Seal Description 5Field of the Invention The present invention
relates to seals and sealing arrangenents, especially those used in
wi reline valves. 10Background to the Invention Seals prevent or
mtigate | eakage of one fluid into another. They may be sel ectively
applied i.e. a flow may be allowed until a certain condition is
reached and it is desirable for such fluid flowto be halted. 15 In a
wireline well intervention environnment, one application of such seals
and sealing arrangenents is wireline valves. Wreline val ves or
"WLVs" are backup val ves used on wel | bores when wireline is present
in the event of wireline based intervention in the wellbore. 20
Wl | bores frequently have highly fl anmable fluids at el evated
tenperatures and pressures within them In the event of a nechani cal
probl emon the wireline, such as stranded wire, the W.Vs may be

cl osed around the line to seal the well bore allow ng renedial work to
be 25perfornmed on the section of |ine bve the valve. Such wireline
val ves may have to seal a well for a prolonged period of tine,
typically nore than 12 hours, until such times as the wireline and
associ at ed equPgaemptiathn be repaired or replaced, the wellbore is

5 Field of the Invention

The present invention relates to seals and sealing arrangements,

especially those used in wireline valves.

10 Background to the Invention

Seals prevent or mitigate leakage of one fluid into another. They may be
selectively applied i.e. a flow may be allowed until a certain condition is
reached and it is desirable for such fluid flow to be halted.

15
In a wireline well intervention environment, one application of such seals
and sealing arrangements is wireline valves. Wireline valves or "WLVs"
are backup valves used on wellbores when wireline is present in the event
of wireline based intervention in the wellbore.

20
Wellbores frequently have highly flammable fluids at elevated
temperatures and pressures within them. In the event of a mechanical
problem on the wireline, such as stranded wire, the WLVs may be closed
around the line to seal the wellbore allowing remedial work to be

25 performed on the section of line above the valve.

Such wireline valves may have to seal a well for a prolonged period of
time, typically more than 12 hours, until such times as the wireline and
associated equipment can be repaired or replaced, the wellbore is

30 permanently sealed or some other intervention made.



30permanently seal ed or sone other intervention nmade. 2 There are
two general types of wireline valve ranms: the line sized and
shear/seal ramtypes. 5Line sized rans, be they nulti- or specific

| ine size configuration, enable the wireline valve to cl ose around
static cable when activated. The rams contain rubber el ements which,
when actuated by the hydraulic actuators, apply such rubber pressure
around the cable that an effective seal is created. Conbined with a
second set of rans, and standard viscous 10 grease injection into
the internmedi ate void, an effective well barrier is created through
the application of rubber pressure aroung the cable and grease
filling the internediate voids inside the cable. Shear/ Seal type
rans conbine a cutting elenment at the front of the rans 15with blind
seals to create an effective well barrier after the |line has been cut
and dr opped. Ram wi reline valves typically have two gate-|ike
menbers which, in a normal operating position, are positioned either

side of a cent makrebaeeel genc?fWyiedl oM@irslileveald chni) ahe aigk Wideldodndar e
forced together, to, prevent fluid flow. The seals of a wireline valve
may have to w Pﬁ%atr’é?ﬁﬁ’ 'PHeYRY%evat ed tenperatures and pressures of the
wel | bore fluid. 25Rubber or sone other elastoneric naterials are

often opt iéml iﬁ%léizne% rams, be they multi- or specific line size configuration, enable
the wireline valve to close arocund static cable when activated. The rams
contain rubber elements which, when actuated by the hydraulic actuators,
apply such rubber pressure around the cable that an effective seal is
created. Combined with a second set of rams, and standard viscous
10 grease injection into the intermediate void, an effective well barrier is

created through the application of rubber pressure around the cable and

grease filling the intermediate voids inside the cable.

Shear/Seal type rams combine a cutting element at the front of the rams
15 with blind seals fo create an effective well barrier after the line has been

cut and dropped.

Ram wireline valves typically have two gate-like members which, in a
normal operating position, are positioned either side of a central bore of a

20 wireline valve and upon actuation are forced together to prevent fluid flow.

The seals of a wireline valve may have to withstand the elevated

temperatures and pressures of the wellbore fluid.

25 Rubber or some other elastomeric materials are often optimal sealing
materials, as their resilience and imperviousness may produce good
sealing arrangements. However, they may not be best suited to the high
temperatures and pressures, and the seals may vield and flow and
eventually fail if subjected to such conditions for extended periods.
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materials, as their resilience and i npervi ousness nmay produce good
seal ing arrangenents. However, they may not be best suited to the
hi gh tenperatures and pressures, and the seals may yield and fl ow and
eventually fail if subjected to such conditions for extended peri ods.
3 The seals of either type will often be reinforced by attaching an
el astoneric material to a netal reinforcing plate, either on one
side, or nore typically, by sandwi ching the elastoneric materi al
between two netal plates. 5 Typically, the wireline valve will have a
wireline, rod or pipe suspended through it, and this wireline, rod or
pi pe may be attached to downhol e tools o nonitoring equipnent. The
wireline valve seals are usually adapted such that upon activation, a
tight seal is forned around these wirelines, 10rods or pipes but they
do not sever themnor is a good seal prevented by their presence. In

