured accordfgdothecpreseakinge Rebrede Akagaanaklelaterhins e anés radigrerRbYN average

of approximately v, prior art seals. In a test performed on a seal configured according to the present
invention, leakage was determined to be reduced by an average of approximately
71%.

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



71%. 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. IA and 113, 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 contro_llg[oup. 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 seadtfisiinadhst wpslyubbenariermahtidiadl threvipaiss o eagiepessed (A esnmadiionth a
surface of a first gpachine 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. IB and FIG. 3 above herein. The
first machine element W@ gyReb e wwmeﬁ%a%aﬁxw@réﬁ%bm@maﬁm the second

machine elementyQne.sifg.ef e foimesasalbaivespithaiivpce@tiveh, movakle.maghing elements

has a pressurized vessel of petroleum-based hydraulic 30 oil. The open end of the "U-cup"

configuration’of thecBenIahwas!aRposEdéwht dacigie pricadtvizdinsing) Odvisel Raanivie placed on the
downsiream, or \aRRRSSUAAER S96.LLR SRAIRALRYRTLONR T AUNELRAUIRlEcSRIagRinants from

-10- entering the vessel. The external side of the Wer seal was exposed to the ambient air. During

each test, the cyliefias Sear0 SrirdegraPairbalisMBat (WhBOWrSE 8l alsd)hdRiiie Pessurized
vessel a distance;Rf .32 GERIHMAIRT 8166 Gy 2 IRheR) Rha Nl Al 2SrE31A MEIRE fer minute

(m/min) (94 feet per minute (ft/min)), relative to the second machine element, while the vessel gauge

pressure was leSHYREFFERAINSHADPESEM H A psvipebhY peelkesiaraliRdApen) 28HB shaft, or

firgt ma?hi”@oe|eq&ﬂivwﬁ§tﬂée§é&iﬁ@|ﬁ%ﬂiﬁ@@ﬁﬁﬂéﬁ@ \Pfﬁstﬁér'k_?e%ﬁ’e}/%%gé araliglange Qf 6 inches (ba_ck
to its original position) at a veIom% of 94 ft/min, again 10 relative to the second machine element, with
the vessel gaugeaﬁ%%m’@tﬁ{y 2,000 psi. The displacement and subsequent return of the first

machine element was considered a single cycle.
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.



approximately 2,000 psi. The displacement and subsequent return of the first machine element was
considered a single cycle. 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 [ﬁkage 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 emdedi¥ts 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, ¥dahileldgreshid: alternatives falling within the spirit and scope of the invention as
defined by the 25 following appended claims. -11- CLAIMS What is claimed is: 5 1. A seal comprising:
a substantially annular body portion; a substantially annular lip portion extending from the body
portion, the Ii% portion hhving éﬂwsﬁ?&ﬁﬁﬁp?éb‘ﬁént which exhibits a first radius, a first segment

adjoining the arcuafgbsegment afnardpopepisaen a first side thereof and a 10 second segment
adjoining the arcuate segment of the lip portion on a second side thereof; and a substantially annular

protrusion formed SRR BoPRBR HaRP R e et sheling Fiovarha hodl BQHiSRs HshRESE Hius which

is less than the first radingyitfieaP eRbiLSiOR fuihe Rl dingbafinsti SegRRL adiginisgntibararcuate
segment of 15 the protrusion on ﬂ{ﬁrSt side thereof a WEerein the firstfsegmgnthof thte p({otrusion is
also adjacent the arcuaf®K8BH&MOHES HERTSh s on on a firstside thereot and a

10 second segment adjoining the arcuate segment of the lip portion on a second

side thereof; and
a substantially annular protrusion formed on the lip portion having an arcuate

segment which exhibits a second radius which is less than the first radius, the
protrusion further including a first segment adjoining the arcuate segment of

15 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, wherein the
protrusion is configured to contact a surface of a relatively movable machine
element and wherein the first segment of the protrusion is configured to be
substantially perpendicular with the surface of the relatively movable

20 machine element upon contact therewith, and wherein the substantial annular
protrusion projects in a direction substantially perpendicular to the second
segment of the lip portion beyond any surface features of the second segment

of the lip portion.

