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This invention relates to valves for industrial applica- 5 tions, and
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15 configuration is the ball wvalve which has a rotating ball
within a housing. The ball is actuated by a valve stem which

is engaged with the ball. When the valve is closed, the ball
blocks flow of fluid through the valve, and when the valve is
open, a port through the ball is aligned with the inlet and

20 outlet ports of the housing. A major advantage of ball valves
is that they have substantially no restrictions therethrough

and do not cause any significant pressure drop through the

valve which can impede fluid flow.

Standards have been developéd for industrial application

25 valves by standards organizations, such as the American
Petroleum Institute (API). These standards provide specifi-
cations for both design, materials and performance' criteria,
depending upon the application. It is partioularly important

in applications handling toxic or flammable fluids that these
30 fluids are not released to the atmosphere in the event of fire
or other catast’rophe.' To this end, a variety of .sealing
arrangements have been employed. A problem with such previous
designs is that they use iarge ' radial graphite seals which
need continual attention and ma:l.ntenance to J.nsure that they

35 function when needed. Relatively high constant loading of
- such seals is necessary to overcome the potential of leakage _

to the atmosphere. Such high loads necessary to maintain the
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15 SUMMARY OF THE INVENTION .

The valve of the present invention is designed with a
fire-resistant seal for use in industrial applications where
high heat conditions may exist and where maintaining the
sealing of the fluid in the valve is critical under such

20 conditions. The valve apparatus of the present invention
comprises a body defining a pair of ports therein, a stem
rotatably disposed in the body, a valve element engaged with
the stem and movable in said body by rotation of the stem
between an open position in which the ports in the body are

25 in fluid communication and a closed position in which f£luid
communication between the ports is prevented, and a sealing
apparatus for sealing the rotatable stem in the body both when
in normal operation-and when the valve is subjected to fire
or other extreme heat conditions. '

30 The sealing apparatus comprises a primary sealing means
for sealing between the stem and the body during normal
conditions, a thrust bearing disposed between the stem and
body and adapted for absorbing thrust ioading on the stem, and
a fire-resistant seal diSposable between the stem and body and

35 . adapted for sealing between the stem and body if the thrust.
bearing is substantially damaged by heat. In the preferred
embodiment, - the body has a body bearing surface thereon, and -



bet weert an open position in which the ports in the body are 25 in fluid
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15 and fits therein. _

The thrust bearing is preferably made of a non-metallic,
resilient material. For example, but not by way of limita-
tion, the resilient material may be reinforced polytetrafluor-
ethylene (PTFE).

20 The fire-resistant seal is preferably made of a heat-
resistant material such that, if the thrust bearing is damaged
by heat applied thereto, the fire-resistant seal will
sealingly engage both of the body and stem bearing surfaces.
A preferred heat-resistant material, but not by way of

25 limitation, for the fire-resistant seal is graphite.

The space between the body bearing surface and stem
bearing surface is substantially annular, and the thrust
bearing and firé—resistant_ seal are initially disposed

. therein. A cavity is defined in the valve body adjacent to

30 the body bearing surface and the fire-resistant seal. The
cavity is formed by a chamfered surface extend:.ng from the
body bearing surface. When sufficient heat is applied to the
valve to damage the resilient material of the thrust bearing,
the thrust loading on the valve stem caused by fluid pressure

.35 in the body will move the body and. stem bearing surfaces
together, and the material of the thrust bearing. will be
destroyed and/or extruded out of the space between the body
and the stem bearing surfaces. . As this occurs, tl_le‘ fire-'
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Numerous obj ects and advantages of the invention will
15 Dbecome apparent as the following detailed description of the
preferred embodiment is read in conjunction with the drawings

which illustrate such embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a cutaway perspective of a prior art valve.
20 FIG. 2 is an enlarged view of a portion of the valve
shown in FIG. 1.
FIG. 3 shows a prior art fire-resistant seal for a valve
stem. '
FIG. 4 shows another prior art fire-resistant seal for
25 a valve stem. '
FIG. 5 shows an additional prJ.or art fire-resistant seal
for a valve sten.
~ FIG. 6 illustrates a cutaway perspective of the valve
with fire-resistant seal of the present invention. _ '
30 FIG. 7 is an enlarged perspective cutaway showing details
of the sealing apparatus used in the valve of the present:
invention. _
FIG. 8 is a cross-sectional view showing the initial
pos:.t:.on of components in the fire-resistant seal.
35 FIG. 9 is a cross section showing the fire-resistant seal
after some excessive heat has been applied thereto. )
FIG. 10 illustrates the fire-resistant seal of the -
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FIG 10 ivaugkr fbgspbbesf L6€ah@si8tHay BE€%ithet NEnlet or outlet ports
for valve body 12.
Ball element 14 defines an opening 20 extending there-
15 through. In FIG. 1, valve 10 is shown in an open position
wherein opening 20 in ball element 14 is aligned with ports
16 and 18, thus placing the ports in valve body 12 in
communication with or;e another. To close valve 10, ball 14
is rotated approximately 90° so that opening 20 therein is no
20 longer aligned with ports 16 and 18 in valve body 12. Ball
sealing elements, such as seal 22, seal on the outer surface
of ball element 14.
Ball element 14 has a slot 24 therein generally directed
toward a stem seal housing portion 26 of body portion 13 of
. 25 valve body 12. A valve stem 28 has an inner end 30 which
engages slot 24 in ball element 14. Valve stem 28 also has
an outer end 32 which extends _outwé:dly from stem seal housing
26. Outer end 32 of valve stem 28 has a pair_ of flats 34
thereon which are adapted for engagement by a wrench for
30 rotation of the valve stem in a manner known in the art.