a wreline val ram t I aces of lates wl |
usual Iy incl udi_ﬁ?: '%rfgn?g%y B’ﬁg @I Qtﬁ%s?‘? |r8‘r[?£°cfc z¥| |ag$ Chitg 3
wireline 15 (felas@exipl mateisiCh 4 hidtalwWeiifortihg pHteveither pnesrentige, oS
activated, the chapnels formbares in the adjoin | at es hat
the vir ol ne s SoABRCaly TG 1 deTaRelT e Esa Pt b AT
initially havepmtgl anar mating seal side face and the elasticity of
the material allows it to be shaped around a wireline wthout
severing it. The steel plates, being rigid, 20require the channels to

be cut in themTopically, tfaeyweialtrieeWaE\m @illeindveaa gm@ﬁheseadj of @ipd sgpendetiy
damage/ sever t oneric i mmedi

surroundi ng t hi}wewq,hel |3H§?|H§§9”r8|éne roator pipe may {tag‘ued to down Igl‘tc%ts

or menitoring equipment. The wireline valve seals are usually adapted
such that upon activation, a tight seal is formed around these wirelines,
10 rods or pipes but they do not sever them nor is a good seal prevented by

their presence.

In a wireline valve ram, the mating seal faces of the metal plaies will
usually include complementary channels positioned parallel to the wireline
15 (for example) such that when the blowout preventer is activated, the
channels form bores in the adjoined metal plates that the wireline is
encased within. The elastomeric seal bodies will initially have a planar
mating seal side face and the elasticity of the material ailows it to be
shaped around a wireline without severing it. The steel plates, being rigid,
20 require the channels to be cut in them or it may either prevent a good seal

forming or may damage/sever the wireline.

The elastomeric material immediately surrounding the wireline may be
subject to the direct pressure and potentially elevated temperature from
25 the fluid in the wellbore i.e. the steel reinforcing plates may not wholly
cover that section of material. The elastomeric material may then be
prone to flow or quasi-liquefy about the wireline and thereby eventually

breaking the seal after sufficient exposure time.



subject to the direct pressure and potentially elevated tenperature
from25 the fluid in the wellbore i.e. the steel reinforcing plates
may not wholly cover that section of material. The el astoneric
material may then be prone to flow or quasi-I|iquefy about the
wireline and thereby eventually breaking the seal after sufficient
exposure time. 4 The wireline valve rans and associ ated i nner seals
are designed such that when sealing under well pressure conditions
the rans are energi sed by well pressure rather than hydraulic
actuators. The rams have an amount of running cl earance between the
actuator and ram body which enabl es the rans to nove independent of
the actuator, typically about 1/8" |inear novenent. Furthernore, the
i nner seals have a portion at the back where rubber protrudes beyond
the supporting plates in a backwards direction, ensuring that the
pressure face hetween ram body and inner seal is madg u ol |1y of
lbber . Thi s eABHMESIEE L A AR ae S P TG SHas 0 o LD everife

pr ess]yr e even iﬁneﬁ fsealmgeml | de@fwenlbﬁ?bﬁuré kondilicrssthe vamns tde eoafgised by
interface as the ramw continu ve to,.conpensate for |os

F Ubber vol une. WhhaEFRaPEEhPE MGRUlE ARl al & BB S NG of
rubber | oss w thitg di@sanef bawaen that sguatdyandRest bodyt whigh tehaisles ¢hss  of
rubber critical in the design of jnner seals. 15. S r .the

| nvention é\ccoﬁ:ﬂ’%é" % fr}dgg‘?”c{?&)é’?ﬁh%facfl%gorp%yé’écéﬁg%%ﬂéteﬂal JRther e
is provided a spakmedtTPuHSEri@ranheinast soaty havese pbrtibodythei Habk avhesal | ng
surface, a pluralit f 20 generall | anar_ i.nsert nmbedded wi t hin
the el astoneri &L%?&é?émgwaﬁs Qg}’%ﬁgeﬁ? %ﬁﬁgoﬁa%lpﬁ%s Ot ?’58 Warg%glr%cﬁfgphg

el ast oneri ¢ seahsurmyahdtahe gdicsparedscdiadtweenrdnh bog andainhéryseaf isgeadr al |y
pl anar inserts. The el.astoneric, seal bod be of .a

general |y cubotB&rNody of B‘I}Jgieﬂﬁ'ﬁ%’%ﬁ?&?ethagée“@@n%Pgrlelyv 'B?lﬁ{?énr rubbgt

will be under spasdutchakentimitie eeht of tubber fdvsioss nedrute salge rieedidsyas
wedge- shaped ohgfrisn}sha inserts havin | ar ge

of facial dinmets & Wi %Eﬁ%ﬁmn&%ﬁ 48 é:_ompensqatea fog(?@s?rrt%bley vl Th ho

inner seals can accommodate a certain amount of rubber loss without loss

of seal integrity. Restricting this loss of rubber critical in the design of inner

seals.
15
Summary of the Invention
According to a first aspect of the present invention there is provided a seal
comprising an elastomeric seal body with a sealing surface, a plurality of
20 generally planar inserts embedded within the elastomeric seal body
adjacent the sealing surface, and having elastomeric seal material
disposed between the plurality of generally planar inserts.
The elastomeric seal body may be of a generally cuboidal or toroidal
25 shape.

