HES 2010-1P-039400U1 SEAL RING BACKUP DEVICES AND METHODS FOR PREVENTING

EXTRUSION BACKGROUND [0001] The present invention relates t%égagaﬁ§ﬁ38e&%%wore
. ) : : 3

particularly, to seal ring backup devices having a scarf cut and methods
Preventing leakage of fluids such as liquids and gasses between sliding or turning parts of a machine

often reqSEgRL ARERIE B AGKUPIDRNES A NDCRRE AHOD KD R FREVENTANEPEeYREBSYUIN gland

designed to receive the seal ring and seal ring backup device. Common examples of seal rings and seal

ring backup devices include an o-ring and an o-ring backup device, which are configured to fit into a

gland. A gland may be part of a body such aBABKEGROAUMNDBvable part such as a piston. As used herein,
a "gland" is a machined cavity including a machined groove and mating surfaces into which a seal ring

and/or a seal ringaCyp ?ﬁ¥'C‘BPef§eWEe‘i'n¥\é'm|Br? glanded s EESIE‘?QV clpsedie gap hetygrn mating

parts, allowing a seal to form. A'gland is usually made in a portion of metal or another rigid material. In
order to fATaHREPer Eféaﬂeﬁierm@a@ﬁapaa@mﬁés m‘é'@ﬂh@d eagl, Bidnriier, aHanl@phars, contour
of the cayj{g,xg@kls etc.) must be compatible with the specific design considerations of the seal ring and
the seal-ring backu deV|ce V%_El)OOBJﬁn partlcular o-rings are torus, or doughnut-shaped seal rings

used to prowde'ép Simdiie atiRgpahts h‘é@?néy%\ﬁesgﬁfbg'daﬁn%ﬂﬁ (PAPSEHIRGEVEEE to parts

fit or dlmgnam@abtot@rramgs&eweﬂnaoaﬁ@crqrfmwtare regtalygmpleesifigns plastanipgs sHeliass
deformable (ubber and can be found installed ont h pre Hsure S|d§ des eneral flow from high

pressure?b 16 bS5t} BPa Fatfety 474 ‘?&5%‘9/5 emaa iy VAV BRIHY 9?15% SR Ay daulic

pistons. Gedigrbaskupddewies mge bigespaged groteCtiveratemexisrysied tof ssyplortribe amidhgseapainst
mechanlcal fall!)urekﬁa 9y resultln frpra extreme deformgtlorl? and enfh g8 thecpressure Batlﬂg of an o-ring

seal. O- rlng %achp aDewces are typica Fy Made from relatlvey rlgld | thatehal®and installéd on the Jower

pressure®@idéigured to fit into a gland. A gland may be part of a body such as a bore or a
movable part such as a piston. As used herein, a “gland” is a machined cavity
including a machined groove and mating surfaces into which a seal ring and/or a
seal ring backup device are fitted. Within a gland, a seal ring may close the gap
between mating parts, allowing a seal to form. A gland is usually made in a portion
of metal or another rigid material. In order to form a proper seal, the design
characteristics of a gland (e.g., diameter, removable parts, contour of the cavity
walls, etc.) must be compatible with the specific design considerations of the seal
ring and the seal-ring backup device.

[0003] In particular, o-rings are torus, or doughnut-shaped seal rings used
to provide a deformable seal for mating parts that may have gaps, among many
things, due to parts fit or dimensional tolerances between parts. O-rings are
usually molded from elastomers such as deformable rubber and can be found
installed on the high pressure side (fluids generally flow from high pressure to low
pressure) of a variety of sealed systems including valves, pump shafts, and
hydraulic pistons. O-ring backup devices are ring-shaped protective elements used
to support the o-rings against mechanical failure (e.g., resulting from extreme
deformation) and enhance the pressure rating of an o-ring seal. O-ring backup
devices are typically made from relatively rigid materials and installed on the lower

pressure side.
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[0004] While an o-ring's primary function is to provide a seal, an o-ring backup device does not typically
have any intended sealing function. Instead, an o-ring backup device is designed to remove extrusion
gaps inside a gland. As used herein, "extrusion” generally refers to an extreme case of deformation where
a small portion of a seal ring is forced into a small clearance gap within a cavity. As used herein,
“clearance gap"[@ryesdly Vefees ththe gag detwaeiiwr il sUHaces Bl usice Harsaftenriaad to
physical damage to a seal ring, which leads to seal failure. An o-rin ba?kup device, by way of its design,
ban reduBa g ARAE ARSI b Gl BT S T IMAICHER g AR e Lavity.
Thus, anrgnpdukcky ol delde e cate pitpleagtihe difecspar xfrasiorrigg pethisidesealjigsystem apdensure a
properly orkiﬂg seal:. Sealns,ystem ressure ratiggs can aésont%e significai_nt(li/ i crea]::seg] Whﬁn seal ring
backup eViceY are’liEeq'° [888?19 4 t@/ep%'é S tuap, an r%ngemC )?%eoins al2diR éosea‘ﬂ’insrgysﬁem
generallysfeatlmingtiocylifdrisabsuifares $actedsiatpistosmzait dglimdeceagabinaiibim a mistoryrodand rod
guide combinatj axotati af i ombinatiqn. d i inan
exterior slfjgr) ;a?e%}ﬁ?é’pis%?r% Egrq,%%e#%?ﬁe gﬁ%%{%n%ﬁg% Sljgrgaﬁ1 %fgt;!ﬁgg c%r?goeésg@?%ge%%%ﬂrnégerred to