Stem seal housing 26 defines a first bore 36 and a larger
second bore 38 therein. A packing set 40 having a plurality
of V-rings 42, a female ring 44 and a male ring 46, is
disposed in second bore 38 of stem seal housing 26. A

35 pressure or spring energized seal 48 is disposed in first bore
36 of stem seal housing 26, and a washer 50 separates packihg -
set 40 from seal 48. : o _ _ L



WO 99/ 47840 PCT/ US99/ 06008 5 present-

invention ajyigoussdest antial ly conplete destruction of a thrupcTarssoegs
portion of the seal. DETAILED DESCRI PTI ON OF PRI OR ART VALVES AND SEALS
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At a position spaced below first bore 36 in stem seal
“housing 26, valve body 12 defines a body bearing surface 64

15 thereon. Body bearing surface 64 generally faces a stem
bearing surface 66 defined on inner end 30 of valve stem 28.
A thrust bearing 68 is disposed between body bearing surface
64 and stem bearing surface 66 to absorb outwardly directed
thrust on valve stem 28 caused by fluid pressure in valve 10.

20 Thrust washer 68 is preferably made of a resilient, self-
lubricating material, such as polytetrafluorethylene (PTFE).

Valve 10 as shown in FIGS. 1 and 2 is suitable for many
applications, but it does not have any significant fire-
resistant sealing capability. Referring now to FIGS. 3-5,

25 various fire-resistant sealing configurations are shown. 1In
each of these embodiments, there is a body bearing surface 64,
a stem bearing surface 66 and a thrust bearing 68 as described
for the valve shown in FIGS. 1 and 2.

‘In the prior art valve arrangement shown in FIG. 3, a

30 plurality of graphite rings 70 are disposed around valve stem

" 28a in a bore 72 defined in a stem seal housing portion 26a
of the valve. Graphite rings 70 are held in place by a
packing follower 54 and a packing retainer 52 as previously
described. _ ' :

35 In FIG. 4, a stem seal housing portion 26b of a valve is
shown having a first bore 74 and a larger second bore 76 -
therein. A plurality of graphite rings 78 are disposed around -
valve stem 28b in second bore 78, and a packing set 80 is -
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surface 66_defined on_inn end, 3 em 28. A._t hrust earln 68|s
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in valve 10 an o-ring 94, is disposed in groove 90. With no adjustable
loading on graphite ring 92, it is susceptible to leakage.
15 In each of the prior art valves of FIGS. 3-5, graphite
rings are used to seal radially between the valve stem and the
stem seal housing. In order for the graphite seals 70 and 78
of FIGS. 3 and 4 to seal properly, considerable loading must
be applied axially thereto which corresponds to relatively
20 high radial loading. This radial loading makes it more
difficult to turn the valve stem and operate the valve. Also,
the graphite rings tend to cause corrosion on the surfaces in
which they come in contact, such as the outside diameter of
the valve stem and the corresponding bore in the stem seal
25 housing, and this corrosion can increase the likelihood of
leakage as well as increasing the resistance on the valve
stem, making it more difficult to rotate for operation of the
valve. Co

DESCRIPTION OF THE PREFERRED EMBODIMENT
30 - Referring now to FIG. 6, the valve with fire-resistant
seal of the present invention is shown and generally
designated by the numeral 100. Valve 100 is basically a
variation of the prior art valve 10 shown in FIG. 1, and many
of the components are substantially identical.. _ . -
- 35 Valve 100 comprises a valve body 102 comprising a body
- portion 103 and an adapter 105 defining a pair of ports 104
and 106 for valve body 102 therein, respectively. . Body. - .
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1 and 2 is suitable for many applications, but it does not have any :
significant fire- resistant sealing capability. Referring nowto FIGS. 3-5,
25 various fire-resistant sealing confi gurations are shown I n each of
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104 and 106 by seal 110. All of this portion of the construc-
tion of valve 100 is conventional.
15 Valve body 102 includes a stem seal housing portion 114,
and a valve stem 116 is rotatably disposed in stem seal
housing 114. Valve stem 116 has an enlarged inner end 118
which engages a slot 120 in ball element 108. Valve stem 116
also has a substantially cylindrical intermediate portion 121
20 and an outer end 122 which extends outwardly from stem seal
housing 114 and has a pair' of wrenching flats 124 defined
thereon. Those skilled in the art will see that valve stenm
116 is of a known construction, and is used to rotate ball
element 108 in a conventional manner.
25 Referring to FIGS. 6 and 7, stem seal housing 114 defines
a first bore 126 which is sized so that inner end 118 of valve
stem 116 will fit therein. Stem seal housing 114 also defines
a second bore 128, a larger third bore 130 and a still larger
fourth bore 131 therein. Second bore 128 is sized so that
30 intermediate portion 121 of valve stem 116 will rotatably fit
therein. A packing set 132 of a kind known in the art is
disposed between fourth bore 131 in stem seal housing 114 and
valve stem 116 and is adapted to seal therewith. Packing set
132 comprises a plurality of V-rings 134, with a female ring -
35 136 on the outer side of the V-rings and a male ring 138 on
the inner side of the V-rings. A washer 140 is preferably
disposed between male ring 138 and shoulder 142 extending
between third bore 130 and fourth bore 131 in stem seal - -




10. 86 defihed in the stemseal housing. Valve stem 28c has '
grooves 88 JRAUHMefined therein. A graphite ring or rope 95&@%’%@&%%
in groove 88, and a sealing neans, such as an Oring 94, is disposed |n
groove 90. Wth no adjustable Ioad| ng op graphite ring 92, it is ’
susceptible to | eakage. 15 In each of the prior art valves of FIGS.
3-5, graphousingngl4re used to seal radially between the valve stem and