By “generally planar”, it will be understood that this definition also includes
generally wedge-shaped or prism-shaped inserts having a generally large
ratio of facial dimension to mean thickness.
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5 The generally planar inserts may be netallic, and may be copper

al l oys such as brass or alum nium bronze. The generally planar
inserts may have a slightly wedge shape, expanding 5 froma first

t hi ckness depl oyed i medi ately adj acent the sealing surface, to a
second thickness at the distal end thereof. The second thickness nmay
be less than twice the first thickness. The thickness of elastoneric
mat eri al di sposed between adjacent 10 generally planar inserts nmay be
equal to or |less than the second thickness of the generally planar
inserts, and may be equal to or less than the first thickness of the
general ly planar inserts. The thickness gay be equal to or less than
2mm and may be equal to or less than 1nm 15A plurality of the
general ly planar inserts nay be enbedded into the el astoneric seal
body in a generally fan-shaped orientation. They nmay be orientated
such that upon_contactjng, a substantiall bul ar shaped body.to be
seal ed around Eﬁ‘a ggﬂ%rakmgggah@ﬁ?é%gpg?q%%p ICofng Héaygtgeaf:o%ﬁ%éu%out
sai d subst ant i aldhyad rbsd aralshiapedbloagy, the plurality of generally
20pl anar inserts becone orientated such that they extend radially
fromthe substantially tubular shaped body. First edges of the
general |y pl ana@he igasatlysplahartihserfsimsyt have € kiigkdlg weelye beaex pasading. e.

they are t covere i.sometric terial. Third edges pf t he
gonoral Ly bl andbm f0t TUSFBET HEP STt ey ronl T aRer o, &R s
edges may al sotdesexogpasisidkiese at hbeysta read nivdrecioVikeadcdnd thisbmastsmay
material. In use, both firs doges and third edges may be covered by,
for exanple, a Ebﬁ%?‘&%ﬂﬁwéﬁ%lbeﬁ[f’gﬁ]'cﬂei%aped body to be seal ed and
reinforcing plates respectively.

The thickness of elastomeric material disposed between adjacent
10 generally planar inserts may be equal to or less than the second thickness
of the generally planar inserts, and may be equal to or less than the first
thickness of the generally planar inserts. The thickness may be equal to

or less than 2mm, and may be equal to or less than Tmm.

15 A plurality of the generally planar inserts may be embedded into the
elastomeric seal body in a generally fan-shaped orientation. They may be
orientated such that upon contacting a substantially tubular shaped body
to be sealed around and the subsequent deformation of the seal body
about said substantially tubular shaped body, the plurality of generally

20 planar inserts become orientated such that they extend radially from the
substantially tubular shaped body.

First edges of the generally planar inserts at the first thickness may be
exposed i.e. they are not covered by isometric material. Third edges of

25 the generally planar inserts, being perpendicularly adjacent the first edges
may also be exposed i.e. they are not covered by isometric material. In
use, both first edges and third edges may be covered by, for example, a
substantially tubular shaped body to be sealed and reinforcing plates
respectively.
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6 The seal body may have a first arrangenent of a plurality of
generally planar inserts adjacent the sealing surface and a first
surface of the seal body, the first surface being adjacent and
substantially perpendicular to the sealing surface, and a second
arrangenment of a plurality of generally 5 planar inserts adjacent the
seal ing surface and a second surface of the seal body, the second
surface al so being adjacent and substantially perpendicular to the
seal ing surface. The first and second surfaces nay be upper and | ower
surfaces of the seal body. 10There may be a discrete thickness of
seal body between the innernost extents of the first and second
arrangenents. Such extents may be defined by fourth edges of the
general ly planar reinforcing el enents, being the opposite edges to
the third edges. 15According to a second aspect of the present

invention therg is provjded w reline val ve inc¢luding, at. | east, one

seal accor di ngﬁ‘% Sfeﬁlebcfciyr Ty g@ﬁ%cﬁ j.ﬁ‘”sgéffa?%% ttocCB aaptum%ydo%g%réeé%llyof

t heI pa esent i ng@R4al ingertshadjecans th sadlidg dudadel awk atitst pugaEndicthe seal

including at | east on eal. accardi to the first. aspect. Brie

Descri ption of g?‘?s‘?’e ths ﬁ(fﬁ% r?ﬂgacéhﬁ%'ag r?@%cgnto?nqeﬁlébsﬁré@@'nBeﬁpﬁ(}%‘ﬁ‘fl?ro{? will

now be descri béw®, sdajinyeyrfafe, exdapeceoanbyangantdnt bE& glealidg of geitdnally
first

foll owi ng drawi hgs,. in which: Fig. 1.1is erspective vi ew of

enbodi mentd seaPPHRL BRAIMUREETS 7 retmeRebe Grohecsiecuirer 4Rt i on.

Fig. 2 is an exgdiodely, pes eechd \sarfudee\wisof béihg sbadendfanBi gubsigntialy
perpendicular to the sealing surface. The first and second surfaces may

be upper and lower surfaces of the seal body.

10 There may be a discrete thickness of seal body between the innermost
extents of the first and second arrangements. Such extents may be
defined by fourth edges of the generally planar reinforcing elements, being
the opposite edges to the third edges.

15 According to a second aspect of the present invention there is provided a

wireline valve including at least one seal according fo the first aspect.

According to a third aspect of the present invention there is provided a

blow-out preventer including at least one seal according to the first aspect.