as "the b@r@fﬁcsqordbetru&m|aﬁ@anéqnii@§drf@t iy eiei fftH aae ﬂ@eag_smdi end firmiigiedpesitdehe side
walls of thgdpating-sUraRes. gy BRkiFMBETAHEIEs, AN Prepsiy efesAhiMRAS SRRV P YHapR the

physical and mechanical properiies of an elastomeric o-ring, increasing the tendency for extrusion. A
variety ofefleterBaRfcHiReCakitgsin RIGEHINRINEIG8IRG, BiRk rdearmines toaexrdtiletbR NS, 0-ring
material heing, taa sofntNpEeREbMAAGRIRG PIRaATHNG 8IRRds 386 BRIOREFiAgNMHIE DJdging [0006]
In order to prevent extrusion of the o-ring, an o-ring backL%%evice may be installed into the gland to
contact TSRO HRE 16w JRELREFY SR Kb RFAY preflur¥ LamaRISTPHE STHIPBLANS Fovice,
which, indersigeafiexpanthersaeve ionhalosezanthgssectiapydelnuasaterthasdearance gap within the gland
cavity. This ens t an o-ring will not extrude intg the clearance gap. . .[0007] While a seal ring
backup devioe (LURIRT ol HIGE) <P G GRS 50 RBa I AL B SeRL BHa e Eratare
settings, ganayahiyt feaRiniisefal aylaidyipets i rtared ss kT exaampile;cenopkcygladdhasnmérimatabte parts
that allow. a [N o deyice ily fit i gland cavity e it ligy t there is
no knowvr\% wéggéﬁygrc? @ea%s)?/s%\aérﬁ t tﬁéagsn )ééﬁdgl%gi{r'l%ﬁ "bl?r?d"églapn%.%gﬁr{{d %}L;érfé is% ﬁﬁsoﬁ?éﬁ%ﬁrﬂ toas a
closed glaﬁmb'rﬁtwgﬁnofrﬂi@ték@ﬂdap’aay Eﬁtr’@;ﬁbﬁ&ﬁcbfmhérs.@mtﬁriggﬁd fegd r?fgtbacnliﬁiWE}ﬂCe may be
necessanyheBHAING 3Pl gtk T BusRLIid wland, irrdreasarsiipnabdesign congidseatipns as the

inner diameter of the seal ring backup device is smalle;ﬁ/han the outer diameter of a gland into which it
must fit. pore”). A proper installation requires that the o-ring fits into the gland and firmly

contacts the side walls of the mating surfaces. Elevated temperatures and
pressures can impose severe burden on the physical and mechanical properties of
an elastomeric o-ring, increasing the tendency for extrusion. A variety of factors
can cause extrusion in o-rings including, but not limited to, excessive clearances, o-
ring material being too soft, improper machining of the o-ring gland, and improper
size of the o-ring.

[0006] In order to prevent extrusion of the o-ring, an o-ring backup device
may be installed into the gland to contact the o-ring from the low pressure side.
Incoming pressure can act on the o-ring backup device, which, in turn, can expand
or move too close and essentially eliminate the clearance gap within the gland
cavity. This ensures that an o-ring will not extrude into the clearance gap.

[0007] While a seal ring backup device is useful and can allow softer
elastomers to be used in higher pressure and temperature settings, it may not be
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SUMMARY OF THE INVENTION [0008] The present invention relates to sealing systems, and more
particularly, to seal ring backup devices having a scarf cut and methods of use thereof. [0009] Some
embodiments of the present invention provide seal ring backup devices comprising: an annular body
having an inner diameter, an outer diameter, and a scarf cut; and wherein the annular body is configured
to fitha 3'%@@@@89&9@%%&@[%'&_ F[Qflz%(la@ibf, %ﬁbﬂ@@ﬁ@léﬁw@f fae Pé@ﬁ@ﬂ%ﬁl&éﬁ%ﬂ% I@F%\tide
methods comprising: providing a seal ring back-up device comprising: an annular bo aving an inner
diameter ARTAR S RS RESK U A AP A dli BHANE SIRTAF BYGY, DUt (6B TATSH:
embodimesiie af dhenpite shatdnveniornkpvitlevedtwds porspabisgsaovidizg aseabangdeackaup device
comprising;.an,annular b aving,an inner diameter_ and an quter diameter: providing an elastomeric
coal 1ing, FL Bl O 10 E0yT S B0 B S G DGkt L B8 SPAEE seal ring
in a glanehplaetebipprevdtireg ch sefat e sseablimy applicatdming HO0R2) Twy featnay brdadeantayes of the
present inyeoon kb, regill apparan tofhase sk At upo. A Rldhe derighon of the

preferred embodiments that
considerations as the inner diameter of the seal ring backup device is smaller than

the outer diameter of a gland into which it must fit.
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BRIEF DESCRIPTION OF THE DRAWINGS [0013] The following figures are included to illustrate
certain aspects of the present invention, and should not be viewed as exclusive embodiments. The
subject matter disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those skilled in the art and having the benefit of this disclosure. [0014]

