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SPRI NG ENERG ZED DYNAM C SEALI NG ASSEMBLY BACKGROUND 5Fi el d of the

Di scl osurwo 2011/072ibke i nvention relates in general to seaC3/mna/059817
particular, to an inproved system mnethod and apparatus for a
spring-energi zed el astoner and pol yner dynam c seal assenbly. Description
of the Related Art 10Dynam c seals for linear notion rods or cylinders that
are used in hydraulic service prevent the loss of hydraulic fluid fromthe
system and t4vy8TEMIMATSIODANOfAPP OR ETUFIFORAPRING IFEERGIZEMBENAMITESSEADNWIGNY part s.
The dynamc or relative notion surfagass@y be |located at either the inner
or outer dianeter of engagenent. Conventional seals typically conprise

el astonmers that wear quickly or are prone to tear, or polyners that are
nore durable than el astomers but have a | ower sealing capacity.
15Conventional seals also typically have straight conical contact surfaces
that limt forward edge |oadi ng ofsatkers@al and oil renoval fromthe
dynam c surface. Mreover, reverse shaft notion at such seals is reduced
for she or adhesi on oil punpinquﬂggigllinitations can result in
excessive noisture in seals, which®Can pefit nore | eakage or weepage. In
addition, conventional seals have a limted operational tenperature range,
whi ch i s typi calThyinglyey elatedi Snerdllxvesds adk Sipgriculo RS m@iomddsysfew thethed andar r ow

20t he appl i fatdORSa spMBLAGHAY elasRhES TG Bmer @NRAL Silafberd Ot her physi cal
constraints on the seals and their useful ness. Although known solutions are
wor kabl e for sone applications, an inproved |inear dynam c seal would be
desi rabl e. SUMVARY 25Enbodi nents of a dynam c seal assenbly are disclosed.
When used in hydraulic service, the seal prevents the egress of hydraulic
fluid and the ingress of foreiaﬁaﬁﬂpfﬁgﬂgaW i sonme enbodi nents, the
sealing device is an assenbly of three annul ar conponents. A netallic
spring i® j oi nedytaicarrlsddrdigtomeen rhd dycylbrlerctoa g ustiabydiagliccouplhednt 0 a pol yner
ring. The spboe niRLDRdHof e QFIBdnd HhOAMAD QYRS PRRED bRl Bthe Sk P, and may
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gr oove. RSN Fony el pyalygP R4y L @O tiFstomers that wear quickly or are prone to tear,

or polymers that are more durable than elastomers but have a lower sealing capacity.

15 Conventional seals also typically have straight conical contact surfaces that limit forward edge
loading of the seal and oil removal from the dynamic surface. Moreover, reverse shaft motion at such
seals is reduced for shear or adhesion oil pumping. These limitations can result in excessive moisture
in seals, which can permit more leakage or weepage. In addition, conventional seals have a limited
operational temperature range, which is typically above -40°C. These design constraints further narrow

20 the applications, velocity, pressure, chemistry and other physical constraints on the seals and their
usefulness. Although known solutions are workable for some applications, an improved linear

dynamic seal would be desirable.

SUMMARY

25 Embodiments of a dynamic seal assembly are disclosed. When used in hydraulic service, the
seal prevents the egress of hydraulic fluid and the ingress of foreign particles. In some embodiments,
the sealing device is an assembly of three annular components. A metallic spring is joined to an
elastomer body or cover that is coupled to a polymer ring. The spring may be die-formed from an
overlapped metal strip, and may comprise a u-shaped cantilever design. The elastomer body and

30 polymer ring mechanically interlock, such as with a radial member in a radial groove.



2 Enbodi nents of the elastoner body have radially outward extendi ng
surfaces with large radii at their contacting and sealing portions rather

t han conwsotzoomabki9gt r ai ght coni cal surfaces. This desi grcenisanomssior war d
edge | oading and oil renoval fromthe2dynam c surface. In some enbodi nents,
reverse shaft notion at the seal is enhanced by the design for shear or
adhesi on oil punping. 5The foregoi ng and ot her objects and advant ages of
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skilled in the art by referencing the acconpanyi ng draw ngs. FIG 1
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construct ed I i ‘acco 2 is an

enl ar ged seC@%JPIIS‘i*P&W‘%ih%i@Pe\?ﬂeéwal@fa“éﬁéacé‘r?@@m“ﬁérﬁwn%f a seal assembly in the

| i near 15dynami c sealing application of FIG 1, and is constructed in
accordance with the invention; FIG 3 is an enlarged sectional side
view of another enbodi ment of a seal assenbly for a linear dynanmic sealing

application shown with th%R%adEtsﬁﬁlﬁ?lﬁBO\ﬁThBDﬁAcVﬁ\ll@sxed state and is

constructed in accordance W ention FIGS. 4 and 5 are
partially-sectioned, isonetric views of seal assenblies with alternate
20enboditrent s ofThspesenngsloaurdnaga bebetromsitrsiesd trdds iumemed@ndamd elviads t he

i _nventi ON;  made appar%lt@hos@sﬂilfkd_ﬁt&@l_@ﬁ}jr&ﬂ%cin§@hg£co\ﬂpﬁlv{n§ﬁrqv@f@s.errbOdi ment of the
| i near dynam c sealing application of FIG 3 shown in a conpressed state

and is constr UCtFﬁg 1 &s fse%&o(;iﬁ (S;ve nwo% ohlnlgnt !)fq\{lgégl}- c{yf?aﬁﬂc sgalﬂ% application FIG 7 is a

sectional side view of anot %rl sing ace seal assenbly
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reference synbols in different drawings indicates simlar or identical
itens. VWO 201 1/ 2 s9p@iared iS200rD5d0 BigG 4L pne embodiment of a seal assembly in the linear