20
Brief Description of The Drawings
Embodiments of the present invention will now be described, by way of
example only, with reference to the following drawings, in which:

25

Fig. 1 is a perspective view of a first embodiment seal according to

a first aspect of the present invention;

Fig. 2 is an exploded perspective view of the seal of Fig. 1,
30



Fig. 3 is a detail perspective viewof Fig. 2; Fig. 4 is a further
expl oded perspective view of the seal of Fig. 1; 5Fig. 5 is a detai
perspective viewof Fig. 4, Fig. 6 is a perspective view of two first
enbodi ment seals according to a first aspect of the present

i nvention; 10Fi g. 7a-7d are perspective detail views of the
deformati on nmechani smof the seal of Fig. 1; Fig. 8 is a perspective
vi ew of a second enbodi nent seal according to a first aspect of the
present invention; 15 Fig. 9 is an expl oded perspective view of the
seal of Fig. 8 Fig. 10 is a detail perspective view of Fig. 9;
20Fig. 11 is a further expl oded perspect;ve view of the seal of Fig.
8, Fig. 12 is a detail perspective view of Fig. 11;

Fig. 13 is a further exploded perspective view of the seal of Fig. 8;
25and

Fig. 3 is a detail perspective view of Fig. 2;
Fig. 4 is a further exploded perspective view of the seal of Fig. 1;
5 Fig. 5 is a detail perspective view of Fig. 4;

Fig. 6 is a perspective view of twoe first embodiment seals according

to a first aspect of the present invention;

10 Fig. 7a-7d are perspective detail views of the deformation

mechanism of the seal of Fig. 1;

Fig. 8 is a perspective view of a second embodiment seal according

fo a first aspect of the present invention;

15
Fig. 9 is an exploded perspective view of the seal of Fig. 8;
Fig. 10 is a detail perspective view of Fig. 9;
20 Fig. 11 is a further exploded perspective view of the seal of Fig. 8;
Fig. 12 is a detail perspective view of Fig. 11;
Fig. 13 is a further exploded perspective view of the seal of Fig. 8;
25 and

Fig. 14 is a perspective view of two second embodiment seals

according to a first aspect of the present invention.



8 Referring to the drawings and initially to Fig. 1, a seal 10 is
depicted conprising a seal body 12, an upper reinforcing steel plate
14 and a | ower reinforcing steel plate 16. The seal body 12 is forned
froman el astoneric substance, in this case rubber, and is sandw ched
bet ween the upper 5reinforcing steel plate 14 and the | ower
reinforcing steel plate 16. The seal body 12 is substantially a

rect angul ar cuboi d shape. An upper lip 18 extends fromits upper
surface 22, projecting fromthree of the four edges of the upper
surface 22. Alower lip 20 also extends fromthe | ower 10 surface 24,
again projecting fromthree of the four gdges of the | ower surface
24. The upper and |l ower |ips 18,20 define upper and | ower plate

housi ngs 26,28 into which the upper reinforcing steel plate 14 and
the lower reinforcing steel plate 16 are received. The lips 18, 20

provi de sealin urfaces over .t he at.e 4, L n_order t. ilitate
seal integri ty.g{e%”%go %feafj%aé'v"ﬁf’, _aL'EA ér}'téaﬁlygitPgés'yH‘i 8esrﬁgfégl 'g JF%@;édar e
substanti al |y ce@pdsigub aeal bddfi1esaén eplge rdidierdiiastesl pdte d4sindghibweangl e
and not perpendi.cul ar to upper_.a | ower syt .
116 These: edyarcesde e o 3Br e Hortithf B Ed el 4 Podbigre

18a, 20a of t hestubgtenckS ir2his 28sd hebiseabnd dxl pad@viblas! belseah thacpp8O.
The seal face 3Q_extends b n e er. . t he | ower
surface 24? befﬁgéﬁn%% el %qgﬁnéﬂ§'ﬁ%%@%”@%épﬁgﬁﬁf&gﬁr ace 22,24
whi ch do not have a lip 18,20 adjoined. 25The seal face 30 is

P e e L
22,24 are provildeskternpeirorarid ppeesurfaten2dr profegtig framg@mp&tmtogs_
T o 1 "Bk BRETBRS e A SR 3Fo BBMAY e Gler
enbedded 10 surface 24, again projecting from three of the four edges of the lower
surface 24. The upper and lower lips 18,20 define upper and lower plate
housings 26,28 into which the upper reinforcing steel plate 14 and the
lower reinforcing steel plate 16 are received. The lips 18,20 provide
sealing surfaces over the plates 14,16 in order to facilitaie seal integrity.
15
The plates 14,16 are largely identical. They are substantially rectangular.
A first edge 14a,16a is at a slight angle and not perpendicular to upper
and lower surfaces of the plates 14,16. These edges 14a,16a abut
correspondingly angled surfaces 18a,20a of the lips 18,20.
20
The seal body 12 has a seal face 30. The seal face 30 extends between
the upper surface 22 and the lower surface 24, between the edges of the

upper and lower surface 22,24 which do not have a lip 18,20 adjoined.

25 The seal face 30 is substantially planar. At an approximate mid-point of
the greater dimension of the seal face 30, adjacent the upper and lower
surfaces 22,24 are provided upper and lower reinforcing arrangements
34,36. The reinforcing arrangements 34,36 each comprise a plurality of

substantially planar but slightly wedge-shaped brass inserts 32 embedded



within the seal body 12. As well as brass, other suitable alloys may
be enpl oyed, such as al um ni um bronze. The brass inserts 32 have a
high ratio of Iength and width to thickness i.e. 5 they are
relatively thin planar inserts. They are also slightly wedge shaped
i.e. they expand froma first thickness Ti of about 0.5mmto a second
t hi ckness T2 of about 2.0mm The brass inserts 32, although enbedded,
are al so exposed along two adj acent edges: a first edge 32a (which
has a uniformthickness of the first thickness Ti) and a second edge
32b (which 10 expands fromfirst thickness Tl to second thickness
T2). The first edge 32a is exposed on thg seal face 30, and the
second edge 32b is exposed on either the upper surface 22 or the