Figures 1A-1C show different scherg@ji MARSYCO& S9RE! NIY\PERRLIDIEVice. [0015] Figure 2 shows a
schematic drawj %1&) ing a cross-section of embidime% of a seal ring backug device with a metallic
wedge ring desIPOBYO0T FRIGRASABKPBHAN cSLetE8cdnaT NG o VRIS coRfgurAiRis for
wedge shegpéeididealyringpbacklpidgvicesk g urevdtd showsrtbeavedgd shapeddiesigrhusedan adwonded
seal. 017] Figures 4A-4B show cross-sectional views of two separate embodiments of a seal ring

backup ewESS, llustrated in place in engagement with an o-ring between a piston and a bore. [0018]
Figures 5A-5B JHA02 troSswwectionzd dlosenip didiverpapsentbivviendimobamsdderirpbaickupatdvice

without %‘9“%@&9”%’?@‘84&@&!‘9a’ﬁl?)a%%‘ﬁ%n%?' W@&?U%ving an inner diameter, an outer
diameter, and a scarf cut; and wherein the annular body is configured to fit a gland
and engage a seal ring.

[0010] Other embodiments of the present invention provide methods
comprising: providing a seal ring back-up device comprising: an annular body
having an inner diameter and an outer diameter; and making a scarf cut on the
annular body.

[0011] Still other embodiments of the present invention provide methods
comprising: providing a seal ring back-up device comprising: an annular body
having an inner diameter and an outer diameter; providing an elastomeric seal
ring; making a scarf cut on the annular body; and placing the seal ring back-up
device and a seal ring in a gland thereby providing a seal in a sealing application.

[0012] The features and advantages of the present invention will be
readily apparent to those skilled in the art upon a reading of the description of the

preferred embodiments that follows.
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5 DETAILED DESCRIPTION [0019] The present invention relates to sealing systems, and more
particularly, to seal ring backup devices having a scarf cut and methods of use thereof. [0020] The
present invention provides devices and methods for supporting and protecting seal rings against
damaging extrusion and mechanical failure. The seal ring backup device 100 provides enhanced

protection against extrusion oBRIPFIDESCRIPTICAN OE. Her! prRIV@mMNEsticularly susceptible to
extrusion in high je ature ang/or high.pressure conditions. These conditions are common |n
mechanical syst A 5 TRIGH CEAB G Fe T MR Ao U8 15 BACRER RBE 100
may essentiayntldsearnioextrasbnspajlarisiog fhemvpansdit,dineasichat: taetbncas betaceparts, or
other soyres, Asa1esult plastemers that iradliopally lack toughngss max also badsed gs sealyings.
While theSe Sorfter elastonmers often have 18as extrusion ress?ance, tﬁey typically Rave greater
temperatargresistdace. Mefead remotite peseht dozentionthnsesidiktdntytiadelgdanalheherfigures
describedheRiRxfit O[pg%;bL] diba Jing backup device 100 also features a scarf cut 102 and may be
configured to form a wedge 202 (illustrated in Figure 2). A scarf cut 102 is made by cutting the seal ring
backup device 18W03kh drigleesldifvel fo Prnie fierrontaaiaatésticaviaples @er! 4irdcbafsind
angle). This,ywedge 202 in turn may form a wedge type seal (Figure 5) within a sealing system, thereby
eliminating any extrusion gap. In the seal ring backup device 100, the geometrical configuration (e.g.,
angle) of the weld}f@ b FIGUHES s SR aTHHY kB B G STRYIRD DritRSSaRaEl88ethan
Cleeirancei)@m&dnﬁmh' el aasl bﬁf@@ébl&.%}?abm;%Wﬁrﬁéﬂﬁétalm@-vﬁl—étﬁ%écﬂﬁglsb%%ﬂs? ﬂlows the
seal ring backu vice 100 to exp pidly without excessive energy thus making it useful for a variety
of glans mcluc D GHPHE S A SR T AERAT SECHRNTh0 4G Rak ARy ST GArBAOFaurrace
geometriésr(Wgdees Stapel) whahrbag aectunnddaiess brdagiuan@lotisealsitgesizesigghapepeaand
diametera. . 0022& ﬁ%ggres %A-d’LCS:esahow the seal ring backup device 100 in three related views. Figure

: esign use 0 . :
1A is a reference view in th?uc frie ver{lcal plane is 6

[0017] Figures 4A-4B show cross-sectional views of two separate
embodiments of a seal ring backup devices, illustrated in place in engagement with
an o-ring between a piston and a bore.