15 dynamic sealing application of FIG. 1, and is constructed in accordance with the invention;

FIG. 3 is an enlarged sectional side view of another embodiment of a seal assembly for a
linear dynamic sealing application shown with the seal assembly in a relaxed state and is constructed in

accordance with the invention;

FIGS. 4 and 5 are partially-sectioned, isometric views of seal assemblies with alternate

20 embodiments of springs and are constructed in accordance with the invention;

FIG. 6 is a sectional side view of an embodiment of the linear dynamic sealing application of

FIG. 3 shown in a compressed state and is constructed in accordance with the invention; and

FIG. 7 is a sectional side view of another embodiment comprising a face seal assembly and is

constructed in accordance with the invention.

25 The use of the same reference symbols in different drawings indicates similar or identical

items.



3 DESCRI PTI ON OF THE DRAW NGS Referring to FIGS. 1 - 7, various
enbodi nents of an i nproved system nethod and apparatus for a dynam c seal
assenbl y worot1ien7g192 | i near notion applications are di sclrosas20iBososexanpl e,
FIGS. 1 and 2 discl ose one enbodi nent3of a system conprising a housing 11
having a bore 13 with an axis 15, 5and a gland or recess 17 located in the
bore 13. Arod 21 is coaxially located in the bore 13 for axial notion
relative to housing 11. The pmdri2hiokas tan peuiveNgssur f ace 23 conpri sing a
dynam c surface relative to bore 13, which has a static surface 63 (FIG 2)
in the enbodi ment  sho In_sone enbodi nents, a seal ass |y 31 conpri sing
Lo al seal | (Qunne P oSS SREERTT O fiedi Gt RGP el 17 0 the
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in FIG 2, THe EdF Wg‘“@?g Pi A% 2 S5 fatui P HYE 21 OB ThRETEGUE of t he

el ast omer bodire @Dork B whichduah aalaticcoita@ (FIGM2) in thetthdimbreshheusi ng 11 and the rod
21 for providing a dynam c seal therebetween. In other enbodinents (e.g.,
FIGS. 4, 5 and 1)somt ido&Rals, assarhbly 3 3dmpBaye bedig eafE.guterl 15asgeas f ace seal

whi ch are n Llel fl r. . SW vel
coupl | ngs SRR isetd of £ 363, RELIRR] DAL St ool LAl BHLL AT TR O 35

Ints ) .
may be fbr metPlf ot darrkeswablss | arrsdrsanareenrongiit 1 YEFSHARd t he
pol ymer ri g, {88lastdnmr we idndio e heyies;ing hendelsast Sheralleiongrdasieser bodpol yner
bl end (e. g.3s5 hidebi@hvn bRt 2 NASRE Gkl GANL dodial LOMBE 300ATBRESSAL vEPUl US t han

the polyner_ring 33. Other types. of el ast r 20conpounds al so may be used,
snen’as” par v Rig i o PRl s P R SRR ) tor ot od
per f | uor oel thestbevigsn. sln URERNeYimerfsd¢-2- X e P @nd 7), the seal aspeblypid pyrscontipyied 33 and t he
el ast oney hedpcdhl aliGQreRBEhaRiugalolsyl teRk@hhratkiavdndaca, svadicalplidgesaber in a

radi al grooye to fWIfeL.Secure their union. For exanple, in the
illustrated enbodi ment, an outer square rib 49 circunscribes polyner ring

33 and engages inner s re 00 57 that 25circunscribes el astoner
body 35 I somdEHBBGT HENE T ERETBY Y REE P Ry 35T SREBCEVERY Y Biked a5 a
unit to therobhgsinoive o seorporierehts, 35 elygtogner compyises a panef bl¢nd eter Aeddhat lmeli al t ongue
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ring ang, the 1 e [ aTo I =T X ] I alhder, of
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el ast omer @i EOFP RO PEMpEF oxample.

The polymer ring 33 and the elastomer body 35 also mechanically interlock via a radial
member in a radial groove to further secure their union. For example, in the illustrated embodiment, an
outer square rib 49 circumscribes polymer ring 33 and engages an inner square groove 57 that

25 circumscribes elastomer body 35.

In some embodiments, the polymer ring 33 is securely locked as a unit to the elastomer
component 35 via, e.g., the illustrated radial tongue and groove arrangement. This design allows for
intimate positioning of the ring and the elastomer. The locking features permit the joinder of
incompatible materials that cannot be bonded, such as a fluorosilicone elastomer and a fluoropolymer

30 or fluoropolymer blend ring.

