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TECHNICAL FIELD

speciiically o a pressure balanced seal ring and 2 segl cartridge unit for & confro!

o

7t
£,

BACKGROUND

A typical control valve has @ Hnear motion closure member commonty

Rt

reforred 1 a9 a plug {or piston), one or more ports, and a body typically distnpuished

15

by 2 globular shaped cavity around the port region. The body is the part of the valve

b,
e

which is the main pressure boundary, The body typically provides the pipe
connecting euds and the Hoid How passageway. In a control valve, the closure
member 18w movable part of the valve that is positioned in the flonw path o medify

3 . s &8 s Py ey '
the rate of How throuph the valve

cylindrical n nature, which moves |

s’

The plug closure member 18 a part, ofter

=

Bl

the Jow siream with loear motion to modity the flow rate. 16may or may not have g

-,
o

contoured portion o provide fow characterization. Bmay also be a evhindrical or
concaily taperad part. In other types of valves, the olosare member includes ball,
disk and gate

& How onifice in te How passageway (path) inferacts with the olosure

200 momber 1o cloge the valve. The orifice may be provided with a seating su
contacted by or closely fitted o the closwre member, to provide Hght shut-off or

e, L, Ao olose the valbve

Agage, guide or hner i typically a part n a control valve that generally
surrounds the dlosure member to provide alignment and facilitate assembly of other
38 parts of the valve ttin. The cage may akso provide Sow charasterization and/or o
seating surface. Control vabwe trim typically jucludes the internal parts of a valve
winich are in flowing contact with the controlled Suid, Examples o vabve trim are the

piug, seal rmg and cage. The body s not constdered part of the trim.
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engiue ovlinder, Becamne the cirawnterence of the seal ving is spliy, fludd

I8 =
S oney H

{iher prior ast high temperature seals may be formed of compressed Hexible

v

graphiie. This flexible graphite prior art seal results in g high shding friction, and a

5 ’i‘iig_‘am? of wear wakes 1t ensuiiable for automated positioning/throttling spplications

SUMMARY

3

I o mapect, @ acal cariridegs including 2 Sextble seal ring

prossure sealing capabilities in high temperature eoviromuments using o prossurs

10 balanced seal. The seal sccommedates the manufacturing tnlerances between the plug,

"

1 one as;asitei, a seal cartridge inchules a Hoxable seal ring dsposed in a seal

b
£
rmnd
£
2
s
o
"-M
,_‘1

seal ring welades a fivst front seabing fsee adapted for sealing
contsct with the outer surface of the plug, a rear face, at least one downwardly
15 disposed upper face, said fave baing disposed between the front face and the rear {soe,
at Teast ong downowardly disposed Tower face, and a second fron
apwardly between the downwardly disposed lower face and the

face, Seme seal cartridges also inclwde an upper relaining nng dis

the flexible seal ring. The upper retaining ring can wnclade af lea

o

20 disposed lower face disposed proximal to the dowmeardly disposed upper face of the

D)
floxible seal ring. The at least one upper face of the flexible seal ring can be adapted
to Bex away from the at least one downwardly disposed upper face of the uppey

2

retaining ring, sand the lower face of the flexible seal ring can be adapted to fex

dowrnward,

5

none aapect, 3 Texible seal ring engages an oater swrtace of the plug to form

EHE

o

25
a high temperature and high pressure seal between the outer surface of the plug and a

cage wall of the control valve, The Hexible scal ring may be disposed 1n g seal groove

{e.2., & seal groove iy the cage wall or a seal groove o the outer surf

20 oriented towards sn aperture of the seal groove, d rear face, at feaxt one downwardly
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P
§

disposed npper face, said fice being disposed betweer the front face and the rear face.
The seal sing may include an upper face disposed between front face and {ace. The
seal ring further includes at least one downwardly disposed ower faoe, and g second
sosling face disposed upwardly boetween the downwardly disposed fower face

e

5 and the first front sealing face. The al Teast one upper face of the flexible seal ring

can be adapled to Dex dowmward, the lower face of the flexible seal ring can be
adapted o Hex downward, and the second front sealing face of the flexible seal ving