| ower surface 24, depending on whether the insert belongs to the
upper reinforcing arrangenent 34 or the |ower reinforcing arrangenent
36 respectively., .15 Between jagent brass inserts. a.relativel
thin | ayer of i“&%\'ﬁ%%&?%‘%@%mg? i%8|lr1a§t Pral© ri“asr Scﬁ“%%Ssa 183.’8 %ﬁ’y\s{)el ;yer
i s about 1mm i emplyed rsesis as alubenitmtdherze. i s sonme variation in the
exact thickness, due to the inserts 32 being wedge shaped and the

def ormati on nmechani sm descri bed bel ow. 20 The brass inserts 32 are

di sposed i n a JeaermsklinsettaR2daap ecdig radiooétength, arainddibnioghithress sede of

the plurality gf brass_ .nserts, 32 in ea f_th I r

o nforcir ar Pangbin i DatA a0 Thel ok 480 HRARY A48 S8, o
i nserts 38 areisl ihghtdxpaat frbm &-fsdtapiebnassels dhalyout dnmimsie a skcorsit

pl ate section 38a adj Qi n a n | ess e

second pl ate sg}'ﬁ |r]85r"1é 2%8{:\%% zgjgnc'ﬁ'n?h%lbé SZS Eg%%%ﬁozg%ggﬁghsﬁ%%@te 8‘t he
sane | engt h asatw aiss exprsed pngd8wo adhcemiedges: s fipt adge Sadmheh H38la

having a shorter.. | th. The.loin be LLst i ctd.0 a and
second pl ate s%l{qr"gﬁg“}g 7o OS t%@ﬁ%ﬁf%ﬁ%%%ﬁ] af\ ﬁg ﬁ%ﬁﬁ'ﬁacfe@%g%é.b Qﬁhzcr%e i's
al so a i nWar dl gxmands dobne fitst thicknesd 01 éd gec@Bicthamknesst &).edleoiivar edge he

centre of the r i af Qrgi r 4, 3
t herefore the gg%%o?l%ﬁg?éegxr:ﬁ?- srf)e%‘ll %0803%’ P ﬂ%ﬁ%r%gg g@@é%%%osgsoe%pgégbt he
seal face 30. Wdhesithar thecupmar sivape 22na thei leweasiidaceol4.t depeedidgiarsert s

38 including t u%eﬁ'liezﬁ‘\eaiﬂger[ Eélgljid.svtg tﬁggbﬁerqginforcing arrangement 34 or the

lower reinforcing arrangement 36 respectively.

15
Between adjacent brass inserts 32 a relatively thin layer of seal body 12
isometric material is disposed. This layer is about 1mm in thickness, albeit
there is some variation in the exact thickness, due to the inserts 32 being
wedge shaped and the deformation mechanism described below.

20
The brass inseris 32 are disposed in a generally fan-shaped orientation,
and on either side of the plurality of brass inserts 32 in each of the upper

and lower reinforcing arrangements 34,36 are provided end inserts 38.

25 The end inserts 38 are slightly acute L-shapes i.e. they comprise a first
plate section 38a adjoined at an angle less than 90 degrees to a second
plate section 38b. The second plate section 38b is about the same length
as brass inserts 38, and the first plate section 38b having a shorter length.
The join between first plate section 38a and second plate sections 38b is

30 chamfered on the inner edge. There is also a inwardly curved exterior



5 first plate section 38 and second plate section 38b may be

di fferent depending on the operating paraneters including the
wireline size. The end inserts 38 are orientated such that both first
pl ate section 38a and second plate sections 38b project away fromthe
centres of the upper and | ower reinforcing arrangenents 34,36 and
therefore the approximate m d- 10point of the greater dinension of
the seal face 30. Turning to Figs. 7a-7d, a sequence show ng the

def ormati on nechani sm of the upper reinforcing arrangenent 34 is
depicted. Fig. 7d shows the initial condition and how the inserts
32,38 are initially orientated within t 15 seal body 12. It wll
be noted that they are orientated in a general fan shape, but are not
yet in contact with the tubul ar nenber M suspended between two seal s
10. Fig. 7a and 7b depict the reinforcing arrangenent 34 when fully
closed in 20 the senc t ubul ar r M In S ca he
seal is requir &8s PLTHL t?q1toa\136(1!f'§ %8 ?agﬁggﬁ‘ea%eﬁﬁ%é@ H%'P8 8

arr angenent 34anr§ngeefwwtsrad 360 afhid| hgrede® othen Bipprokiomée ofifi- ptohfb ofi treul ar
| i ne-sized cut _in g r ei_nfor

| i,n I 2. .The bber
between & he. br SEGEIETEPR o0 e BoC 1 P8 nole PAENER AR v Ehnd i n
full conpli ancendmtéth)nt cbfethb&mw insdIt3eds incdnethe tdve arkbrefaive ragiglel afn
shape arr nt i 1t ai_ned. , The t] seal i face, of rass
inserts 3 for ¥6PI3§% Sl §'?1da|5‘88°r}%§8f8‘?%33&[0\5\]h?%1 rﬁ%dgg dE& Sm{)I on
pressure is fi Bé;ﬁe:degtdsn bmdgpqruﬁr@eparémetdrmgxcmdmg%euwieliné glze SEe
agai nst a corres ondln second nd, 0pposi e
val ve (not shoﬁﬂé) Sefy %:eng Bﬁhg"a?%f)ﬁ' fa é%edg%cgks)mafsgnéﬁ t he
presence of a Ee&mmb@aténatt@hsI%bMJeatam&uﬁmnﬂl‘ectebtww\eﬁhenmersa}w s
10, which may be any sSize up to an .31 ze
made possi bl e e{ﬁén‘%’[ﬁfﬂq A a'lﬁerqengeé‘gﬁ%t%gd :ﬂ% ‘%ftf'}u% t%g E%g]r?llaétg%ér
rei nforci ny pl atiesofliRe gméte:kzﬁuramklorﬁof\iﬁm sdal f/aicbl30usual I y be a netal. A
reaction force F acts against the mating face 34a forcing it to

def orm around the tubular nenber M The mating face 34a will deform
into a semn cir Quindng whigipe, 7aved, chsergehbe sktwipe thod défhenativbuheshansnber