[0018] Figures 5A-5B show a cross-sectional close-up view of an
embodiment of a seal ring backup device without (Figure 5A) and with (Figure 5B)

external pressure.
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perpendicular to the direction of fluid pressure. Pressure is labeled as P with an arrow indicating the
direction of higher to lower pressure. In other words, the arrow points towards the region of lower
pressure. In the embodiments shown in Figures 1A, 1B and 2, the seal ring backup device 100 is oriented
so that the high pressure side is the left side of the seal ring backup device 100 while the low pressure

side is the right side. [0023] Figure p Bshonsphp sSaRETIeaskup device 100 after rotation about a
compound anglgég\i%\ée the orientation shown in Figure 1A. This véew shows certain features of the
ice 1

seal ring backu @?ha'?ﬁﬁ? e H?ﬁﬁ%ﬂﬂ?g il(i 5?5 intﬂwesleeq .P&cay\ﬁlé%oﬁﬂ n IB?é’JFe 1A.
[0024] RefartingltoliFjgtwesHa| the gead dagpbaekupedetiaei 1§ Oacanypiisestaarahnmukthioady df0d $eaturing a
scarf cuttJTOZ. '(I)'léne annular body 104 has an inner diameter 106 and an outer diameter 108. The surface

4 .

of the se ﬁﬁ% ackup device 100 facing the center of the annular body 104 is referred to as the inner

surface 114. ThEGZ@de dhthesesd ning baokiop device eeaifadna; @ml/maw@ys ffonrst_lmoetitcg is
referred té’n? 5P8t8HEﬁ{§‘éré§F9rﬁu&§- GG f&%QBEﬂoﬁ %&FUE@P%%‘?@&H%%%? fafilne the-pigh
pressure side'Is referred to as the top surface 118 and may be flat or contoured. The surface of the seal
ring baclkfRbEice Dtk EaTifg e | Presevidesi R aier der et itHe PBRIGIFE stixfaesiaRParMmay be

flat or COBW%%MH%#Q%QPﬁW@QtOS%QIf ﬁHG@%i%iﬂﬁ’éﬁlgVﬁ@QE‘@é isriatony they e MefigHended

to be limiting, but are rather used for simplicity of description. Figure 1C shows a top view of the seal ring

backup déiceerabire pas%] THehs IRt F0 WA BRGreattRasy aCPRTRHPBF Nt thFRMmA0diRg wire
Electricaliisehaigel Mashinig rdzfaMiheu fiinial sawig, imidingnivenengp prisytyms of aHuiker ohgther
methods for creati Q/.a slit ip the annular bOdIY 10|4. The scarf cut 102 is enerallé?ade on theﬁﬁnnular
body 104*?%‘3!%8%&[:99 fFSn#EQ SR GRANRHA Y08 %5 tha M ner Ui 40 HHES LA RAGS May be

made at somenaigie OtdHaarecdB)retataentpthedopsuwithee ebtheseal Avngdackult,deldeeoh®drdn some
embodiments 1% A0GIG0 (08 b IAMLA00ULS (9 abaut 45 degrees, Thesca i 12 esuligIn a smal
gap 110 and two sfope thces 112 that may intérfogk or shide against-:]eag'rgJ dther. This gap i provides
the seal ifesbacknp 7otievicda0e withsareiximesidiameseist@tcthattiseslighylyitaider e therdiberter of
the receiyj u ing the r ily install th | rin devic ap may
be on th(;{ %}g er?égég%u%glgg)wlﬂlr%hes@aﬁﬁ%ﬁ%% ﬁﬁ:r?ﬂé g‘%?e% Eﬁe%gglﬁ% bgg u%aaqé%?gé}itl Ois
installed, | &hegshiBatiléen fiaiseart eseripedigfeldse to conceal the scarf cut 102.

[0021] The seal ring backup device 100 also features a scarf cut 102 and
may be configured to form a wedge 202 (illustrated in Figure 2). A scarf cut 102 is
made by cutting the seal ring backup device 100 at an angle relative to both its
horizontal and vertical planes (i.e., at a compound angle). This wedge 202 in turn
may form a wedge type seal (Figure 5) within a sealing system, thereby eliminating
any extrusion gap. In the seal ring backup device 100, the geometrical
configuration (e.g., angle) of the wedge 202 ensures that the seal ring backup
device 100 will contact and close the clearance gap immediately and before the
seal ring 300 can extrude. The scarf cut 102 also allows the seal ring backup
device 100 to expand rapidly without excessive energy thus making it useful for a
variety of glands including blind glands. The seal ring backup device 100 may
feature any of a variety of surface geometries (Figures 3A-3H) which can
accommodate a broad range of seal ring sizes, shapes, and diameters.

[0022] Figures 1A-1C show the seal ring backup device 100 in three
related views. Figure 1A is a reference view in which the vertical plane is

6
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[0026] In general, the seal ring backup device 100 is constructed from a relatively rigid material compared
to the seal ring 300. Suitable examples of materials include, but are not limited to, metals, alloys,
ceramics, plastics, and thermoplastics. Suitable examples of alloys include, but are not limited to,
beryllium copper, bronze, brass, steel, etc. Suitable examples of plastics and thermoplastics include, but

are not ligteck Fyipalyphenylrne selitten( R S ioyrsyiiherketane (PAEK)apaleaPBaus pAbIMEFS,
polyimideséPl), E]oléam,ides éPA), and sulfones. In some embodiments, the plastic material m%)(é)e

cross-liniEgW Y Ak 686t LIt R0 Kb BRERGIR S ¥V PEESSHiKed PAEK  BtHiP Kffra
materialsafiobthepspatsingviaacie prdevias 0@ fncdude pitiess warbombtaek efibiess! oheatbash@lassnclay,

polymers,.nanoclay, nanotubes, and boron. 0027 tional e annular hody 10 the seal ring
backup LSO E i PraHAer oo eE D AE ey e S o e A ed B orrosion
inhibitor, preestosionidesistatitankt@riaidea fottitwe redatetng vieakrgr uberjcand @0y cinibitbiolsof these.