25 2. The seal of claim 1, wherein the second radius is less than

approximately 0.1016 millimeter.

3. The seal of claim 1, wherein the first segment of the protrusion is
substantially perpendicular to the second segment of the lip portion.

30



protrusion is configured to contact a surface of a relatively movable machine element and wherein the
first segment of the protrusion is configured to be substantially perpendicular with the surface of the
relatively movable 20 machine element upon contact therewith, and wherein the substantial annular
protrusion projects in a direction substantially perpendicillar to the second segment of the lip portion
beyond any surface features of the second segment of the lip portion. 25 2. The seal of claim 1,
wherein the second radius is less than approximately 0.1016 millimeter. 3. The seal of claim 1,
wherein the first segment of the protrusion is substantially perpendicular to the second segment of the

lip portion. 30 -12- 4. The seal gf,¢claim Jr MARIFINAG AIALPRININERICY dRS @isesBdhRgIMent

adjoining the arcuate segment of the protrusion on a second side thereof and wherein the second
segment of the prEEUISIIMIECANBIARdEHAR scsarBH @ BRRprABHE ISR PR dipepordsidstierRokeal of claim

4, wherein the segang RegIment QidhrIR oY it PIEHRL AR AT i e0a ik sagPect to the

second segment of the lip portion. 10 6. The seal of claim 1, wherein the first segment of the protrusion
is displaceda pré‘?%’t’@ﬂhﬂgébediﬁﬁﬁﬁé)ﬂom 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 7.
The seal of claim 6, wherein the predetermined distance is approximately 0.0508 millimeter. 8. The

seal of claim 1, whereinthe proth§sieH prsiets burheiran hersaoadscgiacis obhle g bEthe lip

portion a distance f ABRHOHMRIGY LrOLW0eh ZQ$eP B3R ibiraaimend Henseab PortiA) 1, wherein
the first radius is approximately 0.1016 millimeter and the second radius is approximately 0.01905 to

0.0381 millimeter.
10 6. The seal of claim 1, 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 7. The seal of claim 6, wherein the predetermined distance is

approximately 0.0508 millimeter.

8. The seal of claim 1, 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.

9. 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.

25 10. A seal comprising:
a substantially annular body portion;
at least one substantially annular lip portion extending from the body portion, the at
least one lip portion having an arcuate segment which exhibits a radius of
approximately 0.1016 millimeter, a first segment adjoining the arcuate
30 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



25 10. A seal comprising: a substantially annular body portion; at least one substantially annular lip
portion extending from the body portion, the at least one lip portion having an arcuate segment which
exhibits a radius of approximately 0.1016 millimeter, a first segment adjoining the arcuate 30 segment
of the at least one lip portion on a first side thereof and %_second segment adjoining the arcuate
segment of the at least one lip portion on a second sidle thereof; and -13- a substantially annular
protrusion formed on the at least one lip portion having an arcuate segment which exhibits a radius of
approximately 0.019b5ta8t@IbB 8N wHiflipretasiamhioatrdosdhmereatonsiig Rstiedarégediment of the

protrusion on a first side,{gfrOfWRRIHRIR IS UsstiBROTERES REIMBUHRIRA v (ID A3 asliResst the

arcuate segment of the at least one lip portion and wherein the first segment of the protrusion is
substantially perpendicuritigclise 3a¢ari Ssgamesitt GiRE L E2sREHA SR EBOTIRE wherein the first

segment of the protrusiop g slizplared i disaneR L ARMIXIMAE: Q- 02l M BimRIproRlgSH from a

projected transition between the second segment of 10 the at least one lip portion and the arcuate
segment of the at least dhtlifhadasabhtbs\dEreriasegmensabheat srihanstiea8AB Fidportion, and