In the embodiment shown, the polymer ring 33 comprises a generally cylindrical or tubular
portion 43 and a larger flange 45 on one axial end of portion 43. The radial outer surface 47 of the
tubular portion 43 includes rib 49, which protrudes radially therefrom. A radial taper 51 extends from
tubular portion 43 and is located opposite the flange 45. The radial taper 51 reduces both the inner and

35 outer diameters of the polymer ring 33 at an opposite axial end to the flange 45. Overall, the polymer

ring 33 has a generally L-shaped sectional profile, as shown in the illustrated embodiment.



30or fluoropolynmer blend ring. In the enbodi nent shown, the pol yner
ring 33 conprises a generally cylindrical or tubular portion 43 and a

| ar ger flwogel4B2vn one axial end of portion 43. The raecalusounmsIssurface
47 of the tubular portion 43 includes4rib 49, which protrudes radially
therefrom A radial taper 51 extends from tubular portion 43 and is |ocated
opposite the flange 45. The radial taper 51 reduces both the inner and
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which, in this case, is a dynam c surface. The grooves 53, 55 on the
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tips and adjacent to the concave radii surfaces 39, 41. In addition, the thickest portion 65 of the
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elastomer body 35 is greater than the thickest portion 67 of the polymer ring.

In some embodiments, the polymer ring 33 comprises a total of about 50% to 90% of a
25 dynamic contact face area 68 (FIG. 2) with rod 21, as shown. The elastomer body comprises a total of
about 10% to 50% of the dynamic contact face area 69 with rod 21. In other embodiments, the
polymer ring comprises about 70% to 80% of the dynamic contact face area, and the elastomer

comprises about 20% to 30% of the dynamic contact face area.

In some embodiments, a radially inner one 41 of the radially extending surfaces 39, 41 extends
30 from a rim 71 that protrudes radially inward from the elastomer body 35. The rim 71 of elastomer
body 35 extends over or overlaps an axial end on a radial inner portion 73 of the polymer ring 33. A
radially outer one 39 of the radially extending surfaces 39, 41 transitions smoothly from a flat outer
radial surface 75 of the elastomer body 35, through an arcuate shape, and radially outward to the tip at

the axial end.

35 In some embodiments of the invention, the metallic spring 37 is molded into and bonded (¢.g.,

vulcanized) to the elastomer body 35. This design provides a more rigid assembly and suppresses



20and are conpressed in radial thickness when installed between the housing
11 and the rod 21. The thickest radial portions of both the polynmer ring 33
and the evezvomoeiddody 35 are at their axial ends or tipsTarsdoiadsmseent to

t he concave radii surfaces 39, 41. InSaddition, the thickest portion 65 of
the el astoner body 35 is greater than the thickest portion 67 of the
polymer ring. In sone enbodi nents, the polyner ring 33 conprises a total of
about 50% ts@rlr%@&(&l@(fugla TR2EGNRARI ﬁabm@a@thaaismﬁl%@mamm&s&e (e, @ijacd) rodit,h rod 21,
as shown. The el es @ total of about 10%to 50% of the
dynam c contac od 21, I'n ot her enbodi ments, the pol ymer
ring conprises about 70%to 80% of the dynam c contact face area, and the
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transi ti onsdegti@otddiy froma flat outer radial surface 75 of the el astoner
body 35, through an arcuate shape, and radially outward to the tip at the

axial end. 35In h&qamlb&ﬁmwfm@m fhe @tmgtsh@asimm%@mit@ﬂbm;Ja%na&t)@hdek&fa&pri ng 37
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73. The elastoner urther_ co r|s§)an annul ar openlng 81 in an
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and seated in opening 81. In some enbodi ments, 5the spring 37 is netallic,
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Descriptions of other embodiments of the s r|n are further described
herein. In “Pﬁ@fesé%égd’in%lﬁfonﬁ‘ft S ofie hquppee BGPT nEPeBe HESTE F CHPER™ 8% t hat

abut s an i renéythe degpio@wids sldififnalde@ding to the front edge of the seal assembly to the dynamic
20 surface. When relaxed, however, this design forms a small incident angle 91 (FIG. 3) of scraper face to

ucm%tqe otentlag rl%? mg atst

hardware of less than 90°. A contact point back angle 93 in a nominal range of about 93° to 95° is

formed by portions 39, 41 in the uncompressed state.

After installation and compression (see, e.g., FIG. 6), the angle 91 and polymer ring portion 73
flatten out and are substantially 0° and parallel to the axis 15. After installation, surfaces 40, 42 may
25 deform from flat surfaces (see, e.g., FIG. 3) to the concave or arcuate surfaces (e.g., parabolic curves)
shown in FIG. 6. In addition, angle 93 increases to approximately 100° at the shaft 21. The additional
loading provided by the geometry of seal assembly 31 (e.g., angles 91 and 93) creates superior fluid
dynamics and surface particle removal. As a result, the seal has a thinner oil film and is thus drier than

conventional seals, and permits less leakage or weepage.