-

cans be adapted to Hex toward the aperture of the seal groove, The seal cartridge may
molude oaly Hexible seal ving or may alicrnatively confain addiional sloments,
14 I one aspect, 8 Hoxible seal ring for seahing sy ovter surface of a plug o s
cage wall i controt vabve inclndes a first sealing face sdapted for sealing contast
with the outer surface of the plug, 8 rear face disposed opposite the first scaling face

o

with the resr faee axially offset relative to the first sealing face;

i Y i N avvaresbat i Phe Plavihie ol v 181 o
The design of the seal mamntaius the flexible seal ring i compression
i } LTS i'n ERITE f '{5 o3 ﬁ o v-.} f a gt pirar fey qu s1h v coyr\{': TN
Lv uj.ik.?hh\ psed v ihe manniacture of the Hexabie sei 32;::‘3 jlaie ué._,,ﬁ i\t‘x.\‘}‘,-.\(}v aie
teally hrittle but have high compression strengths with lowe
20 ‘hevefore, the flexible seal ring design of the present invention
maintains the Hexible seal ring i compression through the forsional twistiag {e.8.
torsional rotation of the scal ring sbout a cirownterential wiis of the seal ring} of the
seal ring whon it s prassure energized.
When aasembled, the seal cariridge can be disposed into a ring groove of g
25 eage wall and held in place by a locking ring. 1Owill be anderstood that, in other

embodiments, the seal catridge of the present invention may be disposed in a seal
the plug wstead of in @ seal groove on the cage wall, In some

embaodiments, an inner sweface of the sealing ring comprises the front sealing face,

Pe &
The front sealing face can be orjented towards the outer surface of the plag. In some

r
ZA

smbodinments, an outer surfsce of the sealing ring comprises the front sealing face.

The front sealing face can be ortented towards the faner wall of the cage.

g+
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1 simbodiments, the

and the second front sealy

%\} ) \( “‘3

wall of

i
o,
]
Ty
it
)4.4/
,/
”

ring 18 adapted to Hex toward the plug. In some cases;

3t thsposed 1o a recess in a portion

ring that i3 ¢ :gwmmi toward the plug. In some embodim
posed 1
seal ring is adap
x sel also ingludes
disposed in g recess in g portion of the

th e dt e e e pecs
toward the wall of the cage.

it some embodinments, seal rings alse include a lower surface

£ @ A

v face, the second 3

g

sealing

¥

a lowe

£

c¢ sich that an interior angle

¢ faces 1 grogter than 140 degrees and the lower §

i fhos fo the rowr face

The cartridge seal may firther include an v

adiagen

strangd carbon Sbers.

The vartridye seal may fusther imclude a Hiest low

jacent 1o the flexible seal ring. The lower retaining nin

upper faee disposed proximal to the downwardly dispos

- wheretsy said Iowver face of the Hexible seal v

r/

1";" 13 5 \§ N ¢ 3 PG
g Sin vigde ¢ {igast

upper Hp that contacts the a

The cartridge seal may, bul

\

disposed g recess 1o a porion v

ihle s

be made ofy polye

In some ombodiments, the flex

flevibie seal rin W an mclade {\:Au . th

araphite,

4]

cartridge seal 13 confignred to be disposed

5, the

8 seal groove m the outer surface of the

ast e opper face of the lewer reta E‘i}"'i‘}.g ring.

tone upwardly dispose

fthe fivst lower vetaming ring.

cal ring comprises g untlary gy

etal, and/or hard-taved metal {eg., 34758, 3
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o

1 face of the Hexible seal
cartnidge seal alse moludes

of the first lower refaining

ents, the carindge seal iy

» plug and the

tod to flex toward the wall of

a split ring sea

first lower refaining ning that s disposed

\utilf.j\ﬂi.‘ &
face exicm‘iing from i
between t

SO0

£ to the Hexible seal ring. The apper retaining ring can include braided long

ver retmning ring di

. kg FOE P
TE LA I fude: af Toast ¢

ed lower
ny adapied  flex

Ty Toovereay pyuad Sty e oY
E}}":} WY retdimng

{1s nob required, to include a splif ring seat eloment

b

5
"
mmm
et
&

eretherkotone {FE

-

1653, ele)



WO 2007/081640 PCT/US2006/062167

The details of one or more embodiments of the vvention are set forth inthe
acompanying deawings and the deseription below, Other features, obiests, and

sdvantages of the wmvention will be spparent from the description and drawings, and

DESCRIPTION OF DRAWINGS

93]

H

i

T iy g onss-sectional view of a prior st contrel valve,

FIGS. 2A and 2B are enlarged partial cross-sectional views of seals used in the

py

vadve of FIG

FIL 3

o
Py,

§ & cross-sectional view of a vontrol valve with the seal cartridge of the
10 present wvention
FHZ 415 on enlarged partial cross-sectional view of the seal cartridge, phag,
and cage of the valve of FIG 3.