Suitable B@&ﬂ@ﬁ(ﬁggggﬁ%ﬁ%@@g include, but are not limited to, hexamine, benzotriazole,

phenylenediamine, dimethylet lamine, polyaniline, nitrites, nitrates, and cinnamaldehyde. Suitable
examples of cort@8@3 lesEaitemakeridlansuthe Heareinet haredrod evees, ihBEhalfteicketbiissd alloys,

and titaniyip 3oy g oRHISHARJ SAiGRr S SUtRRIG {PEHS S Hthe REFSSAbINKERMIBTLTIY P&, PatBaRgnd/or

copolymers. The term "copolymer,” as used herein, is not limited to&c))g/mers comprising two types of

monomefBAUNRCHERIRTEAES 8RYOESMBIAGAbRAIBE MGTEHR AU HerpdnmYeRse 1‘31@&85/ rs, and

the like. An.exampia eha pritableckiclion KMBIGATIRaMRIIEES & quaternized aminoalkyl acrylate, such as a
copolymer of acrylamide and dimetk:%)aminoethﬁl acrylate quaternized with benzyl chloride. Another

example of a sub388ctRRIFEHOGIHG JoRHher é@%cﬂﬂﬂnﬁ@@.‘% deuirpId Q0 A2RIiSHR friction
reducer cimprising a¢yiMme4ds R sapohiyner efaerylamicandrae yvéia meig: Saely frigienhasuners may

oryiamidB g LTS 2 BONE Uy Be g gl (B Emias e AR Eb Mest™ " bozg]
Figure 2 bholuspadross sk@ofaview of¢theeseal rofgtbackapudevibe AW Ode et Kimialriyo(lba, firessure
flows left.ta ri evieyw s indeigur T repre t FQSS- ioned
portion o*hoﬂégs%% rlr% b%f%pﬁlcﬁe\é\ll%g}i%%’ln t]fﬁse em%gﬂmeﬁ%étﬁ%e%to%ggﬁ%;@? ﬁ%ﬁéu?es%gﬁd IC) of
the seal wwa&mrp abei@@um is frgferneshily ﬂat.thmwmgtéut;ﬁﬁmeltép suffagesvi@saoviidnsake
contact with tNe-3eaLERd 3Avice [988HIRigAEMBAdSRELS e derisudace dd 4nay hrsangied.

v-ringed or u-cupped, etc. to facilitate the contact between the top surface 118 and the seal ring 300

(Figure 3t Rt d dB hdiRysiswiah EigareEyradkeal NRgHAEIERD BEVHRR $60/hHE HAfIHeRalled on
opposingfidre of Yt £RahENh30B W igrEes3ir-alsad apreseinethedanding efdhe sealringdackaon

devices to the seal ring. [0030] Referring again to the embodiment shown in Figure 2, the bottom
surface i€ esrﬁawe%%a& WEGGEBBY e he BOHE NG ASEE LR R £ ¢HARRE LW Ko g R ioRR
embodimstiéstiteobotiprystace i 20tarajcbetab & igurarad) beenvex (Fipared3BY concave(iciure 3C),

o T TR e AT (SRt sk g olow e

[0025] The scarf cut 102 can be created by a variety of methods, including
wire Electrical Discharge Machining (EDM) cutting, sawing, milling, turning, or by
any of a number of other methods for creating a slit in the annular body 104. The
scarf cut 102 is generally made on the annular body 104, extending from the outer
diameter 108 to the inner diameter 106. The scarf cut 102 may be made at some
angle 0 (Figure 1B) relative to the top surface of the seal ring backup device 100.
In some embodiments, this angle 6 may be from about 5 to about 45 degrees. The
scarf cut 102 results in a small gap 110 and two sloped faces 112 that may
interlock or slide against each other. This gap 110 provides the seal ring backup