30 In some embodiments, the use of the polymer ring 33 with an "L" shaped sectional profile also
has several advantages. The polymer acts as an anti-extrusion ring, closing the low pressure side
hardware gap (e.g., adjacent housing 11). The polymer shape reduces the dynamic friction and shear
stress on the elastomer by replacing a substantial dynamic contact face area with the low coefficient of
friction of the polymer. The more polymer on the contact or dynamic surface, the lower the dynamic

35 friction. The less elastomer, however, the higher the unit load. Thus, the elastomer wears faster than
the polymer. In some embodiments, the polymer comprises about 70% to 80% of the dynamic contact

face area, with the remainder being clastomer.



1085 of the annul ar opening 81. The spring 37 is circunscribed with ends 87
that extend into and are enbedded in the radial thicknesses of portions 39,
41 of thewel2astioa®e body 35. In the enbodi nents of FI GSPCI/uspaodsosihe
spring 37 conprises a sectional profibe having a non-uniformthickness that
is thickest at the apex 83 and tapers down in thickness to rounded ends 87.
However, in the enbodinent of FIG 3, the spring 37 conprises a sectional
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fluid dynam cs and surfg particle renoval. As a result, the seal has a
thinner oi |l fil rf%HET8 ?Tﬁlﬁs‘h@d’ﬂy@? R RO BRET 61r?‘é{|“°§‘éld‘ie§mg BHdberni ts

| ess | edkagwechos hageslog decropBRibnP I FFEK BB AP et STFM HeP Al seanpfiodedig topol yrer  ri ng
33 with an nidimoGinapRic &apiube Fal dEfidu., oaénﬁgay hﬁ’(ﬁpr@@%éﬁll%l&]lty adpant ages. The

p0| ynmer aCtl%sta qlogr]n %m% mb%éltnens aln(i)epal tlh Q m%%hle rs}gft het)e us%XVSLpﬁ aes%%ys gaSI de
p (e.q., adla ymer

har dwar e ga cent housi g shape reduces the
dynam c frl%?mﬁﬁ Eﬁﬁ“sﬂeéﬁ0§@?%§§”§ﬁ“?ﬁé“@ﬁ§§? WﬁPgHV“WEﬁWéEWh@“%
subst ant i alis ahyR@&id sgesgOnlicacteridl &cl@sea fo@ tie splichiob henpbrowe eoefvlbaly.ertswef friction

of the ROl YiEHisuy, lR€ilIRIE RO bLYIER Hh Tﬁmaﬁcheraﬁent act or dynam c surface, the
| ower the dynanlc 35 frlctlon | ess el astonmer, however, the higher the

unit | oad. Thus e wear s faster I n some
’A L f e e
embodi ments, theé polyme ?”‘” nprises ‘About” 799G JQ%‘B%?SYS‘?mSt% 8 hani ¢ cont act

face area, WﬁﬁhmﬁhéS%eﬁﬁmﬁﬁéwaﬁ@?ﬁg”%@&@@&ﬁePmm@ﬁﬁmmnmh““dwmmw
2011/ 07219 2LGCH¢ 4S50t OnDBRBhies iGuct isocprésienaeetibnasp digns37 i n t hese seal
systens allows for tenperature use bel ow the

This written description uses examples, including the best mode, and also to enable those of
25 ordinary skill in the art to make and use the invention. The patentable scope of the invention is defined
by the claims, and may include other examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural elements with

insubstantial differences from the literal languages of the claims.



traditional -40C and, with a proper selection of spring and el astoner, a
usabl e range to -100C. The spring 37 and large radii 39, 41 of the

el ast omerwB2o0higi7piokandl e t he hi gh viscosities of fluidsPpcm/ushasmsst?
tenperature ranges. In addition, the polyner ring 33 grips the shaft 21
better when cold, helping to 5scrape away shaft born ice. The

di e-formed, overw apped, helical spring-equipped seal 11 disclosed herein
has radii at its | eading edges, and is nmuch | ess prone to cut-through of
the el astoner jacket. As shown in FlcGaMs the spring 37 may conprise a
sem - helical wound ribbon, wi th about 30% overlap on each turn. Typically,
the spring has.no gaps between turns. A torus of the spring stock is placed
inacircular male/female 10 "V' groove formng die, which fornms the final
shape. The §priQQWQQYOQQwIﬁ&FPQm&E&E‘a high tensile material that can be
roll ed i nto sheet and?punc ed or roll -fornmed, such as spring netals,

ni ckel , ferrous, or. copper-based allqys. qhe | ast omer may be nol ded from
materials that &r&“ed %?ﬁﬁywmﬁﬁng%Fgﬂ%%@“ﬁ§§e§§*o-rings, such as