1 8 is a further enlarged partial crose-sectional view of the seal cartridgs,

piug, and cage of the vabve of FIG 3

15 FICL 6 18 a partial perspective of the scal cartridyge, plug amt cage of the va
of Fig, 3
FIGR, 7A and 78 are, vespectively, a perspective and a pariial side view of'the
sl ring of the sead cartnidge of FIGS. S and 6,
FIG 8 s an enfarged partial cross-sectional view of the seal cartridge, plug,
20 and cage of another embodiment of o valve,
Like reforence symbolds m the various drawings wdicate hke eloments,
DETAILED DESCRIPTION
Reforring to FIG. 3, u control valve 100 inclades indet port 118 and outlet port
128, Plug 115 t5 movably disposed in cage T As used herely, the ferm “oage™ s
26 infended o encompass a cage, ner, guide, and the structural and fonctional

equivalents thereol, As used heren, the term “plug” is infended to encompass a plug
or pston and the structoral and functional equivalents. As used herein, the torm “geal

groove™ is intended fo encornpass a groove, recess, gland, and the structural and

&
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functional squdvalents. As used heredy, the term “floid™ includes gas, water, ofl,
particulate watter, and any combination thereotl

Reforring to FIG, 4, pressure balsnced seal cartridge 130 13 disposed between
phig 115 and cage 116, Floid travels through opersng 111 mopleg 115 and sp
5 openings 112 and exits the plug. Thig can somewhat balsnce the pressure present on
]

oppostte sides of plug 115 ,,m,i, thus, can reduce the swze of actuator required (o

operate the valve, Bt will be understood that the divectinn of Sow may be reversed in

.. 3
53‘
s
19
4
123
o
b
st
st
w
w0
<
')
.~
]

the valve 10, bt iF the fow ts reversed the seal cartridpe as deserib

PRy
q/‘

wstalled vpside down in order fur the Hinid pressure o energize the seal properly

15 and the wall of cage

Janst

mechavams by which the seal 1s enorgived to engage plag i

L]

{88 are dispussed in more detail below,

Referring to FIGE. 5, 6, TA, and 7B, the cariridge seal 13

surface of the plug 118 1o fovw a high tomperature and high prossure seal

outer surfsce of the plag 113 and the wall of the cage 116 i the vontrel valve 100

seal 130 inclodes 4 Hewble seal ring 131 dispos

A
o
e
1o
g
3
denrn
ot
L
i 3
f
=Y.
rsth
o
]
£
v}
“
b
=4
o
.
3
>
T
7

e
niact witn

sealing fuce 130 {o.g., oh an Inney ;

(1 2
w
fl
e
m
o
13»F‘-y
s’
P
K
Yoo
o
pe]
- '1'
'.J
..,..
s
—t
3
Fa
14
P
poevy
b
et
—
629
&
e
pis
jov

o~

the outer surface of the plug 118, a rear face 156 {e.g., on an outey side of the ring),

and at legst one downwardly disposed Sest upper face 154, saud face 154 being
20 disposed bebween the front face 150 and the rear face 1560 The sedd ring may also
inclnde a seeond upper face 152 disposed between front face 150 and fivat upper face
154, The seal ving 131 further includes at least one downwardly disposed kewer face
1SR, and o seormd front sealing face 160 disposed upwardly bebween the dewnwardly
disposed lower face 158 and the first ront sealing face 1500
25 Reforring to FIGS. 74 and 7B, seal ving can be a un

annuius in plane P abont a contral seal axis As. First front s

36 {e.g., front sealing face 15 s above plang

y below plane PY.

Axused beredn, “up” as used in reference 0 the seal ring indicates a diveclion

tas

s} x Y

3¢ from which energiing pressure is apphed to the seal ring and “down™ indicates an
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ppposis divection. Thus, as valves can be oriented at various angles, up and down

indicaie relative rather than absolute directions.

S el ¥ o kS X ey &) 1 by N (\ oy
E“wicfsmg again o FIGS. § and 6, the cartridge seal 138 may, but is not

flexibie seal z‘ing 131, The npper retaining ring includes at least one downwardly

disposad fower faoe 162 disposed proxamal o the downwardly disposed upper face
154 of the Soxible seal ring 131, The upper setaining tag 133 may melude a from
fuce 104 and & rear face 166 and ¢ lower face portion 168

The cartridge seal 130 may, but s not required to, further invlude & Hrst lower

retaming nng 133 disposed adjacent to the Hexible seal ning 131, The lower retainimg

ring 135 includes af least one upper face 170 disposed proximal to the downwardly

disposed fower faee 138 of the Soxible seal ring 131, The retaining ring 133 furthey

o ks

72 disposed toward the plug 115, The cartridge seal 130 may, butis

37¢
.

