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G _WITH 'ED PTFE G_LINER

The present invention relates to bearings
for rotary shafts and in particular to sleeve-type
bearings for the rotary shafts of fluid control
valves.

BACKGROUND OF THE INVENTION

The use of polytetrafluoroethylene
("PTFE") as a bearing material in sleeve bearings
with metallic bearing jackets or other metallic
supporting layers has been proposed. For example,
in U.S. Patent No. 3,033,623 entitled "Fluorocarbon
Sleeve Bearing” there is disclosed a PTFE bearing
with a metal housing that consists of a housing or
body that has a bore within which is disposed a
readily removable sleeve of substantially uniform
thickness over its bearing area. The sleeﬁe, of a
laminated construction, is provided with the surface
of a wear resistant synthetic plastic having a low
coefficient of friction such as PTFE. This wear
resistant synthetic plastic forms a thin layer and
is firmly anchored to a circumferentially rigid
métallic'supporting layer or sheet which is
sufficiently radially flexible so that the bearing
bore diameter and roundness are governed by the
diameter and shape of the housing bore. The
metallic backing for the wear resistant synthetic
plastic having a low coefficient of friction is of
such a thickness that it is circumferentially rigid
when formed into a cylinder and disposed in the bore
of the housing so that assurance is had that neither
portion of the laminated liner will wrinkle or bunch



-3- coefficients of friction and wear resistance characteristics.
Accordingly, it is desired to provide a bearing for the rotary shafts of

fluid cgdsplsqsy val ves that is easy to use and has reduceg,g&;‘bétion
ﬁgEVQy and

reduced cost, good chem cal inertness, inproved bearing

i nproved operati-onal |ife characteristics. SUWARY OF THE | NVENTI ON 10

In accordance with the present invention, a bearing for use on a fluid
control valve having a rotary shaft subject to operating |oad pressures
sufficient to overload and extrude PTFE is provided. The bearing includes a
cylindrical nonnetallic 15 bearing j &cket having a cylindrical inner

72 i Lposed Schl Tont iaEpeRREAs 1ol 4 B andtafion BLri ng | acke!
i s preferablyecohsxudsgr trapgformed when enclosed between the |
shaft and the housing. The metallic backing is
sufficiently flexible that it accurately conforms to
' 5 the surface of the bore and the housing thereby
‘assuring good: heat dissipation from the wear
resistant synthetic friction surface and also
obtaining the accurate dimensionihg of the housing
bore. o - : s |
10 However, in these conventional PTFE
bearings when subjected to the substantial operating '
load pressures common to the rotary shaft sleeve
bearing of a fluid control valve, the PTFE. bearing
surface yields at its cold flow point (approximately
15 500 psi or 3448 Kpa at system temperatures of 450°F
or 232°C) and extrudes from between the metal
bearing jacket and the valve shaft-causing_the
bearing to fail.. _ : :
Further, in such prior PTFE bearing
20 construction there is a strong. likelihood that
during normal operation of the fluid control valve,
the metallic backing or housing members of the PTFE
bearing will contact the rotary shaft of the fluid
. control valVe-causing'scoringi seizing or otherwise
25 harming of the shaft. The result will then be
reduced valve performance or failurewr” '
It is otherwise known in the art to
manufacture sleeve-type bearings for the rotary
_ shafts of fluid control valves entirely from
30 polyetheretherketone ("PEEK"). While: such
manufacture evades the rotary shaft damage problem.
when the bearing is subjected to high-operating.load
pressures, such bearings exhibit inferior



50 The liner is conposed of PTFE, a wear resistant synthetic
| astic haV|ng a low coefficient of friction. This PTFE liner is further

dapt ed yposidsisd to surround the rotary shaft of a fluid PeRS94/0198 Ve,
enabling the shaft to rotate with 25 respect to the liner under operating

pressures sufficient to overload and extrude PTFE. The liner is furthernore
of a uniformthickness over its entire length such that when nested and
thereby maintained in the cylindrical inner cavity of the 30 nonmetal lic
beari ng jacket between the opposite apnyglgr cavity end lips, the dianeter
of the liner confornms to the dianeter of the inner surface of the cavity

end lips in chs@ffi&eatgtafnfém&t%ﬂr hfadedar réQiYvatiddl
PCT/U895/0777‘§1 g’ ¥gth|n the cavity. The inner dianmeter of the
aracteristics.
Accordlngly, it is desired to provide a
bearing for the rotary shafts of fluid control
5 valves that is easy to use and has reduced friction,
reduced cost, good chemical inertness, improved
bearing load capacity and improved operational life

characteristics.