STond 5113 Seaf st o¥ eERFEMIPAER AL O SRR e =
t eretomm r @€p® sealdion andj e@h Q s
radi al i@?{‘ggaﬂkﬁi eﬁﬁ.l e FBE{:‘iBht 135’. bfVaive Stén A 3¢ emAa?QcﬁEﬁ

t he valve cause corrosion on the surfaces

in whBch ERdLomer 1ﬁgcé-ﬁt msmmﬁ%sa@aecemts.% femadecring (k36 fve
stem and paekag eseendizzxd bohe patiiy Sretainer s hQUSéﬂljh &d dwiiithS

corrosi on c i ncre the Ilkel hqod S. 1 ncr,easi t he
resi st anc PAGHiNgE Pgtﬁ‘ﬁ’&?%d%ﬂ Fgﬁ"F‘t sSes rB’PH’Fé‘"FoP‘rH
operati onbyf & fmasténﬁngDESSRbPTlsﬂ&lﬂié' Hr pPRaraRREy KBEEWES1150 and
Referri ng QW h_%.fl qh'%j ]%‘EMI %émth fire-resistant seal of the present

I nvention 1S s gnated by the nuneral 100. Valve 100
is bd®ically aA/alxcbcatimm ninqhbsmlisrhsﬁlﬂ v pdace v retaiveriringd

many of thgeC Q:?Pg’&g:'&ff e?%ie 1%‘éb%tfa%tl.%‘é &thﬁe it:l.%c %b 35]: the vaY¥k'stah0

conprises a valv conprisin g tion 103 and an, adapter 105
def i ni ng éspéhs’eﬁe‘i)ortg'hfoﬁ%ﬁ}m opkdNg1 Fingh k4 nis also
respecti vinown. Body WO 99/ 47840

PCT/ US99/06008 R%ferririg now to FIGS. 7 and 8, the key aspects of the

15 present invention will be discussed. At the lower end of
second bore 120 in stem seal housing 114 is a. cavity 157
preferably formed by a chamfered surface 158 which extends
outwardly and away from second bore 128. Cavity 157 could be
defined by other configurations in addition to chamfered

20 surface 158. For example but not by way of limitation, a
radiused surface could be used. Stem seal housing .portion 114
of valve body 112 defines a body bearing surface 160 therein
which generally extends between chamfered surface 158 and
first bore 126. Thus, it will be seen that cavity 157 and

25 chamfered surface 158 extend away from body bearing surface
160. .

Inner end 118 of valve stem 116 defines a stem bearing
surface 162 which generally faces body bearing surface 160 and
chamfered surface. 158 and is substantially pai'allel to the

30 body bearing surface. : :

A thrust bearing 164 is disposed between body bearing
surface 160 and stem bearing surface 162. Thrust bearing 164
has an outside diameter 166 sized to closely fit within first
bore 126 in stenm seal housing 114 ‘and has. an j.ns_ide diameter

35 168 spaced radially outwardly from intermediate portion 121
of valve stem 116. In the initial position shown in FIGS. 7 _
and 8, thrust bearing 164 is engéged with body bearing surface = "
160 and stem bearing surface 162 because of pressure loading '



portion 103 and adapter 105 are connected by a plurality of fastenets 107
of a kind kwowsurssot he art. A ball element 108 is rotatably @CIAHEIYACUH
val ve body 102 with sealing provided therebetween by.a.sealing neans, such
as a plurality of seals 5 110. Ball el enent 108 defines an opening 112
therethrough V\hen val ve 100 is in the Open position, as seen in FIG 6,

opening 1 0 06;

sﬁbst agt |é1 |y rest ricti on 4&@#%@%@%2‘3{6@#h?‘8§§%¢he vf'ﬁl{/re@%en

bal | el enbat foygei theovalve stsmogutwardlyrwish respecy to@dve badyis no
longer al 3gged Whak RE!¥alQé atdnld4s Qs Foredaodp wla%rsp tntgddie Ml ve

Is in a clogsed p05|t|on and ope 112 is sealin separatedfrom orts
104 and 18868y skapnf1®. APP o&%n‘h th%?FgF I?g‘gmrﬁﬁ BIERPS val ve
100 is coagaihsenthrust bearing\/nb_l’eah@dﬂoﬁ@é?sl PEliniss engdgumactlwithisi ng
portion 1%5 ng aival ve %t ysg) I's rotatably disposed in stem seal
housing 1 2Y\/8FRE 108 A 18T M enl arged i nner end 118 whi ch engages a
slot 120 in balhl firesmresidéant/asealst¥tn 148 ai:sspdsezi abetweeantinside
cylindric oAt l%@ér dag

ext ends Oﬁkahﬁ%?&”ﬁgg?n s em seé)‘lf] % iﬁg gg%gm%gﬁr ‘.'%fz %}%I ng
flats 124laéf¢ﬁé?.ﬁlmrm INﬁ)seFGKPr'FeélﬁﬁatﬂﬂFessﬁﬂ 79 hagan utsid

stem@l6 aiaﬁéta.rk RGN sa%at Eacieien cm&éms witedrl Grnisilqd Qibaldte emat 108

nousi ng 198 dOMURE HERFIEE B6fe BAR \HREn ST SSEAR] SERTY, e I BASRN 115
of val ve ihsidél@iwmetel 174heiced tot €itsedoselys arduhii isltermriiatts a
Chere . BgEbEan, 323535 vaaVel SR 3160 700 % Pl ot e ace portion 121 of |
val ve stem 116Thel lmmuatlabhycknesshef efiresrepsiftagtsseal 70fis lessl
K1MsL" Enothe Sy EEDASERE b AMBLEIS, Lis om0
fire-resistant seal is spaced from at least one of said body
bearing surface 160 and said stem bearing surface 162. When
valve 100 is oriented as seen in FIG. 6 with outer end 122 of
valve stem 116 being pointed upwardly, fire-resistant seal 170
20 simply rests on stem bearing surface 162 and a gap 176 is
defined between the fire-resistant seal and body bearing
surface 160. That is, any thrust loading from valve stem 116
as a result of fluid pressure acting thereon is totally
_ absorbed -initially by thrust bearing 164, and no thrust
25 loading is initially applied to fire-resistant seal 170.