7
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[0031] Figures 4A and 4B show at least two embodiments of a sealing system. Referring to Figures 4A
and 4B, the seal ring backup device 100 is generally configured to fit into a gland 404 and engage a seal
ring 300. Figure 4A shows an embodiment in which the gland 404 has been machined directly onto a
piston rod 402. Alternatively, Figure 4B shows an embodiment in which the gland 404 has been machined

onto the geigc40800 WRA3ZH FigheRANRBSNPDE VYA RERAENEHEIPISIIRAIBNAN iBWS [gHatad i the

embodiment shown in Figure 4A, Figurﬁ%a’A shows the sealing sgste_m in i’;\ non-sealed sta&e where there
is no pre£8GrE Rl REgRIRIVRGuBS R FEnRV S Vs daRHY 'sHaferitR 4 QehiBSHHER in
which thelsealain@800 @hd theseabingdackupaleviderlop ateaul)esoto adiffsrencaboypressure. Under
external pressure, the seal ring 300.slides the seal rin up devjce 100 up against the wall 502 of the
gland el RSt ety R (el S G ek B e a1 T, S50 A 65 BTG gland
404 to bewatge shaipechayhd e lo aRrofehketbeat ey baclu2device 100 and the angle ag of the gland

wall 502 may bj’{&%‘f reh S e‘r'?é‘.téf‘etﬁ%é”%é’é]%wglB%%Khtﬁoo%%@efoy:rﬁseaébgﬁt?ﬂ%erﬁ&ﬂwt'}f.ang'e

relative to a plarie passing perpendicllar to a centetline of the piston an al ring backup device 100.
The angleci@fieddyrs ngitherantpsiablanvenareplane hassing hongoRBQo a seiithmecapi@lsistari and the

wall 502 gfihe-glrne#itdn seme RNbREIMERtsJItis desiahle t%%?é’,thc%'i’_ﬂﬁ?cé‘,r"_ 9GRS arg-pout 45

degrees. In some embodiments, it is desirable that angles aR and ag are slightly mismatched. In a
non-limitiftFEXGRARE iahgle aRIFBIELEXRIGIRS & be!kysuting!sdegltids U8 difrebmbdfbgites and
angle ag weay|herdesipest tohe aRouttad) degeees st-degrpraprt-QRaApree. of JRR3RLThAtefore,
the present invention is well adapted to attain the ends and advantages mentioned as well as those that
are inherEMt TARIASHTR paHiddRr QHbodifeMtdideiRd d8ov@aPPESYERE oihiids tEfrésent
inventiongogy beedtinstifiedoard practicgd imshiffprentidyisligoivrisntpogmmedeapprigntgolhkeaaiskilled in
the art hag 'R%the enﬁ;fit of thiqteachin%s erein. Ftérthg[]more, go Iimiéatioris are itr{tended _tP tPe%details of
construction rad?asiaH freketn s”oﬁ%}“& SriRan as tRs nSé%ﬁﬁ {f" LA beIew AT S theretors Evident
that the particudartiiestretbet € nhot iepente slisthesedi ah oy dnay $re latteeddP A&8Hbi R corsmiddifled and all
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should bénaddystederesent invention may be polymers and/or copolymers. The term
"copolymer," as used herein, is not limited to polymers comprising two types of
monomeric units, but includes any combination of monomeric units, e.g.,
terpolymers, tetrapolymers, and the like. An example of a suitable friction reducer
comprises a quaternized aminoalkyl acrylate, such as a copolymer of acrylamide
and dimethylaminoethyl acrylate quaternized with benzyl chloride. Another
example of a suitable friction-reducing polymer comprises acrylamide. An example
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11 HES 2010-1P-039400U1 CLAIMS The invention claimed is: 1. A seal ring back-up device comprising:
an annular body having an inner diameter, an outer diameter, and a scarf cut; and wherein the annular
body is configured to fit a gland and engage a seal. 2. The seal ring back-up device of claim 1 wherein at
least one side of the annular body is wedge shaped.

of a suitable friction reducer comprising acrylamide is a copolymer of acrylamide
and acrylic acid. Such friction reducers may further comprise additional monomers,
such as 2-acrylamido-2-methylpropanesulfonic acid, N,N-dimethyl acrylamide,
vinylsulfonic acid, N-vinyl acetamide, N-vinyl formamide, and mixtures thereof.

[0028] Figure 2 shows a cross-section view of the seal ring backup device
100 oriented similarly (i.e., pressure flows left to right) to the view shown in Figure
1A. The hatched area represents the cross-sectioned portion of the seal ring
backup device 100. In this embodiment, the top surface 118 (Figures 1B and IC)
of the seal ring backup device 100 is flat or nearly flat. Once installed, the top
surface 118 should make contact with the seal ring 300.

[0029] In some embodiments, the top surface 118 may be angled, v-
ringed or u-cupped, etc. to facilitate the contact between the top surface 118 and
the seal ring 300 (Figure 3H). In the embodiment shown in Figure 3H, a seal ring
backup device 100 has been installed on opposing sides of the seal ring 300.
Figure 3H also represents the bonding of the seal ring backup devices to the seal
ring.

[0030] Referring again to the embodiment shown in Figure 2, the bottom
surface is contoured as a wedge 202. The bottom surface also has a chamfered
cut 200. In some embodiments, the bottom surface 120 may be flat (Figure 3A),
convex (Figure 3B), concave (Figure 3C), angled (Figure 3D), stepped (Figure 3E),
V-ring or U-cupped (Figure 3G), etc. These shapes allow the seal ring backup
device 100 to conform to a variety of existing seal shapes.

[0031] Figures 4A and 4B show at least two embodiments of a sealing
system. Referring to Figures 4A and 4B, the seal ring backup device 100 is
generally configured to fit into a gland 404 and engage a seal ring 300. Figure 4A
shows an embodiment in which the gland 404 has been machined directly onto a
piston rod 402. Alternatively, Figure 4B shows an embodiment in which the gland
404 has been machined onto the bore 400.