*, \ ‘w§ v;;m r3 e {} §~ reers proada 1 ¥ 3 ]L SIEAS i + ™ z Dge '\§
to inciude a second lower retainin H3 4] Tin E L3 PO, ] 3D rin 2 geal

£3¢

sed i rocesy 1401 ajpori'is;m of the first lower retaining ving 135,

1o}
o
/.J
Ly
ey
:..
%
P,
tos]
£
[
Jour
oo
C‘
P
=
3
Fon
.
)
o
1
T
e
::\
9
foryd
s
"‘23
‘-u-\-
7
&
%
<'+
{;

lower retaining ving 13
When sssemibled, the seal carinidge 13018 disposed into vng groove 138 of
cage wall 116 and held 1o place by a locking rimg 139, It will bo understond that,

sther embodiments, the seal cartnnidge 130 of the present invention may ba ¢

g seal proove on the plig insicad of i a seal groove on the cage wall, It will
andersiood that the present cartridge seal unit 130 may be used in any type of coniral
valve with a Unear moving plug. The cartridge seal’s use is not Hmited to the vabes
erhodiment iustrated m this specification

When i oporation, the pressure of the flud flowing through the valve resulls
in torsional rotation R of Hexible seal ning 131 about a cireumferential axis Ac. The

o

codnt of engagoment bebween the seal ring 131 and the plug 1i3 {eg., B0
& pasy NV

Yo
o

b : % . $ M 3 oot o o eeaer s T Cin oy S
and the point of engagoment between the seal ring 131 and the cage 118 {e.g., vom

facy 156) are unt hornzonisd relative to the frame of reference 1 which up and down

pe)
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the Hlustrated embodiment, contact of seal ring 131 with plug 115 and cage

Yrrit
it

»ux

116 gs shown cap provide an initial seal that can be effective forlow pressures. As
pressures are increased, the encrgizing pressure spplied o upper face 154 can cagse
rotation of the Wrsional rotation R of Hexible seal ring 131 about s circumieremial
axis and pivoting of the seal ring 131 about the jntersection between lower face 138
andd svcond sealing face 160, In some cases, as energlzing pressure Is applied to the
upper stde of the seal ring 131, the resulting compression can cause contact with the
plog 115 and Jor the cage 116 and can cause rotation of the seal ri:‘:g_ £31 o provide an
inferfurance 1t of the seal ving 131 with the plug 115 and the cage 116, The upper

ible sead ring 131 rotates away from the downwardly disposed

& upper retaining ring 133, and the fower face 158 of the flexibie

e

seal ring 131 rotates toward the upper Tace 170 of the lower retaining ving 135, The
. § 5 T H I
second front sealing face 160 contacts Hip 136 of the first lower retaining ring 135,

o

Fluid pressore on face 154 cavses the second sealing face 160 w0 move furward and
contact the plug 1S

I sunmse inatances, rolation of the seal ring 131 can accommodate gaps
between the plug 115 and the cage 116 duc 1o ongineering tolorances. In some
wstanees, the seal ring 131 can be a single conbinuous ring with an inner diamcler
sizad fo recanve the plag 113 and o engage plug when energizing pressure i3 apphied

in some cases, thik configuration can reduce the leaksue

b7 oo

associated with spid ring seals.

it 13 ymportant o understand that eartridge seal 130 may comprise the sagle

ES
Hexible seal ving 131 or may include both the seal ring 131 and refawning ring 133,

Alternatively, retatnmg ring 138 may be added to clements 131 and 133 10 form the

,.

e

tdge seal 130 may further inclnde spitl ring veal eloment

b

gariridgs séal 130, Thecart

=

The flexible seal ring 131 and split ving sead eloment 137 may be formed of
miterisl such as structurs! carbon praphite or polyetherctherketone {PEEKY or other

o ¥

maturial that preferably bas properties 1o maintain structoral infegrity and strength a

vrmms

high femperatures. The rings 135 and 139 may b made of steel and rotaining ring

13

!),}

3 may be formed from woven long strand braided carbon fibers, In somo instances,

g
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hrittle materials with the desived strength at high temperatares can be used (o form the