i sobutylisoprene. In sonme enbodi nents, the pol yner conponent may conprise a
low friction wedrfdnyaefet B¢ Jor for axig &¢oR relpévererel: /POy NF 4 98¢ &pidst i cs, PBI,
PEEK, PAEK, PFA, FEP, TFM PI, PAI, or any noderate to high nodulus plastic
conpat i bl e w t h aphbskeiperat brte recahd the 8ary iyr sedingbepradgshvusinyaf heiofly of t he
install ati Ofssed Bsc8@FBn@ARQRMI Ments, a nmetal that conplinments the shaft may
be used, such as brass on a steel shaft. However, the use of netal may | ose
sone advant ages ,Qf,. [hg [ing. Because this conponent is not tensile
stressed, the material s chosen for the application, tenperature range,
vel ocity, pressur 20chem stry, chinability, cost, or other physical
constraints. anSgﬂﬁgﬁﬂ%ﬁ?ﬁ%ﬁéwP%§m§ﬂgﬁm%nbodinents i ncl ude, for exanpl e,
hydraulic systens and aircraft suspensions. A seal constructed in
accordance wi t h *FHB2 oRents dnope Gefe & bifsng eerigne g clpsomep dYydYn®AT¢ seal i ng
assenbl i es emdoteihe Musiataashd redies vidiss odnatieddl withawe@nvent i onal seal desi gns.
This witten description uses exanples, including the best node, and al so
to enabl e those AfsdbedodingarYais Kiwhdreih e fol@ierding hab @ 1Bk BAichalsaild he

i nvention. The patentable scope of the invention is defined by the clains,

and may i nCi ude Aosgfé?e%{acc%mgp)léﬁnE,%&rchﬁ)‘tﬁgﬂﬁrym&qmg ngﬁlgel%%lnubg(gf i n_ t he_ art. Such
ot her exanples are intended to be wthin'the scope of the clains if they

have st ructBFErcRl BiFawE ¥2 t A4t a8PnBe “YieI8Y from the literal |anguage of
the clains, or if they include equivalent structural elenents with

i nsubst anti‘al difsyeameaesigs forldym t.hgertin herolymen rignepmaiiess teflatigoehdd ns. WO
2011/ 07219 ZfBG:gFE/oi]Jﬁjz 10,59 LToulr SGltAl M a rib protruding radially therefrom, and a radial

taper opposite the flange that reduces both an inner diameter and an outer diameter of the polymer ring

at an opposite axial end.

5. A system according to Claim 1, wherein the polymer ring comprises a first set of particulate
rejection grooves, and a second set of fluid and particulate retention grooves axially spaced apart from
the first set, and which are smaller in size but greater in number than the particulate rejection grooves
of the first set, and the first set of particulate rejection grooves are located axially opposite the
elastomer body, and the second set of fluid and particulate retention grooves are located axially
between the first set of particulate rejection grooves and the elastomer body, and both the first and

second sets of grooves are located on a radial inner surface of the polymer ring.

6. A system according to Claim 1, wherein the elastomer body has radially extending surfaces

with concave radii at the contacting portions with the housing and rod.

7. A system according to Claim 6, wherein a radial distance between the rod and a surface on the
housing in the recess is less than a radial thickness of portions of both the polymer ring and the

elastomer body, and said portions of both the polymer ring and the elastomer body are at axial ends of



| claim 1. A systemfor |inear notion, conprising: a housing having a
bore with an axis and a recess |located in the bore; a rod located in the
bore for wwi2ali/aretoeon rel ati ve thereto, the rod havi ng aoTastew/0sesif ace;

a seal assenbly located in the recess8of the bore for sealing between the
housi ng and the rod, the seal assenbly conprising: a polyner ring; an

el astoner body joined to the polyner ring; and a spring joined to

t he heLasE1 o mﬁapotygs}ymg el thbéu@ﬁ,inagod@gmei cOMIsve Afiii, gﬂﬂ%e@l)r&ﬁltoeﬂff@dlasm&l deb Ris0O cont act
Wi t oth the n e ro roviding a dynam c sea
therebetmeefmmnﬁm%fggg?%ﬁ¥3€ Srdi mI IP %¥n11 wherein the polyner ring
has an L- shaped sectlonal r of ystem accor di ng iml1l,
wher ei n t he® pol YN 1Ry "8 dj?ﬂ%“@Vﬁ%%&ﬁgﬁmﬁg@?mﬁﬂgﬁﬁﬂ?ﬁ%?ﬁV“lnterlock vi a
a radi al mewloes fpma gm tha diogddesgrdadyieward iom U cbyterhee ndade dmdyigppinanGkieli m 1,

wher ein theen@szl amﬁr intkek @glof;&mmmmn@ anmh@ronmrhk L@Ryarehdde fult@apge on one

axial end, a outer surface wth Rretruding radially therefrom
; h > h
and a radi atfanstltgrﬁsesrrnooépyp(r)oénla ethe f aaﬁegoet ?%asetomer dgﬁces both an inner dianeter

and an outer dianeter of the olyner ring at an opposite axial end. 5. A
syst em accor di ng* YHECrLIHE Y, Cl%éﬁ”é?rﬁ“ PHECHBI PR P R GEPE S B first set
of parti cul &teorefd éetrrimns sgatad Ovteesnnuanaberdngsteconnd hgep argpexfthapdbas amerpar t i cul at e
retention gcro&@oé%fa@e)smé dnifu1® PR&E 8 ard PR Edkind Ha QAR hdd@haf kkitin SRl are @fbudwhi ch are
smal ler in si ze hut gheeasmmerbg nunber than the particulate rejection
grooves of THE Plrs? ndthe first set of particulate rejection
grooves are |ocated aX|aII posite the el astoner bod&, and the second set
of fluid and partVei KPeeing g’t%’ﬁf‘ -3yt Bovey HrE!licdeidy P adtarryodet ween t he