(lz/lon'g- 21[] eW:‘ ![ LSE R g%egppse%e}ei%roréipgea!’rgﬁgeerrrge%t %% igra%pic{édnelt-’ia.l _73 %hg@é "f“e
initial condition and how the inserts 32,38 are initially orientated within the

15 seal body 12. It will be noted that they are orientated in a general fan

shape, but are not yet in contact with the tubular member M suspended

between two seals 10.

Fig. 7a and 7b depict the reinforcing arrangement 34 when fully closed in

20 the absence of a tubular member M. In this case the seal is required to
close in a blind fashion and the reinforcing arrangement 34 is required 1o
fully deform to close off the circular line-sized cut in the reinforcing plates
14 and 12. The rubber between the brass inserts 32 allows them to move
independently and in full compliance with the body rubber, however the

25 general fan shape arrangement is maintained. The mating sealing face of
the brass inserts 32 forms a concertina shaped face 34a, which under
actuation pressure is filled with body rubber forming a pressure tight seal
against a corresponding second and opposing seal 10 in a wireline valve
{not shown).

30



tubul ar nenber M Moreover, the inwardly curved exterior edge 38c

al so abuts the tubular nmenber Min netal-to-nmetal contact. The
inserts 32, 38 forma |arger and nore regular fan-shape in this
orientation. 15Fig. 5 depicts the flow of the elastoneric nateri al
(rubber) fromthe seal body 12 is restricted in this orientation. A
tendency for the rubber to flow fromthe seal body radially outwardly
of the upper and | ower reinforcing arrangenents 34,36 towards them
causes the inserts 32,38 to be forced towards the tubular menber M
mai ntaining a good seal. It will be noted 20 that the slight wedge
shape of the inserts 32 mtigates any tendency for themto shear out
of enbednent wthin the rubber, and also for the rubber to fl ow out
between the inserts 32,38. The relatively |arge contact area between
the rubber and the side faces of 25 the inserts 32, 38 mtigates
this shear as | ff.ec ki . ' y. |

ef fect may ai d\ef%h Tr‘r‘?‘i A'FOQ\'g ifthnegtmrlgb%%rlé(fnggd["%g}@?@émc%rg%ﬁk?%%r?mfg?(lg%re
spaces bet weenmienser i\ tH@2 i3 8uspet@edRbbiveen ftivowehisoM, yétickemay thseanypper
and | ower reinfgQrcin : i .

menber Mis al é'gé %pt ?Jggé%%‘w]gh%p%één}%@g@%éa& %ﬂgﬁ% }?F%ﬁlgt}%@pﬁe
upper and | owecutiieg of imedialg indhe apgareadtiev84eiBdrciad hiatgs| 1Rtars a6 on
t he second. edges. e 1, Ci n rned in
t hem Thegse se%ﬁgﬁgﬁlg&" ﬁ)\aénangqeegal'lf‘c%%@c;na@g&f%%h%aggéﬁs%ﬁ% I%QMEB
approxi mat e m thuei Ja fofcirtghié tes defornal asalydsthd 4dhulsBbnerabet Mr el Heowvatingd

Cubul ar menber Ve T2 W PEERA e ARAERERrndde. bOia rbHRE L AL,

10 I'ittl e resi kibeleceendred Mhence the sem circul ar channel s 14c, 16¢
will need to be of equal or slightly |arger dianmeter than tubular
menber Mto mtigate damage bei ng caused to the tubular nmenber M when
the seal 18 foifbedrst rtgescdtat efdbe isetts B2 arsinandtblonoogtalsiontast vidh theTher e

may therefore %%g Y f i [Cl 36
over the steel p ugatréj'sé ) f@ g’%}h@o%gett?léeﬁwgw)f gLr"g?%gR%r r an%e?esﬁta:sﬁs%m, 36
not bei ng proviebetd the tubuladdienitend inrre¢taklorroelaesontast. Thekseds Bhid

overl aps. The i f s i.n r &Eﬂaﬁ' 4,36 mtigates
t he presence o%%%@@é@é&&é%@%ﬁ%ﬁ%@%d‘ency 0 rla ber to be
forced outwardly fromthe seal body 12 between the overlap and the

tubular megber M AfediRY 1Rkl OF HePQhstbMeRE e (ruBPYF Hol B seal

body 12 is restricted in this orientation. A tendency for the rubber to flow
from the seal body radially outwardly of the upper and lower reinforcing
arrangements 34,36 towards them, causes the inserts 32,38 to be forced
towards the tubular member M maintaining a good seal. It will be noted

20 that the slight wedge shape of the inserts 32 mitigates any tendency for
them to shear out of embedment within the rubber, and also for the rubber
o flow out between the inserts 32,38.