[0032] Figures 5A-5B show two separate cross-sectional views related to
the embodiment shown in Figure 4A. Figure 5A shows the sealing system in a non-
sealed state where there is no pressure difference inside the gland. Figure 5B
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3. The seal ring back-up device of claim 1 wherein the annular body comprises at one selected from the
group consisting of: metal, alloy, plastic, amorphous polymer, glass, clay, ceramic, thermoset, epoxy,

silica, carbon black, carbon fiber, nanoclay, nanotube, boron, and any combination thereof. 4. The seal
ring back-up device of claim 1 wherein the annular body comprises at least one selected from the group

consistingHywrotyhesylenre sudticle, Rolyaryigthestatens Relimige: BebitacRNBoidnsutpRosEl
phenolic, PBI, Pl, PA, PEK, PEKK. polymer of ether and ketone, any derivative thereof, and an

combinalrimgtljﬂﬁ"é%ﬁ’.pSQWE%é'aQH@r ackRIE detfcd of SEIA LSV rBREETE Tnn Ut Bda X
comprisesrassirfacetooatizg eoryrBenssat easherseselaaie b fronn theqriaep P00sishi gy afhatcarension

inhibitor, a corrasion_resistant material, a friction reducer,, a wear reducer, T ceramic, and an
Mol U e i s ST et pe S o Gl e T
least onedssifadeec bmtdineshegdle 3@2h dh e lgrogip td &Ny dieflate dgaveha pedcavecaagtgd, stepped at

Combinabon Tt 5 P el G b BOLS o Gt harre he Qe i 02 Bl
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extendingdrdig uhedrsretdi@ntbrsohhangiauebody B0réegnessdiahhetearnsthevanaigss bodines. The

iza' ing dagls e deNcaotFigiand WRKIRIG s seatictiias aaoamet ifse BraRbpItPana1hinches.

seal ring backup device 100. The angle a4 refers to the angle relative to a plane
passing horizontal to a centerline of the piston and the wall 502 of the gland 404.
In some embodiments, it is desirable that both angles orand a4 are about 45
degrees. In some embodiments, it is desirable that angles ar and agare slightly
mismatched. In a non-limiting example, angle ar may be designed to be about
44.5 degrees - 0.5 degree +0 degrees and angle a4 may be designed to be about
45.0 degrees +0 degree and -0.5 degree.

[0033] Therefore, the present invention is well adapted to attain the ends
and advantages mentioned as well as those that are inherent therein. The
particular embodiments disclosed above are illustrative only, as the present
invention may be modified and practiced in different but equivalent manners
apparent to those skilled in the art having the benefit of the teachings herein.
Furthermore, no limitations are intended to the details of construction or design
herein shown, other than as described in the claims below. It is therefore evident
that the particular illustrative embodiments disclosed above may be altered,
combined, or modified and all such variations are considered within the scope and
spirit of the present invention. The invention illustratively disclosed herein suitably
may be practiced in the absence of any element that is not specifically disclosed
herein and/or any optional element disclosed herein. While compositions and

” \\

methods are described in terms of “comprising,” “containing,” or “including” various
components or steps, the compositions and methods can also “consist essentially
of” or “consist of” the various components and steps. All numbers and ranges

disclosed above may vary by some amount. Whenever a numerical range with a
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9. The seal ring back-up device of claim 1 wherein the annular body has an inner diameter from about 0.5
inches to about 20 inches. 10. The seal ring back-up device of claim 1 wherein the gland is machined
onto a piston or a bore. 11. A method comprising: providing a seal ring back-up device
comprising: an annular body having an inner diameter and an outer diameter; and making a scarf cut on

the annulgweedymi2ahbednethstef Iﬁhaifnuéla\f\!ﬁ&ﬂf@éathSrﬁﬁaﬁUﬁ%é? rapde MyWire lelgstor Aigeharge

machinin r casting. 13. The method of ¢claim 11 wherein the annular body comprises one material
selected %m%\é! 'Pgbfbﬁfb%ﬁ%%ﬁds PP sl YaA SRR S pIdBiRAEACHIALNSHSTY pBRARP Ak Iay,

ceramics(dhetraasets, epiesaisditaacarkirobtask’ m;bwlﬁb&r@wmnt)ﬁhm wmmbﬁmﬁ@cwoa tand any
combinatj r,lthereof 1? nTtr|1 thod of claim 1% Wher(?i t e nnu r od{ comgrgses at Iea t one
selected r‘on? the l#(')\'Japeco stln8 ofaggl p)ﬂenygr}/e sulfi e, po rylgt p%lylmlg Bolyltaconlc
acid, sulghoret phetioliey &I, rRIrPAr REK, REKIE, pot;mnwaﬁﬁdewmnmkétm@raayldematgte tifereof,