SUMMARY OF THE INVENTION

10 In accordance with the present invention,
a bearing for use on a fluid control valve having a
rotary shaft subject to operating load pressures
sufficient to overload and extrude PTFE is provided.
The bearing includes a cylindrical nommetallic

15 Dbearing jacket having a cylindrical inner cavity
defined between opposite annular cavity end lips
within which cavity is disposed a cylindrical liner.
The cylindrical nonmetallic bearing jacket is
preferably composed of PEEK.

20 The liner is composed of PTFE, a wear
resistant synthetic plastic having a low coefficient
of friction. This PTFE liner is further adapted and
sized to surround the rotary shaft of a fluid
control valve, enabling the shaft to rotate with

25 respect to the liner under operating pressures
sufficient to overload and extrude PTFE. The liner
is furthermore of a uniform thickness over its
entire length such that when nested and thereby
maintained in the cylindrical inner cavity of the

30 nonmetallic bearing jacket between the opposite
annular cavity end lips, the diameter of the liner
conforms to the diameter of the inner surface of the
cavity end lips in order to maintain any overloaded



PTFE liner and the end |lips are substantially the sane dianeter. A suitable
adhesi ve bonds the liner to the 5 bearing jacket. The cavity end lips

mai nt aiyiglokssdsy ner in position if the adhesive fails. W“l*(ﬁ'/il@s{o?ﬂﬂr eferred
to make the nonnetal lic bearing jacket from PEEK, other nonneta

materials may be enpl oyed. 10 BRI EF DESCRI'PTI ON OF THE DRAW NGS
In the drawi ngs, |ike reference nuner al s desi gnat e correspondi ng el enents
and parts throughout all the figures, in which: FIG 1 is a vertical
cross-sectional view 15 illustrating a cylindrical nonnmetallic bearing
with an entrapped PTFE liner installed around the rotary shaft of a fluid

control val peFENwa&HAnd Hhes dwlh-. he Pestiver nafaheear 88deheG 2 is a
ket o TPATRL IR A i o ph gt bBebaie bl e oot
: same diameter.. .
A suitable adhesive bonds the liner to the.
5 bearing jacket. The cavity end lips maintain the -
liner in position if the adhesive fails.
While it is prefefred to make the
nonmetallic bearing jacket from PEEK, other
nonmetallic materials may be employed.

10 | EF_DESCRIPTION OF WING q

In the drawings, like reference numerals
designate corresponding elements and parts
throughout all the figures, in which: .

| FIG. 1 is a vertical cross-sectional view -
- 15 illustrating-é cylindrical nonmetallic bearing with
an entrapped PTFE liner installed around the rotary
shaft of a fluid control valve in accordance with |
the present invention; and .
_ FIG. 2 is a vertical cross-sectional view
20 illustrating the cylindrical bearing jacket of
Figure 1 without the PTFE liner.

DESCRIPTION OF THE TION

. Referring now to the drawings, there is
shown an embodiment of the bearing 10 of the present
25 invention which includes :a nonmetallic bearing .
jacket 11 and a cylindrical PTFE liner 12
surrounding a fluid control valve rotary shaft 14.
' The bearing jacket 11 is cylindrical in
shape_énd'is comprised of an inner surface 16 and an
30 outer surface 18. - The inner surface 16 of the
bearing jacket 11 includes a cylindrical inner

]



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to the draw ngs, there
is shown an enbodi nent of the bearing 10 of the present 25 I nvention

“hi ch i ngddiskssesy nonnetal lic bearing jacket 11 and a cyli ngicrapesfifhE | | ner
12 surrounding a fluid control valve rotary shaft 14. The bearing jacket 11
Is cylindrical in shape and is conprised of an inner surface 16 and an 30
outer surface 18. The inner surface 16 of the bearing jacket 11 includes a
cylindrical inner WO 95/ 35451

PCT/ US95/ 07778 -5- cavity 20 which is -dgf Lned bet ween opposi te annul ar
cavity lips 22 and 24 and the fluid control valve rotary shaft 14. In the

preferred eﬁbed{rﬂeytzbhﬁnheﬁr {80 de2ihlla betwedEppolite! anhaar PEEK. 5
The annul ar qgg$£¥y iggszgzaggd2%4aand the fluid control valve

rotary shaft 14. In the preferred embodiment the
bearlng jacket 11 is made entirely from PEEK.