The relatively large contact area between the rubber and the side faces of
25 the inserts 32, 38 mitigates this shear as well. An effect akin to
aerodynamic boundary layer effect may aid in mitigating rubber flowing

from the intermediate spaces between inseris 32,38.



The wedge shaped nature of the inserts 32 also restricts rubber |oss
t hrough the circular cut out in the reinforcing steel plates 12 and
14. Wen the seal is required to close blind as in figures 7a and 7b,
the inserts 32 25 are required to nove relatively |arge di stances
towards the centre. In doing so, they will expose an increasing
extrusion gap to the cut out through which rubber |oss can occur
rapidly, this occurs over the back end of the inserts. The wedge
shape of the inserts 32 ensures that the rate of increase of area is
kept to a mninumas the inserts 32 nove inwardly to 30create a seal
13 The reinforcing plates 12 and 14 havegorel ease agent applied
locally in the area imedi ately adjacent to, and in contact with, the
inserts 32 to ensure that the inserts are free to nove with the body
rubber and are not 5 restricted by being bonded to the reinforcing

pl ates. The frgedomfor ' r VAL
rei nforcing pl gf" g%erfgwafﬁd‘n %ﬁ?l["{?e:e%ctb?tuﬁéglt Qqég}r%\{vt%ﬁée%%%cin |%¢1&§% Fﬁ[% Htes
seal . A secdhds erddi thehe tubeikr niddbdrdV dhelan mitigated by e prpsence

e R A e e i L S
apart from as described bel ow.

5 The plates 14,16 on the second edges 14b,16b have semicircular
channels 14c,16¢ formed in them. These semicircular channels 14c,16¢
are formed at the approximate midpoint of the second edges 14b,16b, and
are located both adjacent the reinforcing arrangements 34,36 and, in use,
the tubular member M. It will be appreciated that the plates 14,16 have

10 little resilience, and hence the semicircular channels 14c¢,16¢ will need to
be of equal or slightly larger diameter than tubular member M to mitigate
damage being caused to the tubular member M when the seal is forced
into contact with it in a blowout situation. There may therefore be a slight
overlap of reinforcing arrangements 34,36 over the steel plates 14,16 and

15 the reinforcing arrangements 34,36 not being provided with additional
reinforcement at these slight overlaps. The design of the reinforcing
arrangements 34,36 mitigates the presence of these overlaps and the
tendency of rubber to be forced outwardly from the seal body 12 between
the overlap and the tubular member M, as may be prevalent in prior art

20 designs.

The wedge shaped nature of the inserts 32 also restricts rubber loss
through the circular cut out in the reinforcing steel plates 12 and 14. When
the seal is required to close blind as in figures 7a and 7b, the inserts 32
25 are required to move relatively large distances towards the centre. In
doing so, they will expose an increasing extrusion gap to the cut out
through which rubber loss can occur rapidly, this occurs over the back end
of the inserts. The wedge shape of the inserts 32 ensures that the rate of
increase of area is kept to a minimum as the inserts 32 move inwardly to

30 create a seal.



The main difference between first and second enbodi ments is the
specific design of the reinforcing arrangenents. 15 In the second
enbodi nent, upper and | ower reinforcing arrangenents 134, 136 conpri se
a plurality of brass inserts 132. They are simlarly planar, but are
not wedge-shaped, they are nore regular plates. 20The seal body 112
has upper and | ower notches 133,137 fornmed in it; upper notch 133 is
adj acent the seal face 130 and the upper surface 122; whereas | ower
notch 137 is adjacent the seal face 130 and the | ower surface 124.
The notches 133, 137 have a ribbed rear surface 133a, 137a i.e. the
surface that is in a plane substantiallygparallel to the plane of the
25seal face 130. The ri bbing corresponds in dinension to the

t hi ckness of the brass inserts 132. The plurality of brass
inserts 132 are | ayered in between wedge shaped rubber inserts 138,
such that the planer brass inserts 132 are arranged in 30a fan-shape.
At either side of this arrangenment are provided triangular 14 prism
shaped i nsert s Thg&infowfricchlateapgarandd 4shaystragasapysnt @eptiasigealsin #1¢boi d

shape to the apfs %ﬂ%@l}?@elgéﬁ@g@%’t%thurlﬁ%ﬁtéctﬁﬁ% HeinSartsiy oyeHsE?r%ger

t han the rubber S provi cooperati ng ri bbing
surface which #wbpee dnssstswinen free ti@efaiOY%aYlthsthef heds rutbes arg7are BoiThe

operati on d%nd et L, BQ'”QE)% h%fre ﬁc,ﬁgﬁe gmgque@smfor the

| argely identical to t st e cri bed above.
Modi fi cati ons insert$ ﬁ%ﬁmm@ﬁ%fﬁ@w@éﬁ thﬁefemélng@lﬁt%1%ﬁiﬂfbéi‘i’r iresittisalier ei n
10bef ore descr phed WohReWe departing fromthe scope of the invention.

A second embodiment seal 100 is shown in Figs. 8-14. Elements identical
10 or largely similar to those described in the first embodiment are numbered

similarly, albeit prefixed with a “1”, apart from as described below.

The main difference between first and second embodiments is the specific
design of the reinforcing arrangements.

15
In the second embodiment, upper and lower reinforcing arrangements
134,136 comprise a plurality of brass inserts 132. They are similarly

planar, but are not wedge-shaped, they are more regular plates.