first set ofeepapitdcouithd eolyngy et dicoihrmgt loovee svedipdedinhel seibaisd @nfiznredyody, and bot h

the first apg.se6@ngs sets of grooves are located on a radial inner surface
of the polyner ring. 6. A systemaccording to Caim1l, wherein the

el ast oner bgdy mas:;;stm@aoﬁﬂ %% Gt EOHLOGnS Mg%gﬁ%sem LG ORGAVE R AdI T at the
contacting portions wt ousi ng an A system according to
daim6, whBEPHikersge g*df%t ance between the rod and a surface on the
housing in the recess is less than a radial thickness of portions of both

t he pol ynmer!2ri ng ssifrdh adeuling fod 1o freherpyoidssprizggeinnsises esepiord profishapfie 4ot-h t he

pol ymer ri ngif@mnchidkie dal asicasml an BRdYeradt éd @&berdadivan 1RIRELSs t@founddGhds, the

2011/ 07219 0 e t r body at

t he concavéPng g%ﬁﬁgg%%;%ﬁﬁﬂ%%ﬁfdgL cmﬁ%&?%g%QQMMgg' ngémgﬂgreater

r adi al th|d?ﬁ@§§aVﬁ%ﬂ%Fﬁ@%ﬁ§*$W8ﬁmb?m?H@mﬁ81yner ring. 8. A system
according to Caim6, wherein an inner one of the radially extending
surfaces extBends: s sramlyrepmesihat protrudes radially inward fromthe

el astoner body, the rimoverlapping an axial end on a radial inner portion
of the polymer nipsignerauizd an outer one of the radially extending surfaces
transitions snmoothly froman outer radial surface of the el astoner body.

9. A 5y5t6”1aCCQﬁQhﬁ&m%&w§h@hﬁmépmwﬂﬁ&%WHe&ﬂ&g%kﬁ&%@%@ﬁw@@&%m@as an annul ar
opening in an axial directio r|n%1|s seated in the annul ar
S

DR
openi ng, thelgﬁmnmmc%?nmﬁemmﬁaﬁmg?mphd? abu an inner, concave surface of

the annul ar openi ng, and the spring haV|nglends that extend into and are
enbedded in sai d S%’Ei? Pi“‘éflﬁ%‘h%“fla“f"ﬁ% b s bt e piys of the elastomer body in

opposite directions for providing a dynamic seal.

14. A seal assembly according to Claim 13, wherein the polymer ring has an L-shaped sectional
profile comprising a tubular portion and a flange on one end, an outer surface with a rib protruding
therefrom, and a taper opposite the flange that reduces both an inner diameter and an outer diameter of

the polymer ring at an opposite end.

15. A seal assembly according to Claim 13, wherein the polymer ring comprises a first set of
particulate rejection grooves, and a second set of fluid and particulate retention grooves that are spaced

apart from the first set, and which are smaller in size but greater in number than the first set of



10. A system according to Claim1, wherein the spring is netallic, bonded
to the el astonmer body, free of contact with the polyner ring, die-forned
froman owverbappeh2netal strip, and configured as u-shapet/usaniosmsyer s.

11. A systemaccording to Claim1, wherein the spring conprises a sectional
profile having a uniformthickness and square ends. 12. A system accordi ng
to daim1l, wherein the spring conprises a sectional profile having a
nonuni f or mﬂaﬁbmg&ﬁontghﬂ%s ia&tﬁemrseééaﬁpmemataﬁjeaﬂalegeo&aelreefaaftedaﬂdsﬁealper s down in
t hi ckness te?astler(r?elfl %e(%n(ﬁ e sec’ond SQ 8f fpuhd aX(gq?artlc%late rgcen%%nrgcr)f)oveé greslocaapeggettw Yoto 80%of a

dynam ¢ cont act ‘e area, an onpri ses about 20%to
30% of the &Y PFé?ﬁP&m%lBﬁf%Fettonﬁra‘é’és 454 thgelastgrger body s"‘e%"thé@éeh%@ i?c"“%iﬁﬁﬁfn sing: a
pol ymer ri nggoves are located ameanédnastroomi thb@tyhejrog.ned to the pol yner ring via
engagi ng nmenbers, the el astonmer body having portions conprising extended
surfaces wih cm@ysenab@ddcbrmn@tadlalm 13, Wherelaaﬁlp,ﬁdstrﬁ&nd)rﬂ)'fﬂﬁdhetp@lyﬁl@%néal ast omer
body for bi a§ gaattorrr]leerb |:arte Iat%l'l 11 i)oly%\er nrégga]tSl(E tggr?asto gé(léatnhecc)(p ave ra%: g:: rections