3

fexibio seal ving 131 becanse the mechanism used fo energize the seal can apply

e

compressive forees o the seal ving 131, In some cases, the compression of the seal

ving 131 between the plug 115 and the cage 116 can exceed the pressure differential
8 betwoen the nppor and lower sides of the segl ring 131
{A) between the first sealing surface 150 and apper sorfhoe 152 1

peneratly ahout B0 degrees, however, i may range from 80 1018, The angle batween

foces 132 and 134 {obtuse angle By s about 148 degrees. In some embodimants,

angle B can range from 118 1 170 degrees. The angle between facos 154 and 136
16 {angle O) s about 121 degrees. In some embodiments, angle C can range fom 1 in

o~

140 degrees. The angle between faces 156 and 155 ¢ amg}e 134 is aboy 102 degrees.

range from B0 1o 145 degrees. The angle between faeey |

15 about 155 degrees. Insome cwbodiments, angle F oan range from 140 1o 7

'/‘

ome embodiments, angle €

3 is approxamately 12 degrees. In

o

application of energising pressure

3 - )
20 io the seal ring 131

54

Cartridge seal 130 may be used in new valves designed expresaly for this seal

N X & A
areangement o may be used in existing control valve gm;m% aned used in Heu of other
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Nevertheless, it will be undersiood that various moditications may be made witheut
departing from the spirlt and scope of the wvention, For exampis, the sbove gngulay
dimensions are only intended to be representative of some embodinments of the

3¢ invention and are notintended to it the configurstion of the faces of the various
3

cloments of seal cantridge 130 o the embodiments discussed. Additionally, st wili be

i
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understood that the cortridge seal 130 of the present invention mgy be

(' v
i
5

seal gronve on the plag wnstead of in a seal groove on the cage wall, For example,
reforving to FIG &, cartridpe seal 230 van engage aiy outer surface of a plug 215 to

form a high temperature and fugh pressure seal between the outer surtace

i

& 213 anud the wall of g cage 216 30 a control valve., The cartridge sead 230 1w

floxibic seal ving 231 disposed in a scal groove 23¥ in the wall of plag 214,
floxible sonl ving 231 has a Hrst front seahng face 350 (e.g., 2 face on an outey 3k

the ring ) adapted for sealing contact with the inner surface of 16, arear

fave 286 {e.p., o faee on an nner side of the ring}, and at least one downwardly
10 disposed Srst upper face 254, said face 254 hemg disposed bobween the front fuce 250

dhsposed bebween fromt face 250 and ﬁs'st upper face 254, The seal ring 231 further

inchudes af least one downwardly disposed Iower face 238, and g second froni sealing

face 260 disposed upwardly between the downwardly disposed lower face 288 and the
5 first front sealing thee 2500 Cartridge seal 230 operates in a similar fashion to

cartritige seal 130 exeept that directions of rofation and pf

pling gre reversed relative

o those in c-;-,is*?.ridge seal 130, Accordingly, other embodiments are within the seaps
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WHAT IS CLAIMED [N

A Heble seal ring for sealing an ouvier surface of a plog o an inney
sarface of @ wall of @ cage i a control vabve, said flexible seal ring disposed 1 a seal

groove with an aperture, said Hexibie seal ring mcluding:

~» o :

y Frvor i ¥ s - 3 Ly it covivtaed The Seet Fren seespbrey gy o Fpes
a fivst front sealing face adapted for sealing contact, the Hrst fromt sealing face
orignted towards the aperture of the seal groove,

& vear face,

at feast one dowanwardly disposed upper face, said fee beng disposed

hetween the Hest Font sealing face and the rear face,

at least one downwardly disposed fower fiace, and

o~

a second front sealing face disposed upwardly between the downwardhy

N

disposed fower face and the Tirst front sealing tace;

wherein sald at least one upper face of the fexible seal ring e adapted to Hex

3

downward, said lower {ace of the flexibie scal ring is adapted to Hex dowmward, snd

e 3

satd second front sealing face ot the Hexible seal ring being adapted to Bex fowand the

L

aperture of the seal groove

P

The seal z‘i.ﬁg of claty 1 whevern the fropt sealing face iy ortemted

Sy
por
vl
vy
3
2
Ll
g2

ravardys the outer surface of

o
b

N

The seal ring of clatm 1 wherein the front sealing fave s ortented

a3

rowards the nner wall of the cape.

4, The seal ving of elaim | wherein the floxwrs of the flexible seal ring

comipises orsional rotation of the scal ring aboui & circunferential axis of the seul

ring.