5 The annular cavity lips 22 and 24 are
disposed at the extreme upper and lower ends of the
inner surface 16 of the bearing jacket 11. The
annular cavity lips 22 and 24 extend inwardly from
the interior surface 16 of the bearing jacket 11 to

10 the end lip surfaces 26 and 28. The end 1ip
surfaces 26 and 28 are in close proximity to the
fluid control valve rotary shaft 14. Accordingly,
the internal diameter of each end lip surface 26 and
28 is just slightly larger than the diameter of the

15 rotary shaft 14. In the preferred embodiment, the
clearance or difference between the diameter of each
end lip surfaces 26 and 28 and the diameter of the
rotary shaft 14 is equal to or less than 0.0075 inch
(0.019 cm) thereby providlng a zero clearance

20 condition.

' The outer surface 18 of the bearing jacket
11 is generally cylindrical in shape. However, on
the upper end 30 of the outer surface 18 an abutment
32 extends from the outer surface. .

25 The cylindrical PTFE liner 12 is sized to
fit into the cylindrical inner cavity 20 which is
defined between oppositelanhular cavity lips 22 and
24 and the fluid control valve rotary shaft 14. The
cylindrical PTFE liner 12 is adapted to surround the

30 fluid control valve rotary shaft 14 to enable the
shaft to rotate with respect to the liner during use
of the fluid control valve with the cylindrical PTFE
liner 12 at operating load pressures sufficient to
extrude PTFE. A suitable adhesive is used to bond

35 the liner 12 to the bearing jacket 11.



di sposed at the extrene upper and | ower ends of the inner surface 16 of the
bearing jacket 11. The annular cavity lips 22 and 24 extend inwardly from
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éhe inner diameter of the liner 12 conforming to the
diameter of the end lips surfaces 26 and 28 so that
with the rotary control valve shaft 14 under
operating pressure normally sufficient to extrude -
PTFE, the overloaded PTFE is maintained within the
confines of the cavity 20, the cavity end lips 22
and 24 of said bearing jacket 11 and the rotary
shaft 14 of the fluid coﬁtrol valve. When so

confined, it has been determined that the load limit

for PTFE is substantially increased above its normal
extrusion cold flow point.

-In operation the fluid control valve
rotary shaft 14 comes into contact with the
cylindrical PTFE liner 12 and the end lip surfaces
26 and 28 of cavity end lips 22 and 24 over an -
approximate ninety degree surface of the internal
circumference of the bearing. Under normal
operation, the nonmetallic or PEEK material
composition of the end 1lip surfaces 26 and 28 of
cavity end lips 22 and 24 protect the rotary
shaft 14 from being scored. Further, the PTFE liner

12 when entrapped between the cavity end lips 22 and

24 and the rotary shaft 14 will carry a greater load
than in other PTFE bearing constructions before

beginning to extrude the PTFE liner. After the PTFE

liner 12 is overloaded, the maximum clearance of
0.0075'inch-(.0019 cm) between the end lip surfaces
26 and 28-0f-¢avity end lips 22 and 24 and the
rotary shaft 14 located at a point directly opposite
the high load side between the rotary shaft 14 and

the cylindrical PTFE liner 12 is sufficient to

¥



fit into the cylindrical inner cavity 20 which is defined between opposite
annul ar cavity lips 22 and 24 and the fluid control valve rotary shaft 14.