In normal operation, valve stem 116 is rotated in a known
manner to actuate ball element 108. Normal sealing on inter-:
mediate portion 121 of valve stem 116 is provided by the
primary seal comprising packing set 132 and the pressure or -

30 spring.-actuated' seal 144. Thrust loading on valve stem 116
is absorbed by thrust bearing 164. Thrust bearing 164 is
preferably formed of a resilient, self~lubricating material,
such as PTFE, to facilitate the rotation of valve stem 116.
Thus, it will be seen by those skilled in the art that the

35 normal operation of valve 100 is essentially the same as prior
art valve 10 previously described. '

However, valve 100 of the present invention and prior art
valve 10 operate totally differently in the event of an - -




132 conprises a plurality of V-rings 134, with a female ring 35 136 on

t he .out er siwde9snfrs4ohe V-rings and a nale ring 138 on the i nnePCHUEW/608 he
V-rings. A washer 140 is preferably di sposed between nale ring 138 and |’

shoul der 142 extendi ng between third boif 130 and fourth bore 131 i'n 'stem

seal WD 99/ 47840 PCT/ US99/ 06008 9

130" of Vst extrend KO Yol EFuhSsudn &8 Eght6hchl pHER°SRVE JoU i bore
i nt er nedi &X¥PRRd M flmeof In| suchtanfive sitpatiprng beatf wildndamage | s

posi ti onegrdiéserby ! packing ééﬁ‘gliﬁﬁaﬁ& PAEgsie Cbr 18pring-R¥tdated.
retainer 148 is engaged wth ﬁbgk fol|[ower, 146 and i s attacheg to stem

seal housi8RpU 1348y a PASLeni will deskray, oFi (4anage: and
nuts ¥52, Beaﬂﬂqlwmnamershd@n in FIGA bpcxsnﬁeatnmsli puiehel dhrfusd ace

by a ret a| ne 6,0n _outer 122 of . val ve m 11 | ock .t vaI ve
stem as d %‘lééc&ﬁf icg?ﬁﬁsmegl%ﬂ éﬁ% kpﬁatl’l ﬁﬁ pex ?'gﬂskﬁ
Referring thmst) Heazdng amedextruﬂedkeytwapélysthfough d radpakyyap 178

'sg\éfnth'oﬂgldr%ﬁﬂﬁf cav?'tq‘nef‘?%ng]g era I y or rr\=}2'1élgcp‘{;1Ej %‘ nffegz?sg." sur gggl

158 whi ch @&M§Mvmlyhaﬂalaﬁa§tlﬂﬁom second bore 128. Cavity 157 coul d

be dqfg ned by ai{yed- ftd +o 0 izace
158. For exa Iﬁuﬁ%ée?oﬁ &Qgillranﬁtjgr:égnbféa%% use?sér?aac?%wclo d be

used. Stel Raghg qq)ﬁ’yli‘ﬁi’f' \%%%&}'aﬂ‘é%l
beari ng suwdmnmedlo¥ h@e£ormalli B ¢hechalalt). emmr\betmarihqntmeds

surface 1%9es%ldoyed, fire-resistant seal 170 will be brought into
sealing engagement with body bearing surface 160 as the
15 thickness of thrust bearing 164 is reduced by heat because the
fluid pressure in valve 100 continues to act outwardly on
valve stem 116. That is, stem bearing surface 162. eventually
will be forced against fire-resistant seal 170 so that the
fire-resistant seal is forced sealingly against body bearing

20 surface 160. See FIG. 9. _

_ The graphite material of fire-resistant seal 170 is
relatively soft, and as thrust bearing 164 is gradually
totally destroyed, fire-resistant seal 170 is forced upwardly
into cavity 157 defined by chamfered surface 158 so that it

.25 takes a generally conical shape as seen in FIG. 10.
Eventually, stem bearing surface 162 is substantially brought
into engagement with body bearing surface 160. This may
provide some degree of metal-to-metal sealing, but that is not
normally sufficient to meet industrial standards. Fire-

30 resistant seal 170, when forced into cavity 157 defined by
chamfered surface 158 will thus sealingly engage chamfered
surface 158, the portion of stem bearing surface 162 below the
chamfered surface, and the adjacent surface of intermediate
portion 121 of valve stem 116 above inner end 118 thereof.

35 A small portion of fire-resistant seal 170 even may be
extruded further outwardly into a radial gap 180 defined.
between valve stem 116 and second bore 128 in stem seal
housing 114, again as seen in FIG. 10. . , -



first bore 126. Thus, it. will be seen that cavity 157 and 25 chanf ered.

surface 158¥m<§ﬁﬁ?4oaway from body bearing surface 160. |'nner mwggdobRssds
val ve stem 116 defines a stem bearing surface 162 which generally faces

body bearing surface-160 and chanfered surface 158 and is substantially
parallel to the 30 body bearing surfak®. A thrust bearing 164 is disposed
bet ween body bearing surface 160 and stem bearing surface 162. Thrust

bearing 164 haFreyRsiskant Saak1l7Gaid] fhus, sepdsarpups valve stem st
bore 126 inmelamtiad £flRiid 1% hét dedkieas odtwardlge reoaohive3200 &¢8n

smaced ooy el e e By oLl T e
engaged wi th bdterearhe of fare faic cotiitér cexitsémen eat i conditieneistiinderause
b Lo/ GRS Fatve 310 nde 44 aigassenbied and mefitted with a pew,
tends to RAGingsetalad2 spressursacd spring-actyated: seadl 144hotthrust.
That is, \aldtferstigl i£8 el UM Uehl 3F05cChsl Eoﬁ:‘g‘gé AngndtBerso

that stem bearing surtace 162 presses 5 agal nst thrust ring 164 and

p L 3
forces it S9R1S AMRRAGANEANTR AR ARV P9 BA¥ ALECe DB Fefitied. [ e SRGhant
seal 170 ireflittihng GO aIv@N1005i §8 shByRidHe WherPthehhethlbaanpbaehts and