wherein the substantialm{arﬂgqffé{sgg 195%?%&%?0%%“% wﬁﬁﬁﬁi@ygpeﬂ%ﬂﬁeﬁgp@r to the
second segment of the |IE portion beyond any surface features of the second segment of the lip

portion. 15 11. A seal cd it e smsBtphthnEisAtiIarbERPpEeR Y Slisseamthaiishnular lip

portion extending from the, hpdy RAHQRHAWRG &firghiseamentand d sesaadiaeamenipaogularly
disposed relative to the first 20 segment; and a substantially annular protrusion formed on at least a
portion of the second Se@gﬂgﬁ?ter or less from a projected transition between the second segment of

10 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, and wherein
the substantial annular protrusion projects in a direction substantially
perpendicular to the second segment of the lip portion beyond any surface
features of the second segment of the lip portion.

15
1. 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

20 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, and wherein the

25 substantial annular protrusion projects in a direction substantially
perpendicular to the second segment of the lip portion beyond any surface

features of the second segment of the lip portion.

12. The seal of claim 11, wherein the first segment of the lip portion and

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



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, and wherein the 25 substantial annular protrusion projects in a direction substantially
perpendicular to the second segment of the lip portion_p@yond any surface features of the second
segment of the lip portion. 12. The seal of claim 11, wherein the first segment of the lip portion and 30
the first segment of the protrusion are located on an intended fluid side of the seal. -14- 13. The seal of
claim 12, wherein the first segment of the lip portion and the second segment of the lip portion are

joined by an arcuate segment. ppl4.JiNG SeAOI SlaiM L Whersindm APEHEIOR AR At the

arcuate segment of the lip portion and the first segment of the lip portion. 15. The seal of claim 14,
wherein the first $8g)sepRGIERGFoMUSR HIPUlEpRER dornakharbdfEsH Fe&Meately 0.0508 millimeter
from a projected transition to between the second segment of the lip portion and the arcuate segment
of the lip portion towards the first segment of the lip portion. 16. The seal of claim 15, wherein the

protrusion prdjects outwhtdly rERsticalieltplaisbdny g it ORI BEHIBY Aadistihawite
approximately 0.Q190shder I OHRRkBHINEIRE Akt Im%@fﬂgqig]p})}ﬁw{]erein the arcuate segment

of the protrusion exhibits a radius of less than approximately 0.1016 millimeter. 20 18. The seal of
claim 11, wherein the protrusion further includes a second segment adjoining the arcuate segment of

the protrusion and where) the-geeandl oseaie i OhieMMAHSRD ISakaadiareplig RECRNd segment
of the lip portion. 19. The seal of claim 18, wherein the second segment of the protrusion is 25

oriented at an acdigPhisgeasitrecseirertidnagiebho S yhett wetrel i Hd RISIEXRS Bansifgaratus
comprising: @ firgepiaehing slemrni: shsrArdHOashioRIsleMmEhmpvaRletelatinedpdhaifirst machine

element; and . . , ,
portion towards the first segment of the lip portion.

16. The seal of claim 15, 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.

17. The seal of claim 11, wherein the arcuate segment of the protrusion

exhibits a radius of less than approximately 0.1016 millimeter.

20 18. The seal of claim 11, 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.

19.  The seal of claim 18, wherein the second segment of the protrusion is

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

20.  An apparatus comprising:
a first machine element;
a second machine element movable relative to the first machine element; and
30 aseal disposed between and in contact with the first machine element and the

second machine element, the seal comprising:



30 a seal disposed between and in contact with the first machine element and the second machine
element, the seal comprising: -15- a substantially annular body portion, at least one substantially
annular lip portion extending from the body portion, the at least one lip portion having an arcuate
segment which exhibits a first radius, a first segment ﬁ(ypining the arcuate segment 5 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 a substantially annular protrusion formed on the at least one lip portion
having an arcuate segmérituRtiiehiakn i isbednadaidis which is 10 less than the first radius, the

protrusion further inC'Udi%Ql@aﬁf%n%%H&?ﬁtﬁ@liﬁ%ﬂHQﬁ?%@&fﬁ% %‘i%&ﬁﬂg?’f&ﬁ%@é%ﬁ?ion on a first

side thereof and wherein the first segment of the protrusion is also adjacent the arcuate segment of
the lip portion, wherein the protPQEioR-igedfiRfsteiedi BRI aHAH of AT ABGBITHNBDENe 15

machine element and wherein tag,first saame Rkt gL RIgR i%j%%ﬁ%%%daf&l% sthstantially

perpendicular with the surface of the relatively movable machine element upon contact therewith, and

wherein the Substantial annular@réwdiigiepifevisifigt difschsred st anganydbegerficular to the

second segment of the lip portiof;gfhhey@rd REMSUHaReestWesiphieseerAdseMsHILOf the lip
portion. 21. The apparatus of claim 20, wherein the first segment of the protrusion is substantially

perpendicular to the second sedh§&iftfofHe at least one lip portion. 25 22. The apparatus of claim 21,

wherein the protrusion fuithgsiaatHaRS.AnSRE PR SRIBREHLAAUIRIN Hg-ALCHALaPSIRARI Of the
protrusion on a second side thereof and wherein the second se)ggnent of the protrusion is also

adjacent the second segment ' RO 3bi 192 wherein
dj h d JRHB SNSRI YR SIHISBHIBNCBGIBbHha sSppRI RIS FEMEh 122, wh
the second gggment of the less than the first radius, the protrusion further including 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, wherein the
protrusion is configured to contact a surface of a relatively movable
15 machine element and wherein the first segment of the protrusion is
configured to be substantially perpendicular with the surface of the
relatively movable machine element upon contact therewith, and
wherein the substantial annular protrusion projects in a direction
substantially perpendicular to the second segment of the lip portion

20 beyond any surface features of the second segment of the lip portion.

21. The apparatus of claim 20, wherein the first segment of the protrusion

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

25 22. The apparatus of claim 21, wherein the protrusion further includes a
second 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 at least one lip portion.

30 23. The apparatus of claim 22, wherein the second segment of the
protrusion is oriented at an acute angle with respect to the second segment of the at

least one lip portion.



protrusion is oriented at an acute angle with respect to the second segment of the at least one lip
portion. -16- 24. The apparatus of claim 20, wherein the first segment of the protrusion is displaced a
predetermined distance from a projected transition between the second segment of the at least one lip
portion and the arcuate segment of the at least one Iip_lg_portion towards the first segment of the at
least one lip portion. 25. The apparatus of claim 24, wherein the predetermined distance is
approximately 0.0508 millimeter. 10 26. The apparatus of claim 20, wherein the protrusion projects
outwardly relative to the second segment of the at least one lip portion a distance of approximately

0.01905 to 0.0381 millimgter. 2, The ARRABI3ALIBIM e LI IRE AFShIRHINR S spRRImately
15 0.1016 millimeter and the second radius is approximately 0.01905 to 0.0381 millimeter. 28. An

apparatus comprisifigPlacafst pigdefiieleddnEEg HeBchpPiriehiiensldpidItYRpdbRsESRite to the
first machine element.angr &sSsaledisRpsath peies ARNAdN ARt Wilhihg fitstmaghipgqlgment and

the second machine element, the seal comprising: a substantially annular body portion; a substantially
annular lip pértioﬁ%ﬁ@W@rﬁ%m@cﬁ’é%Wtﬁig headfitRid o5 HirsPeBiient and a second segment
angularly disposed relative to the first 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 segmenﬁvheréﬁhetHWéf%ﬁW*h@Wé%@@ﬁ%%gaﬁﬁéﬂWﬁésrpendicular
with the second sggmgithafeihe. (Po8aHiAmaed wherein the substantial annular protrusion projects in
a direction substantially perpendicular to the second

10 26. The apparatus of claim 20, wherein the protrusion projects outwardly
relative to the second segment of the at least one lip portion a distance of

approximately 0.01905 to 0.0381 millimeter.