&The cyl WB&IS@EIPTFE liner 12 is adapted to surround the 3FcTrudesmetrrscontr ol
valve rotary shaft 14 to enable the shaft to rotate with respect to the

|l i ner during use of the fluid control valve with the cylindrical PTFE |iner
12 at operating |load pressures sufficient to extrude PTFE: A suitable
adhesive is used to bond 35  the liner 12 to the bearing jacket 11. WO
95/ 35451 ' -7 - PCT/ US95/ 07778 -6- The
cylindrical PTFE liner 12 has a thickness sufficient to nest the liner 12

it or ot -SSR drlp CRVE1dag0d JIPR 18 AHEnCA1teD iR IS
e |iner conformng to the i aneter of the end |ips
surfaces 26 h® 2§Q§§¥rﬁﬂ- P

A bearing of the present invention, for
example, may be placed on rotary fluid control
5 valves rated to operate in 600+ psi or 4137+ Kpa
systems at 500°F or 260°C. Under such conditions
the bearing will withstand pressures of 5000+ psi or
34475+ Kpa at 450°F or 232°C without allowing PTFE
extrusion from the cavity 20. ' .

10 . For such an application for a rotary fluid
control valve shaft of 0.7500 inches diameter (1.91
cm), the PEEK bearing jacket 11 may be 1.25 inches
(3.18 cm) long with an outer diameter between 0.904
and 0.908 inches (between 2.30 and 2.31 cm). The

15 cavity 20 of the inner surface 16 of the bearing
jacket 11 may be 1.12 inches (2.84 cm) long with an
inner diameter between 0.785 and 0.789 inches
(between 1.99 and 2.02 cm). The diameter of the end
lip surfaces 26 and 28 may range between 0.752 and

20 0.756 inches (between 1.91 and 1.92 cm).

The cylindrical PTFE liner 12 for such an
application would be fitted to the cavity 20 with a
length of 1.12 inches (2.84 cm), a thickness between
0.0145 and 0.0175 (between 0.0368 and 0.0445 cm) and

25 an inner diameter between 0.752 and 0.756 inches
(between 1.91 and 1.92 cm) which conforms to the
inner diameter of the end lip surfaces, 26 and 28.

The foregoing detailed description has
been given for clearness of understanding only, and

30 no unnecessary limitations should be understood
therefrom, as modifications will be obvious to those
skilled in the art.



with the rotary control valve shaft 14 under operating pressure normally
sufficient to extrude PTFE, the overl oaded PTFE is nmai ntai ned wiithin the
confi negyo@k/364s¢ cavity 20, the cavity end lips 22 10 angcgg j d
bearing jacket 11 and the rotary shaft 14 of the fluid controﬁﬂ@gﬁat. When
so confined, it has been determned that the load Iimt for PTFE is
substantially increased above its normal extrusian cold flow point. 15
In.operation the fluid control valve rotary shaft 14 comes into contact
with the cylindrical PTFE liner 12 andgthe end Ii pl ﬂ“mmtﬂlﬁmmu% of
cavity end lips 22 and 24 over an approxi mate nine g8 of the
I nternal 20 circunference of the bearing. Under ndrnhl bpé}afion, t he
nonmetal |'ic_or PEEK material conposition of the end |ip surfaces 26 and 28
of cavity e;égﬁﬁ§¥ﬂ22 and 24 protect the rotary shaft 14 from bei ng scored.
Further, the PTFE liner 25 12 when -entrapped between the cavity end|ips
22 and

1. A bearing for use on a fluid control

valve having a rotary shaft subject to operating
5 load pressufes sufficient to overload and extrude
PTFE;-said bearing comprising:

a cylindrical PTFE liner -adapted to -
surround the rotary shaft to enable the shaft to
rotate with respect to ‘the liner during use of the

10 fluid control valve with the cylindrical PTFE liner .
bearing the operating load pressures which may be
sufficient to. extrude PTFE; _

' a cylindrical non-metallic bearing jacket
having an interior-surface-and including a

15 cylindrical inner cavity defined between opposite
annular cavity end lips for retaining said liner,
said cavity end lips extending inwardly from the
interior surface to an end 1ip surface'vheréin the
diameter of said end lip,surfaée:is slightly larger

20 than the diameter of said rotary shaft; and

said cylindrical PTFE liner having a.
thickness sufficient to nest said liner in said
cavity between said cavity end lips and with the:
inner diameter of said liner conforming to the

25 . diameter of said end lips surface so that with said -

' rotary control valve under substantial operating

pressure sufficient to extrude PTFE, any overloaded
PTFE is.maintained within said cavity and between -
" said cavity end lips'of'said.bearing-jacket.