0t el 2l R0t oyd a0l Sok BethRaibiad S 05 SLERLREG) chiOGlE 21
of thrust dompromiddd, alnm sotmef casesgsiitt aay dwalnéessary nsoddidcamdt er
174 si zed i +d 1169 Q;ﬁéyr&;fg@g iet‘gigﬁdga{‘gwpgﬁgi.on 121 of valve stem 116.
: The valve of the present invention may thus be operatéd

in normal conditions in a manner similar to prior art valves

15 while providing a method of sealing around valve stem 116 even
in the event of high heat conditions, such as fire. Because
fire-resistant seal 170 is not activated until the fire
actually occurs, the problems associated with corrosion and
high loading of graphite seals, such as shown in the prior art

20 of FIGS. 3-5 are not present in the new invention. Those
skilled in the art will see that the interaction.of thrust
bearing 164, fire-resistant seal 170, chamfered surface 158,
body bearing surface 160 and stem bearing surface 162 may be
easily applied to other valve configurations utilizing

25 rotating valve stems, and the invention is not intended to be
limited to a ball valve configuration. For example, a plug
valve or gate valve which utilizes a rotating valve stem could
incorporate the unique fire-resistant sealing arrangement of
the present invention.

30 It will be seen, therefore, that the valve with fire-
resistant seal of the present invention is well adapted to
carry out the ends and advantages mentioned, as well as those
as inherent therein. While a presently preferred embodiment
of the invention has been shown for the purposes of this

35 disclosure, numercus changes in the arrangement and construc-
tion of parts may be made by those skilled in the art. All
such changes are encompaésed within the scope and spirit of
the appended claims. : ' -
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The inttial thickness of fire-resistant seal170 is.-less 15 _ than the
initial thivwomeagssf thrust bearing 164 such that the fire-rcREHUSANH06008,
i.s spaced fromat .| east one of said body bedhisgkecthips Been®elg@d and sai d stem
bearing surface 162. Wen valve 100 is pyi enEH m’ l' " FIG 6 with
outer end 122 of valve stem 116 being pointe e-resi stant seal

170 20  sinpl yna#StiSs W Sikdd Pegs | ng surface 162 and a gap 176 is defined
bet ween the fi re-resii stant seal and bogg beari ng surface 160. That is, any

t hrust | oadi ng ¥ ot ERaking apparatus Lo rotatable stersin  a Yadveg

t her eon igoaggaggﬁéﬂgﬁﬁggghﬁﬁié%ﬁﬁfﬂéiﬂgghrust bearingllflsé;b ard no th{ust
25 loading is initia a | ed to fire-resistant sea . 1h norma
operation, valve s®% iéggi&%?eﬂe?ﬂsafEﬁoﬁﬁéxiﬂiﬂb?EV%ﬁ¥uEP@ gkem

el eret laad Mherdodenl ing on inter- nediate portion 121 of valve stem 116
I's provided by the bR L Si Ki set,.132 .and Lessure
or 30" Spri ng- act dousk BeRr 168 Rl RbPEpTATRETRRR e 5 G Artl 58T

absor bed Bpd adaptest fomphsorbingrthrustaloagdingsons thecisdenly ardr ned of

a resilient, self-Iulgi B@gm ; | iﬁtt%gf e
rotation of valve 512%1&%%? us, fé\%\nllﬁw%éogéke’glggeiﬁ%%é%‘%I e F?\'Bt he
“art that Pedy3and agaphed, forasesding betweenybhes skegepndabodyt BE $hee as
priogoart thet Hoa¥ritg %Isuw;ﬁib@mymmx?éa ¥ ¥eatQ0 of the present
i nvention and prior art valve 10 operate totally differently in the event
of an WD 99/ 47840 ' PCT/ US99/ 06008
11 extrenme heat2.corthd appaxatusioficdatimotcuherbdn saidefip@-reséspaned to

fire. Inosuaheaf e Sliuil) Gy doaled dsSARET 24 H5ELIRY PREEMALSE®

132 and pressure or spring-actua
of said thrust bearing.

3. The apparatus of claim 1 wherein said thrust bearing
15 and said fire-resistant seal have an annular configuration.

4. The apparatus of claim 3 wherein said thrust bearing
and said fire-resistant seal are concentric.

5. The apparatus of claim 3 wherein said fire-resistant
seal has an outside diameter smaller than an inside diameter
20 of said thrust bearing.

6. The apparatus of claim 1 wherein said thrust bearing
is made of a non-metallic material.

7. The apparatus of claim 6 wherein said non-metallic
material is resilient.

25 8. The apparatus of claim 7 wherein said material is
reinforced polytetrafluorethylene.

9. The apparatus of claim 1 wherein said fire-resistant
seal is made of graphite.
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seal 144. Al'so, the heat will destroy or damage thrust 5 beari ng 164..