217. The apparatus of claim 20, wherein the first radius is approximately
15  0.1016 millimeter and the second radius is approximately 0.01905 to 0.0381

millimeter.

28. An apparatus comprising:
a first machine element;
20  asecond machine element movable relative to the first machine element; and
a seal disposed between and in contact with the first machine element and the
second machine element, the seal comprising:
a substantially annular body portion;
a substantially annular lip portion extending from the body portion having a
25 first segment and a second segment angularly disposed relative to the
first 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
30 protrusion is substantially perpendicular with the second segment of
the lip portion, and wherein the substantial annular protrusion

projects in a direction substantially perpendicular to the second



-17- segment of the lip portion beyond any surface features of the second segment of the lip portion.
29. The apparatus of claim 28, wherein the first segment of the lip 5 portion and the first segment of
the protrusion are located on an intended fluid side of the seal. 30. The apparatus of claim 29,
wherein the first segment of the lip portion and the secend segment of the lip portion are joined by an
arcuate segment. 10 31. The apparatus of claim 30, wherein the protrusion is disposed on both the
arcuate segment of the lip portion and the second segment of the lip portion. 32. The apparatus of
claim 31, wherein the first segmﬂ@fttﬁﬁtb?dmﬁollbmﬁB@t@ﬂg%@aﬂﬁésﬁfdb%ﬁ@f(ﬂﬂ‘éteIy
0.0508 millimeter from a projecieg, ansitianpeiwiesn the second segment of the lip portion and the
arcuate segment of the lip portion towards the first segment of the lip portion. 33. The apparatus of
claim 32, wherein the protrusion projects outwardly 20 relative to the second segment of the lip

portion a distance of apppximaigly, GALaeFQ Qi3S MilrBgieke 3ts ReABRYBMS G claim 28,

wherein the arcuate segment of the protrusion exhibits a radius of less than approximately 0.1016
millimeter. 25 35 PPHEBIPE RIS SE MO MREPEMTISEOP G lRsatsdurne inendrsstiidsidsnd
segment adjoiningsthig arguate segment of the protrusion and wherein the second segment of the
protrusion is also adjacent the second segment of the lip portion. 30 -18- 36. The apparatus of claim
35, wherein the second segment of the protrusion is oriented at an acute angle with respect to the

second segment of the lyp POrtigR.apparatus of claim 29, wherein the first segment of the lip
portion and the second segment of the lip portion are joined by an arcuate segment.
10
31.  The apparatus of claim 30, wherein the protrusion is disposed on both

the arcuate segment of the lip portion and the second segment of the lip portion.

32. The apparatus of claim 31, wherein the first segment of the protrusion
15  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.

33.  The apparatus of claim 32, wherein the protrusion projects outwardly
20  relative to the second segment of the lip portion a distance of approximately 0.01905

to 0.0381 millimeter.

34. The apparatus of claim 28, wherein the arcuate segment of the
protrusion exhibits a radius of less than approximately 0.1016 millimeter.
25
35. The apparatus of claim 28, 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.

30



5 37. 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: 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 10 segment posmoneg 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; disposing the sealing member between the

first machine element ar@-the ddecpapmtcihelaidnianvirRikidify cernaétagnesueiaids of the first
machine element, La\itththe,ReptusionsuehdRaLibe ah 'Fe%ﬁ&é’c frshsearprIL Ok e RPIRdSipN is

substantially perpendicular with the surface of the machine element; and moving the first machine
element relative ®PfH€Sealing member while maintaining 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 20 portion and the arcuate segment of the lip portion which is substantially
perpendiculaf to the surfice of AvasthaidRAEPIRENG @ Rahpetween a first machine element and a

second machine element which is movable relative to the first machine element, the
method comprising:
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
10 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;
disposing the sealing member between the first machine element and the second
machine element including contacting a surface of the first machine element
15 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
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
20 portion and the arcuate segment of the lip portion which is substantially

perpendicular to the surface of the first machine element.