and any Q/%ml%iaati%sg",efﬂ%f'terms in the claims have their plain, ordinary meaning unless
otherwise explicitly and clearly defined by the patentee. Moreover, the indefinite
articles “a” or “an,” as used in the claims, are defined herein to mean one or more
than one of the element that it introduces. If there is any conflict in the usages of a
word or term in this specification and one or more patent or other documents that
may be incorporated herein by reference, the definitions that are consistent with

this specification should be adopted.
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15. The method of claim 11 further comprising: coating the annular body with a surface coating
comprising at least one selected from the group consisting of: a corrosio #%%)t corrasion resistant
material, a friction reducer, a wear reducer, a TFE, a ceramic, and any cE' [ éti@ﬁiﬁé%é%fﬁﬁé&&
method comprising: providing a seal ring back-up device comprising: an annular body having an
inner diameter and an outer diameter; providing @_alpeigmeric seal ring; making a scarf cut on the

annular hody; and . lacing the seal ring back-up device and a seal ring in a gland thereby
providing géﬁ?’ﬁ‘f‘ﬁ'%@aﬂﬂgrﬁfi)f%ation. 13
1.

A seal ring back-up device comprising:

an annular body having an inner diameter, an outer diameter, and a
scarf cut; and wherein the annular body is configured to fit a gland and engage a
seal.
2. The seal ring back-up device of claim 1 wherein at least one side of the
annular body is wedge shaped.
3. The seal ring back-up device of claim 1 wherein the annular body
comprises at one selected from the group consisting of: metal, alloy, plastic,
amorphous polymer, glass, clay, ceramic, thermoset, epoxy, silica, carbon black,
carbon fiber, nanoclay, nanotube, boron, and any combination thereof.
4, The seal ring back-up device of claim 1 wherein the annular body
comprises at least one selected from the group consisting of: polyphenylene sulfide,
polyaryletherketone, polyimide, polyitaconic acid, sulphone, phenolic, PBI, PI, PA,
PEK, PEKK, polymer of ether and ketone, any derivative thereof, and any
combination thereof.
5. The seal ring back-up device of claim 1 wherein the annular body
further comprises a surface coating comprising at least one selected from the group
consisting of: a corrosion inhibitor, a corrosion resistant material, a friction reducer,
a wear reducer, TFE, ceramic, and any combination thereof.
6. The seal ring back-up device of claim 1 wherein the annular body
comprises at least one surface contour shape from the group consisting of: flat,
convex, concave, angled, stepped at the outer diameter, chamfered at the outer
diameter, D-ring, Quad-ring, T-ring, V-ring, U-cup, and any combination thereof.
7. The seal ring back-up device of claim 1 wherein the scarf cut is an
angled cut extending from the inner diameter of the annular body to the outer
diameter of the annular body.
8. The seal ring back-up device of claim 1 wherein the scarf cut has a gap
of less than about .002-.010 inches.
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17. The method of claim 16 wherein the seal ring back-up device is bonded to the seal ring. 18. The

method of claim 16 wherein the gland is closed, open, or blind. 19. The Hgﬁ%g&ﬁ'ﬁﬁ{%%%%em the

seal ring back-up device prevents the elastomeric seal ring from deformi in the
gland. 20. The method of claim 16 wherein the sealing application is full differential or bore to annulus

differentigl, on well appligatieast difig back-up device of claim 1 wherein the annular body has

an inner diameter from about 0.5 inches to about 20 inches.
10. The seal ring back-up device of claim 1 wherein the gland is machined
onto a piston or a bore.
11. A method comprising:

providing a seal ring back-up device comprising: an annular body
having an inner diameter and an outer diameter; and

making a scarf cut on the annular body.
12. The method of claim 11 wherein the scarf cut is made by wire electron
discharge machining or casting.
13. The method of claim 11 wherein the annular body comprises one
material selected from the group consisting of: a metal, an alloy, a plastic, an
amorphous polymer, glass, clay, ceramics, thermosets, epoxies, silica, carbon
black, carbon fibers, nanoclay, nanotubes, boron, and any combination thereof.
14. The method of claim 11 wherein the annular body comprises at least
one selected from the group consisting of: polyphenylene sulfide,
polyaryletherketone, polyimide, polyitaconic acid, sulphone, phenolic, PBI, PI, PA,
PEK, PEKK, polymer of ether and ketone, any derivative thereof, and any
combination thereof.
15. The method of claim 11 further comprising:

coating the annular body with a surface coating comprising at least
one selected from the group consisting of: a corrosion inhibitor, a corrosion
resistant material, a friction reducer, a wear reducer, a TFE, a ceramic, and any
combination thereof.
16. A method comprising:

providing a seal ring back-up device comprising: an annular body
having an inner diameter and an outer diameter;

providing an elastomeric seal ring;

making a scarf cut on the annular body; and

placing the seal ring back-up device and a seal ring in a gland thereby
providing a seal in a sealing application.
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17. The method of claim 16 wherein the seal ring back-up device is
bonded to the seal ring.

18. The method of claim 16 wherein the gland is closed, open, or blind.
19. The method of claim 16 wherein the seal ring back-up device prevents
the elastomeric seal ring from deforming into an extrusion gap in the gland.

20. The method of claim 16 wherein the sealing application is full

differential or bore to annulus differential on well applications.
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