As shown i nyblogu7dde as heat is applied, thr Ceflncwnmsumw by

t he heat and/or portions of the thrust beari outvvardly
through a radial gap 178 defined bet vveen |nn aI ve stem 116
and first bore 126 in stem seal housi n Fire-resistant seal
170 is preferably nede jof whi ch |s not d such as
graphite, and it i & n(ﬁ:l c%%?#%%r%b@ ?ﬂ&%%g; tﬁérgﬁﬂﬂst beari ng
164 is destroyed, o isten am\eablqt d;tsgosla‘d) mlsam bodypht into sealing
engagenment w th body e?&éfgf #‘.ﬁi hgyst
bearing 164 is reduce% hea ecaus J{[ ressdl}#e I n vaf%%élig

cont i nues oPgNaPesdinn cﬂry mcmspé.dsmtﬂ@rqm finid qopmnicakion, f ace

162 ewent aald ¥ Wildseee ﬂdyﬁ%r@%i Bﬁhéﬁ rﬁl&%&.‘@i‘taﬁeﬁeﬂifhﬁﬁtf@éﬁ he
fire-resistant seal is forced sea mea.{enﬁal n bearing 20 surface

160. See°Pecanpther, (Faid; valye: & be @9r99¥'§P&m eepysald

rel ati vel ypedf tandnglaseth goditicnis nin leéspon@erdts| hyveneat! oflesaidyed,
fire- reS|s ant, seal 170 is forced upwardly Into cavity 157 defined by
chanf er ed ™ face 158 so that it 25 takes a generally coni cal shape
as seen in FIG a thrustebeaxing disposedabetweenr samd B6dyiand stem

b t t L0t Thi
my Brovi decadaBtal £oF Quledperlly iisbeiithy Sy g FRIR A 1

suffici enst@®n@®A | ndustrial standards. Fire- resi stant seal 170,

when forced into C%V's@élléisﬁéééa%ﬂieéﬁaéﬁfd%@'rafxﬂcgtéﬁs Bhia é@#ﬁ
sealingly engaqtcge chanf er ed surfgce 158, the azjc%tlon of stem bearin rface -

162 bel o AdaPLEd Lor, $eaLing hetyren faiQ Rody, And step yYhen, ate
portion l:hruistydearivienisl ubdtantialty damaddd bychest. 35 A snall
portion of fire-resistant seal 170 even may be extruded further outwardly
into a radial gap 180 defined

15 11. The apparatus of claim 10 wherein:

the apparatus is a ball valve; and
said valve element is a valve ball engaged with said

stemn.

12. The apparatus of claim 10 wherein said body defines

20 a cavity therein'adjacent to said seal such that said seal is

at least partially forced into said cavity as a result of

thrust 16ading on said stem when said thrust bearing is
substantially damaged by said heat.

13. The apparatus of claim 10 wherein:
25 said body defines a body bearing surface thereon;
said stem defines a stem bearing surface thereon
generally facing said body bearing surface; ar_x_d
said thrust bearing and said seal are disposed be-
tween said body bearing surface and said stem bearing surface.

"30 14. The apparatus of claim 13 wherein said thrust bear:mg
and said seal have an annular conflguratlon.

15. The apparatus of claim 14 wherein said thrust bearing

and said seal are substantially concentric.
TR




bet ween val ve stem 116 and second bore 128 in stem seal housi n 114, again
as seen i'n WO29/41810 WO 99/ 47840 This Sheet Has Been Replaced PCT/US99/0600

PCT/ US99/ 06008 12 Fire-resistant seal 170 wil round valve stem
116 so that fluid-is not |eaked outwarg y fr ven t hough -
extrene heat has been applied to the va ve. t | or other extrene
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and O-rings in valve 100 may al so be refitted. Such reflttlng of val ve 100,
I's only done S .10 t he val ve have not been

en e netal orrporslen ' fl}
darmaged or t ! nt eYPi 9"?:53 B8 © ﬁ;L}F&m 334 ¥heteditie cases, it may be
necessary to di scasdldalbodyl(meﬁidesepl a:aevityv\adﬁaaentwtmesaiﬂe bady e of

t he ;gesqggafi%gngﬁggag%e gs be operated in normal conditions in a manner

simlar to pri 5 while providing a nethod of sealing around
val ve stem 116 eveati heagt avpartienhpfhsadd: sesddisi Sorcedudintn Sai@

Because féé-@iff%f t&iﬁusﬁ?‘i‘oaﬁ@ld %n” thﬁcétéﬁtﬁgeﬁlg '%1 %L‘#ﬁ"-{cﬁé b i1y

occurs, the "ens  associ_ated Wi th corrosion ng of graphlte
seal s, suth %F%F\J-Fﬁll’héaﬂ?g&ﬁ Hﬁ’t 5 GS. 3-5 are not present in
the new inventi'on. Those skilled in the art WI|| see that the interaction
- of thrust b 164, fire-resi chanf ered surf ace 158,
body bearing g@rfa €1 8PPAFE =P egﬁ‘ﬁﬂﬂ' ?Urf‘é{gsrféﬂ Ve c@?ﬂ‘ ¥y pl i ed
t o dkher fotrmedcbyfagochanfenedusiurifaceg ins saidotmidyng val ve stens, and the
invention is not intended to be limted to a ball valve conflguratlon For

exanple, a pl ug
The apparatus of claim 17 where:.n said cavity is

formed by a radiused surface in said body.

20. The apparatus of claim 13 wherein:
said thrust bearing is initially engaged with both
15 of said body and stem bearing surfaces and has a thickness
defining a spacing between said body and stem bearing
surfaces; and | |
said seal is initially spaced from at least one of
said body and stem bearing surfaces and engages both of said
. 20 body and stem bearing surfaces when said thickness of said
thrust bearing is reduced by application of heat thereto.

21. The apparatus of claim 20 wherein:
said body defines a cavity therein extendlng from
said body bearing surface; and :
25 . at least a portion of said seal is forced into sald'
cavity as said thickness of sazd thrust bearing is reduced by
application of said heat thereto.