for providing a assenb ccor aim 13,
wherein t hethermﬂl‘g)fh‘lﬁhe FIFSH’@IGWQ@ hayt ereatgiughens e de P‘ﬁ‘i*f’él"ftberpﬁlﬁirl?ré‘“%ﬁﬁﬁ‘? ising a
t ubul ar poritdeode @@ eBenfilddarfes end em e fid tha@rotraddt iBwarditbhd teGRswrhet bod@ ri b

protruding thef&tLpm, 204 oﬁantnﬁs%smmpﬁaéﬁo%emg add ANEE ode DAL: LEQUces both an
i nner di anet and._an ou mer ring at an opp03|te

di a ol
end. 15. A aé%?l‘ra‘ﬁlél%“é%ﬂ"\t‘ilyé8188?°dlehséi‘facci)OféHeélFSFﬂ“]f *Bher ei n the pol ymer ring
conprises a first set of particulate rejection grooves, and a second set of
fluid and plrti cuFaterPlereritingn Cynodvesci Ratlasgme bg%eseaaﬂaﬁwtenw om t he
first set, anteywieGiseaiden tsamarlulaedpering, t5d sgng baving gt |att@r abithanfwei@ficatehan t he
first set Osfurfacé/@t 7%&1&%&&? %quqg 5H§g9a%19é Qﬁ?ﬁgalgxtegd 191@(11¥dlafélélln§eh(§d fn%@c“ on
grooves, and t |rst set of particulate rejection grooves are |ocated
opposi te H'Pé’mél?sﬁg‘iheo PIBBYY, and the second set of fluid and particul ate
retention grooves are |ocated between the first set of particulate
rej ecti on groovdssedprepmbliaccertlingip bl 13 pdeyin tha pandgipindeliichiended ode and second
sets of gr omueSer 8dd@ ahdyabechtzofvid he baWaer ringUhd &CPrim@fis dieh@mpidtoy®r ring. 16. A

seal assenb(jvyﬂagpgglggtggtplgmgnggughgpujsghpedvggﬁfegémn a thickest portion of both the
pol ymer ring and the el astoner body are at ends of the poI ynmer ring and the

el ast oner b dy oncavy. ortion | ast omer body
has a great gr t%i cﬁiﬁseeénglytaﬁ% n%tﬁegIl 5or twﬁlgﬁmo f o Egecom%ises”ec“ona HrOE and an inner
one of the @%ﬁ@ﬂﬁl@ﬁn@wkﬁem@s@qmwﬁﬂep(flx‘r@rﬁlracmnlﬁeﬁ ?’P&‘Et 795p eﬁ%efes i nward from
the el ast on@hanta@oyact thdaered, dnmneVBLohma{dPdyRGNRIRs &6 200 10a 06 bNiR@FnaRkdntaan of the
pol ymer ring,,and an outer one of the extended surfaces transitions
snoothly from an outer surface of the elastoner body. 17. A seal assenbly
Z:’:]SO[ ﬂlengpf‘ I%ngl ?\Sseasl%ssefnbl\éiwgcecgr thto EQI%’I 1?1 a?rtfbl(l’?t e??nrlr??;?cg%%rﬂgsa seac't?ona nn la\?:’ ngpgﬂl ggex
t hat abuts Hring anlfoedm@m?eh%@mcm@t @fawﬁereﬁﬁrniualperﬁ docwpelnlmﬁgess tand the spring
havi ng endswinBatndext end i nto and are enbedded in said portions of the

el astoner body. 18. A seal assenbly according to Caim 13, wherein the
spring is mgtal IASgalasgg%ﬁegmlgrgmg he el astoner body, and free of contact with
t he pol yner ring, and e spring is die-formed from an overlapped nmet al
ST end con QUG A% i NeRedARILLL NS S0 M SR BIREIRY |
havi ng a urinf HI4§ern P8 €. wppip! %“éfﬂ%&‘?f@e é?f’d@adlaftﬁer pessierikerlanep fy r“(‘:‘lt‘fﬁsprl ses
about 70% tteth808ocdianstetlint amuer doRtac the foyoer rag @ay opanitk dklalene| ast oner body
conprises about 20%to 30% of the dynam c contact face area. 20. A seal

assenbly accor d|aﬂgas{0&er@1)(@!hd"ﬂea-t3ﬂhe‘ﬁ(ﬁﬁﬁe@iu@vfaaﬁdﬁlﬂﬂehlﬂﬁln(?a%ﬁfgr&eesth@- secti onal

pr ofile haVI rs]tgmerbor('i()EI Vllfllmort%gsnc]ot I’Hsfrzlkrn a§1 t siur act hlltEC %csagera i a%‘gl apex ther eof
and tapers i'm° thi ckness to ed e ﬁgs 21 seal assenbly,

conpri si ng: a poly rin haV| ng an axi s and an L-shaped secti onal
profile conpri s|aﬁﬁlné30f“ﬂ’d?1‘lh‘é‘?la“ﬁ18‘?rg‘i’dé§f‘PrEf?fd“gﬁlef’qnéi’ﬂboéthf)ﬂas{ﬁ’ﬁlér baRim| end, a