20 The seal body 112 has upper and lower notches 133,137 formed in it;
upper notch 133 is adjacent the seal face 130 and the upper surface 122;
whereas lower notch 137 is adjacent the seal face 130 and the lower
surface 124. The notches 133, 137 have a ribbed rear surface 133a, 137a
i.e. the surface that is in a plane substantially parallel to the plane of the

25 seal face 130. The ribbing corresponds in dimension to the thickness of
the brass inserts 132.

The plurality of brass inserts 132 are layered in between wedge shaped
rubber inserts 138, such that the planer brass inserts 132 are arranged in

30 a fan-shape. At either side of this arrangement are provided triangular



Clains 1. A seal conprising an elastonmeric seal body with a sealing
surface, a 5 plurality of generally planar inserts enbedded within
the el astoneric seal body adjacent the sealing surface, and having

el astoneric seal material disposed between the plurality of generally
pl anar inserts. 2. A seal according to claim1l wherein the generally
pl anar inserts are 10netallic. 3. A seal according to clainms 1 or 2
wherein the generally planar inserts are selected fromthe group
consi sting of copper alloys, brass and al um ni um bronze. 15 4. A
seal according to any preceding claimwherein the generally planar
inserts have a slightly wedge shape, expanding froma first thickness
depl oyed i medi ately adj acent the sealing surface, to a second

t hi ckness at the distal end thereof. 20 5. A seal according to claim
4 wherein the second thickness is less than twice the first

t hi ckness. -6kness
of el astoneri CAE%ﬁnnberl aﬁgegissn%gée ﬁ%@ﬁ\/\%@%% Sg%ﬁgﬁﬁ %Ig{r%gbm% %wgﬂ;nar
inserts is equahageotoghe lagesgarhem. tThe tS@EtSdn%BrtSh‘I Fkaressigluly lohger than

generally pl angfe i'd?)ﬁgxr frRerts 138,138a, thus provide a cooperating ribbing surface
which cooperates with ribbed rear surfaces 133a,137a.

The operation and deformation mechanism of the second embodiment is

largely identical to that of the first embodiment described above.

Maodifications and improvements can be made to the embodiments herein

10 before described without departing from the scope of the invention.



7. A seal according to any of clainms 4, 5 or 6 wherein the thickness
of elastoneric material disposed between adj acent generally planar
inserts is 30equal to or less than the first thickness of the
generally planar inserts. 16 8. A seal according to any preceding
claimwherein the plurality of the generally planar inserts are
enbedded into the el astoneric seal body in a generally fan-shaped
orientation. 59. A seal according to amy preceding claimwherein first
edges of the generally planar inserts at the first thickness are
exposed. 10. A seal according to any preceding claimwherein
third edges of the generally planar inserts, being perpendicularly
adj acent the first edges. 10 11. A seal according to any precedi ng
cl ai mwherein the seal body has a first arrangenent of a plurality of
general |y pleadiais 1 nserts adj acent the sealing surface and a first
surface of the seal body, the first surface being adjacent and
substantially perpendicular to the sealing surface, and a second 15

arrangenent 10f aa ksl &ngriingf argeastoaleliy sphiaayy winsesksingdduazeata t he
sealing surface and a se on? surface of the seal ngg he second
surf ace %l s@URih QT S8NeebnPlRIRE NSEHS 1SRRG PPYM%@T [EEIAmEC 354 he

seal i ng surbage.adjacentlthe begivgl siareor dhdhavingclastomiiic \Wear eiatertaher e

is a discrete thickness of 20seal _body between the innernpst extents
of the firstSRABPERIERE gprpiﬁalg%m@e}/alligﬁangrws%q.i ne val ve incl udi ng

at | east one seal according to any preceding claim
2. A seal according to claim 1 wherein the generally planar inserts are

10 metallic.

3. A seal according to claims 1 or 2 wherein the generaily planar inserts
are selected from the group consisting of copper alloys, brass and aluminium
bronze.

15
4. A seal according to any preceding claim wherein the generally planar
inserts have a slightly wedge shape, expanding from a first thickness
deployed immediately adjacent the sealing surface, to a second thickness at
the distal end thereof.

20
5. A seal according to ¢laim 4 wherein the second thickness is less than

twice the first thickness.

6. A seal according to claims 4 or 5 wherein the thickness of elastomeric
25 material disposed between adjacent generally planar inserts is equal to or

less than the second thickness of the generally planar inserts.

7. A seal according to any of claims 4, 5 or 68 wherein the thickness of
elastomeric material disposed between adjacent generally planar inserts is

30 equal to or less than the first thickness of the generally planar inserts.



25 14. A blowout preventer including at | east one seal according to
any of claims 1 to 13.

16

8. A seal according to any preceding claim wherein the plurality of the
generally planar inserts are embedded into the elastomeric seal body in a

generally fan-shaped orientation.

5 8. A seal according to any preceding claim wherein first edges of the

generally planar inserts at the first thickness are exposed.

10. A seal according to any preceding claim wherein third edges of the
generally planar inserts, being perpendicularly adjacent the first edges.
10
11. A seal according to any preceding claim wherein the seal body has a
first arrangement of a plurality of generally planar inserts adjacent the sealing
surface and a first surface of the seal body, the first surface being adjacent
and substantially perpendicular fo the sealing surface, and a second
15 arrangement of a plurality of generally planar inserts adjacent the sealing
surface and a second surface of the seal body, the second surface also being

adjacent and substantially perpendicular to the sealing surface.

12. A seal according to claim 11 wherein there is a discrete thickness of
20 seal body between the innermost extents of the first and second

arrangements.

13. A wireline valve including at least one seal according to any preceding
claim.

25
14. A blow-out preventer including at least one seal according to any of
claims 110 13.