22. The apparatus of claim 21 wherein said cavity is
defined by a chamfered surface . extend:mg from said body

30 Dbearing surface.

"23. The apparatus of claim 10 wherein said stem bears -
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val ve or gate valve which utilizes a rotating val ve stem coul d i ncotporate
"t he uni que WOMeM47s88i St ant seal i ng arrange Ssb@tltldsse AITRpiRRY PCRNSAYOEA 30

It will be seen, therefore, that the valve stant seal of the
present invention is well adapted to c Ty d advant ages
ment i oned, as wel | as those as inheren thereln resently

preferr ed A9t "BE qCknkde Be ;“a%&'ng‘ a*éa% l}‘aees%ﬁ:h%W £ c{ erﬁ%nst ; uc-

this 35 |sc osure, numerous In the arrangenen

tion of p&Rid Bagd¥se made by those skilled in the art. Al such changes

are enconpassed mnthln t he scope and spirit of the appended clai ns.
REPLACEMENT SHEET 13 A val ve appar at us conRrisigg a val ve boq¥ .
defining a paPf-of TB&?EP?HE'FBFW&E?@&“!)&&/WB%P RoSUA RS HRRAFANG, st em
novabl y dispacadmetaldiid.body and defining a stem bearing surface thereon
generally facing said body bearing surface; a valve el enent disposed in’
sai d body and having an open position in which said ports are in fluid
comuBi cat i on2&Rd Thel appdrptust oprcliaimi2idcwherednpsaid theustfeating f r om

one anot hgg, §ﬁbd ¥agy dgé@gﬂgi4¥iﬁy}ég%¥%%en] 3 fald open and cl osed

positions I n response o novenen sal rusi beari ng  di sposed
bet ween sai d body bearing surface and said stem bearing surface and adapt ed

for substantigkly QR%_O ﬂg&éﬁf&%f '&f&'iﬂgzgnwﬁékﬂéﬁt %E‘lda%&xsfﬂ $4 SO

di sposed beiﬁpen sai d bearing surface and sald stem bearing surface
radial ly F8& FﬂF?eSfP Y¥$Neai d seal being adapted for
seal i ng between said body and sten1on|y when said thrust bearing is

substantlaIIyZQanang g¥ af@fus of claim 10 wherein said seal is made
10 of a heat-re51stant material.

28. The apparatus of claim 27 wherein said heat-resistant
material is graphite.

29. The apparatus of claim 10 wherein said stem is
rotatable with respect to said body.

15 30. The apparatus of claim 10 wherein said seal initially
has a thickness less than a thickness of said thrust bearing.

31. A valve apparatus comprising:
a valve body defining a pair of ports therein, said
body having a body bearing surface thereon; '

20 : a stem rotatably disposed in said body, said stem
having a stem bearing surface thereon spaced from said body
bearing surface, said stem bearing surface being biased in an.
axial direction toward said body bearing surface by thrust
loading from fluid pressure in said body;

25 a valve element engaged with said stem and movable
in said body by rotation of said stem between an open position
in which said ports are in fluid communication and a closed

-position in which fluid ¢ommunication between said ports is
prevented;

30 a thrust bearing disposed between said body and stenm -
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2. . The. apparatus of claim1 wherein: said,.t ry t bear| ng [

engaged wit. QIVHIM said body and stem bea?‘? 8@’"&59’&“91
t hi ckness. defining a‘spaci ng between said bo rlng surf aces;
and said seal is initially spaced from m |l e body and stem

beari ng surfaces and engages both of said body and stem ar| ng surfaces
only when kemxindi sunfacesf amd dinitisllpeengageds tiesrmesicy saphl ittatt on

o pair of A hrhet, 6adEhy°pRRAIE o ShaGenéa By BaLa AL Y,
st.em rot atkgAsAng spandd i n said body, sai d stem having a stem bearing

surface thereon spaéeéesiomsbaehoﬁg %fa"{,aggr%ﬁ&' angl gaesgam

surface 14 bei ng bl ased axi a I rection sal ear

surface bPUNHaces andi Apitiadhlm mrterps«a%%reith ok deasty: oraevafv@aelderrent

engaged WHdRy arll Sé€&h ParPNgbsareacesl.d body by rotation of said stem
between an open position in which said ports are in fluid comunication and

a closed position in which fluid communi cati on between said ports is
prevented; a t3gustTheaspparatagosfdchaimesn whettelindy and stem beari ng

surfaces and init t he { t h ch _that sg d_thrust adi,ng. on
S;I d stemis :iblsolrzé%{%y%h%éqer% #?g % %eaf df‘g o %ag-éﬂ&b
sai d bodywlsitaaln lasadi ng surfaces and initially unengaged with at |east
one Qqfg sai d body ang, 5§egabpaji r'ﬂacgér&?cgsheét-r?sgPEaﬁep E%Hacif yci m 3

wherein: said thrust %earl ng 1s na non- me er Ial; Sai d
seal is mfd@tyr &f e%él‘ﬂesﬁhﬂ’tﬁ‘ﬁ kearingl L9cHamaged  bysdiept hlamlilﬁéarl ng

i s damagedhurdinsl Sapdi edalh&RiGngH) deﬁ@é’ée&hﬁﬁtﬁe%f gl ¥a epeageanot h

of said b%qye and séler%bsegééng surfaces . A val ve apparatus conpri si ng:

33. The apparatus of claim 32 wherein:
15 said body defines a cavity adjacent to said body
bearing surface; and
said seal is at least partially forced into said.
cavity when said thrust bearing is damaged by said heat.

34. The apparatus of claim 33 wherein said .cavity is
20 defined by a chamfered surface extending from said body
bearing surface.