radi al out ewpsitrdfrecgens and inth ieneraadivugt radid perctdp posditee dihmicdaange t hat reduces
both an inner diameter and an outer dianeter of the polynmer ring at an
opposite axial end; an el astomer body joined to the polyner ring via
a radial nenber in a radial groove, the el astoner body having portions
conprising radially extending surfaces with concave radii; and




a spring joined to the elastonmer body for biasing the portions of the

el astoner body in opposite directions and into inner and outer radial
contact fwo2priovedeng a dynam c seal. WO 2011/ 072192PCPC0830410/0859817 10
22. A seal assenbly according to C aitm 21, wherein the polyner ring
conprises a first set of particulate rejection grooves, and a second set of
fluid and particulate retention grooves that are snmaller in size but
greater in nunbeysd ttaeﬂlbtyla@orﬁlhgtstzlaﬁem varbreip @k ﬁdlﬁ{é}rﬁ@eon{pﬁde%ﬁr&t%ﬂotgr ooves; and
V\her el n artic latterj Cth SOT()VCS ealtld aOSCC Ip(iagt%%fﬁ;l% 1’?({ Lﬁalte r&en 01’1 To \I/‘eo }a/terse srr?a e l Ocat ed
axially opdﬁsﬂt the ‘oner nd the secon et o |Uld and
partlcuIaténP@P@ﬁ@ﬁﬁﬂ”&@ﬁﬁ@é§méF%%t%@%W@Bm§%ﬂ§PFvwﬁbﬁﬂéﬁﬁmthe first set of
particul ate rejection grooves and the el astomer body, and both the first
and second set s Usflisgreiopdreasulgs wicdtigratoed ap fpcaedadly aprojitnthedasouerbelse of t he
pol ymer ri ngd e s%&ndﬁto?ﬁtﬁ&an@%@ﬂmé ﬁéteﬂﬁﬁ@&ﬁuzsﬁ@ 1Jc5aed@1uaiymt2élgn hWRes&bin a

t hl c keSt r adll'tlglh@fteg‘%]?_(l) 101’1&1’0|0VGS 31’19 916 ga&omer 5(%/ %‘H?Ot I trg aﬂ% SCC ndae?s O?!%I‘QOSV%SQQII%’E" bOdy are

at axial e oner e concave
radii, and @%@d%UFWPbﬁwbﬁmFﬁ@ﬂ@P g@bﬁ@r body has a greater radial thickness
than the portion of the polyner ring; and wherein an inner one of

t he radi al 133 extAewxd rspagbls aechrdice's Coxt 2érvdsreif p thivkeat radiahpottiiagt bph b¢ rolvdes radi al |y
inward fromgd Q&t R |el@s$&r@f‘ﬂ%ﬂy al%)idé&lal i@ ihd JyAVehE aRPL a@toﬁl& b8 atthe BREON a

radial i nner Ele portion ofthe eleast(Pm%rlX) ra a}:ﬁlreq %ra@a@%lcﬁless tﬁe pogl nof%f the radiall y
ext endi ng surfaces ransiti ons smoot m an outer radial surface of the

el ast omer BBy ing4nd Aegeal assenbl y accordlng to Claim 21, wherein the

el astomer body has an annul ar opening and the spring is seated in the
annul ar openi ng,an amdor hEheahddt oredngboties conpiiios e smagboutru®OMitle 30% of t he
dynam ¢ confhaed frottﬁﬁé%laﬁ(')’n%abody the rim ovetflet})?ln@agraklﬂ gndttagraam iRRS¥idRahe abuts an

I n ner conc agfrenersrllﬁl r %1’1 ou?e one oﬁhearn ny ex{encf)rp %acegl’,ran 1610 SSSI’I’IO qﬂt ﬁ‘()el’l’)l(gl’le(){’l]t(ej I nt 0 and
are embedddd I"f "S&i" por 'ons of th astoner Do 3 the spring conprises a
secti onal préf purese plakeichgonzer #Nn- uni f or m t hi ckness that is thickest at an
apex thereof and tapers down in thickness to rounded ends; and the pol yner
ring conprides aboditssctOYndcodiB04 bin 24, vdymiaft daspontbadthasfaoeulareang 25. A seal
assenbly a%@thatp&gg if s@ate@llrﬁilemhr%ﬂar oW Bl Me ARGMS 19&1( B@hpliss ¥k 8dod b Goo, Honded to
the el astomp e of contact with the polyner ring, die-formed from
an overlappe “and configured as a u-shaped cantilever in
sectional profile, and the spring conprises a sectional proflle havi ng a
uni formthi ckn eé@ slglﬁahaé a]lfaefxéha‘baﬁta%an inner, concave surface of the annular opening, ends that

extend into and are embedded in said portions of the elastomer body, the spring comprises a sectional

dlynamfc\(:f)ntac face a

profile having a non-uniform thickness that is thickest at an apex thereof and tapers down in thickness

to rounded ends; and
the polymer ring comprises about 70% to 80% of a dynamic contact face area.

25. A seal assembly according to Claim 21, wherein the spring is metallic, bonded to the
elastomer body, free of contact with the polymer ring, die-formed from an overlapped metal strip and
configured as a u-shaped cantilever in sectional profile, and the spring comprises a sectional profile

having a uniform thickness and square ends.