& The seal ring of clanm 1 wheredn the flexible seal ting comprises
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. The seal ring of claim 1 wherein the flexible seal ring comprises

ey

7. The seal rivg of claim 1 wherein the Bexable seal ning comprises &

antiary ring

3. A seal cartridge for sealing an outer surtace of g plug t an i wall
of @ cage in v contred valve, the seal canridge comprising:

e send ring disposed in g seal groove, satd flexible sead ring wehuding:

st front sealing face adapted {or sealing contact with the outer

i

at least one downwardly disposed upper taee, said faoe bawng disposed

betwoen the Hrst front sealing face and the rear face,

s

at east one downwardly dizposed lower face, and
a second from sealing fuee disposed upwardly between the

2

downwardhy disposed lower face and the fivst tront sealing face;

t—a L3

an upper refaining ring disposed adjacent o the Hexible seal ving, said upper

retatning sing inclading:

at Ipast one downwardly disposed fower face disposed proximal o the

downwardly disposed upper face of the flexible seal ning;

faniel

wherein said at least one upper face of the Hexable seal ving bong adapted o

ey away fom the at least one downwardly disposed upper face of the upper
retaining ring, and said lower face of the flexible seal ring being adapied o flex

dowmaard.

8, The cartridge seal onit of claim 8 further invluding & lower retaining
ring disposed adjacent to the Sexible seal ring, said lower retaining ring including:

N

ab teast ong upper face dispesed proximal o the downwardly disposed lower
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wherstn said lowsr face of the Hexible seal ring being adapted v Hex toward

P Dot

i The cartridge seal of claim § wherein the lower retaining ring includes
& aupper iy that contacts the at least one upwardly disposed font face of the sealing

Hng,

{1, The cartridge seal of claim & wherein the Hexure of the flexible seal

ring compnsgs torsional rolation of the seal ring about a circumferential axis of the

e,
]
(9
o

o
o
ol
i
pat

et~

B

12, The cartridge seal of clatm @ wheretn the flexible seal ring comprises

polyetherethketone {(PEEK),

15 13, The cartridge seal of claim 9 wherein the flexi

Pof vlaim © wherein the upper retaining ving

Jax)

14, The cartridee ses

comprises bratded fong strand carbon fibers.

26
15, The cariridge seal unit of cdlaim 9 wherein the cartridge seal 18 contig
to be disposed v seal groove in the wall of the cage and wherem saild second Foat
seading fuoe of the Hexible seal ring is adapted to flox oward the plug.
25 16, The cartridge seal of elaim 13 further incloding a split ring seal

element disposed 1 8 recess in g portion of the 8rst lower retaining ring that is

disposed toward the plug.

{7, The cartridee scal wnit of cladny 9 wheretn the cartridge seal 1s configured

N

disposed 1 a sead groove in the outer swrface of the plog and wherein sad

o7
47
~
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3

second frout sealing face of the Hexible seal ring 15 adapted to flex toward the wall of

the cag

The cartridge seal of clain 17 further Including a sphit ning seal
clorment disposed I g recessin g porticn of the Brst lower retainang ring that is

disposed toward the wall of the cage

190 A flexibie seal ring for sealing an outer surface of a plug 1o a cage wall
i a control vabve, the Hexible seal ring including

~ s
¥

Hing face adapted for sealing contact with the onter surface of ¢

~
o>
5
ek
vy
’fx
>,.;

»41.

@ vear face daposed opposite the fivst sealing {ace, the rear face v axially

oifset relative fo the frout sealing face; and

an upper face disposed between the first sealing face and the rear face, the

upper face extending from the rear face towards the first sealing face such that an

interioy angle between the upper face and the rear face {5 greater than 11 degrees,

2 The seal ring of clatm 19, farther comprising a Tower surface wncluding
a second sealing face and a lower face, the second sealing face extending from the

first seating faoe 1o the lower face such that an interior angle between the first and

e Post

o

he

Lo,
et

second sealing faces 1s groater than 140 degrees and the fower face extending from

e

crgresired mos T ey Eosres 3y Sy veens £
second sealing face to the vear face,

at

21, Thoscal ring of claim 19, wherein an taner surface of the sealing ring
YR . the el we ¥ P
smprises the first sealing face,

33 The seal ring of claim 19, whereln an outer surface of the sealing ring

comprises to first soaling face.

The seal ring of claim 19, wherein the flexible seal rivg comprises

el
i
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The seal ring of claim 19, whorein the flexible seal ring comprives

Oy T R e RS T s
ol Ting comprises a
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FIG. 8
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