35. The apparatus of claim 23 wherein said cavity is
defined by a radiused surface extending from said body bearing
surface.

25 36. The apparatus of claim 32 wherein said non-metallic
material is resilient.

37. The apparatus of claim 36 wherein said non-metallic
material is reinforced polytetrafluorethylene.

38. The apparatus of claim 32 wherein said heat-resistant
30 material is graphite.

-_

AN



a'val ve body having a body bearlng surface e&e ody defining a -
cavity adj a¥en29/47840sai d body beari ng surface i RGTAGSI/06008  of
ports therein; a stemrotatably disposed in stem having a
stem beari ng surface thereon generally C|n ring surface; a
val ve el ement di sposed in said body an aV|ng an open position in which
said ports areg fone d agpiEpathuert ben STKh R %|1osﬁﬁeﬁaiht igid N gdachyigai d
ports are se arated frp ne, anot her, said,yalve ele bei ng novabl e

bet ween s& niv%lﬁd-"-%‘ﬁ%?‘ﬂ%n@ﬁﬁ‘%@ﬁliﬁgt?ttgz AS#BRent of said

stem a thrust bear| ng di sposed bet ween said body and stem bearing surfaces

and adapted foJ, su antlal abs t t Ioadl n sa and
15 a seal dispbsed rs%tr"bs B d?iaﬂﬂ Q{é‘ﬁ? 2}"5853: ggaF NYeal
bei ng posiazid)rsaichobea:bmaim 3ni ahnu]:arycenfmguhatlan.l east a portion of
said seal is forced into said cavity only when said thrust bearing is
substantially danmaged by heat. 6. The apparatus of any one of clains 1
to 5 Wherein &hd tThespRaratus ofhalaimHiesherein saidbhynst bearing
confi gur aiad)- ar{- insidBe FARAMEY Grdatdy OfRaf’ anl YuEsilad Qh‘?aﬂ@@éf' Bgsai d
thrust beari,ng and said seal are substantially concentric. 8.

appar at us g rﬁp%'e of claimse 1° to 5 wherein said seal is p03|t|oned

radi ally inwardl y of said thrust bearing. 9. The apparatus of any one of
claims 1 to 4 n sai d bag‘i mc%ude a c ﬁ nmuni cat i ng #th sai d
body bearing s %dj%%%?ﬁ' g H“ac aﬂ CEPPeall a tRdn of

sai d seal ﬁludlmessj ofit saidi thrustt pebyingr ust theag tharrs aan snemiaal y
when ygai dtt!*ié’ﬁe@aéf Ngai§ sabftantially damaged by said heat. 10. The

appar at us aim9 wherein sard cavity is formed by a chanfered surface
in said body. 11. The apparatus of claim9 wherein said cavity is forned

by a radiused g3u f afige | 8ppardtli8dvf claim 31 characterized as a ball
valve wherein said valve element is a valve ball rotatable in
said body.

44. A valve apparatus comprising:

15 a valve body having a body bearing surface thereon,
said body defining a cavity adjacent to said body bearing .
surface and further defining a pair of ports therein;

a stem rotatably disposed in said body, said stem
having a stem bearing surface thereon generally facing said

20 body bearing surface;

a valve element disposed in said body and having an
open position in which said ports are in fluid communication
and a closed position in which said ports are separated from
one another, said valve element being movable between said

25 open and closed positions in response to movement of said .
sten;

a thrust bearing disposed between said body and stem
bearing surfaces and adapted for substantially absorb:.ng
thrust loading on said stem; and

30 ' a seal disposed between said body and stem bearing
surfaces, said seal being positioned adjacent to said cavity

“such that at least a portion of said seal is forced into said- )
cavity when said thrust bearing is substantially damaged by -
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12. The apparatus of claiml1l, 2 or 5 wherein said thrust b ' |

" non- net al I-i"g.ggg’é?s“o The apparatus of any one of clainms.1 to %%e@gjloﬁwgai d
thrust bearing is nade of a substantially resilient nmaterial. REPLACEMENT
SHEET 16 14. ‘The apparatus of anyiene of clains 1 to 5 whérein said
material is reinforced polytetrafl uorenthyl ene. 15, The appar at us of
claiml, Keak.5 wherein said seal is made of heat-resistant material. 16.
The apparatus of any one of clains 1 to 5 wherein said heat-resistant
material is graphite. 17. The apparatus of any one of clains 1 to 5
wherein sai d 4%al Thet iapparatus 0f hicdiaids s44 ewbergin said cra¥dsyofisai d

thrust beggy By a chilf e Eartace! efB¥n@1fgCEréhdsdTa Jhédl}{ ekl N

said thrust beari'ng has an inside dianeter greater than an outside dianeter
of said sE¥fage, The apparatus of any one of clains 1 to-5 wherein said
. stemis rotatable with respect to said body.

5 46. The apparatus of claim 44 wherein said thrust bearing
and said seal have an annular configuration.

47. The apparatus of claim 46 wherein said thrust bearing
and said seal are substantially concentric.

48. The apparatus of claim 44 wherein said seal is
10 positioned radially inwardly of said thrust bearing.

49. The apparatus of claim 44 wherein said thrust bearing
has an initial thickness greater than . an initial thickness of

said seal.

50. The apparatus of claim 44 wherein said stem bears
15 against said thrust bearing as a result of fluid pressure in
said body. '

51. The apparatus of claim 44 wherein said thrust bearing
is non-metallic. '

52. The apparatus of claim 51 wherein said thrust bearing
20 is made of a substantially resilient material. '

53. The apparatus of claim 52 wherein said material is
reinforced polytetrafluorethylene.

54. The apparatus of claim 44 wherein said seal is made
of a heat-resistant material.

25 55. The apparatus of claim 54 wherein said heat-resistant

material is graphite. oo
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