30 2. The bearing set forth in claim 1,
wherein the cylindrical bearing jacket is formed
from a fluorocarbon.



24 and the rotary shaft 14 will carry a greater |oad than in other PTFE
bearing constructions before beginning to extrude the PTFE liner. After the

~PTFE i LS overl oaded, the maxi num cl earance of 30 hyC h

(. 0019 Q%O%ts!\’\%en t he enj,"mumll and 28 of cavi t§9’é’g§%"g§$22 and
24 and the rotary shaft 1 ﬂﬁﬂﬂ"aﬂlnt directly opposite the high

| oad side between the rotary haft 14 &nd* the cylindrical PTFE liner 12 is
sufficient to WD 95/ 35451 . :
PCT/ US95/ 07778 -7- ensure that any ovgréogded PTFE is maintained within the
cavity 20. A bearing of the present invéntion, for exanple, may be pl aced

on rotary fluid control 39 ?ﬁg\é%ggﬁgégﬁte&%%ﬁg{ 1600 p'si or 4137+

Kpa systems at [err] or~[err ] | )
wherein the cylindrical bearing jacket is formed

from PEEK.

4. The bearing set forth in claim 1,
5 wherein the clearance between said end lip surface
and the rotary shaft is less than or equal to 0.0075
inches.

5. The bearing set forth in claim 1,
wherein the clearance between said end lip surface
10 and the rotary shaft is substantially zero
clearance.



‘the bearing will w thstand pressures of 5000+ psi or 34475+ Kpa at [err] or
[err] without allow ng PTFE extrusion fromthe cavity 20. 10

LFor suctyorgsaael i cation for a rotary fluid control valve pggfusosé7788 7500

i nches dianmeter (1.91 cm), the PEEK bearing jacket 11 may be 1.25 inches
(3.18 cm long wth an outer dianeter between 0.904 and 0.908 inches
(between 2.30 and 2.31 cn). The 15 cavity 20 of the inner surface 16 of
the bearing jacket 11 may be 1.12 inche622.84 cn) long with an inner

di aneter between 0.785 and 0.789 inches (between 1.99 and 2.02 cn). The
di aneter of the end lip surfaces 26 and 28 nmay range between 0.752 and 20
0. 756 inches (between 1.91 and 1.92 cm). The cylindrical PTFE liner 12 for
such an application would be fitted to the cavity 20 with a length of 1.12
inches (2.84 cnm), a thickness between 0.0145 and 0. 0175 (between 0.0368 and
0.0445 cm and 25 an inner dianmeter between 0.752 and 0. 756 inches
(between 1.91 and 1.92 cm which conforns to the '
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“inner dianmeter of the end |ip surfaces, 26 and 28. The foregoi ng detailed
*description has been given for clearness of understanding only, and 30 no .
\ unnecessSwigesIsgdit at i ons shoul d be understood therefrom asPODUSISNATIATE ons
“wi |l be obvious to those skilled in the art. WD 95/ 35451

PCT/ US95/ 07778 | CLAIM 1. A bearing for use on a fluid control valve
having a rotary shaft subject to opera | oad pressures sufficient to
overl oad and extrude PTFE, said bearindé o) r|S|ng a cylindrical PTFE

| i ner adapted to surround the rotary shaft to enable the shaft to rotate
with respect to the liner during use of the 10 fluid control valve with
-the cylindrical PTFE liner bearing the operating | oad pressures which may
be
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(57) Abstract

A sleeve bearing (10) for use on rotary valve
shafts (14) subjected to substantial operating pressures

-| sufficent to extrude PTFE includes a cylindrical non-

metallic bearing jacket (11), preferably composed from
PEEK. The bearing jacket has a cylindrical inner cavity
(20) defined between opposite annular cavity end lips
{22, 24) within which cavity is disposed a cylindrical
PTFE liner (12). The annular cavity end lips on the in-
ner surface of the cylindrical nonmetallic bearing jacket
extend inwardly to an end lip surface wherein the di-
ameter of said end lip surface is slightly longer than the
diameter of the rotary shaft (14) of the control valve.
A suitable adhiesive is used to bond the liner (12) to -
the bearing jacket (11). The cavity end lips maintain
the liner in position if the adhesive fails. The end lip
construction and the close clearances between the end
lips and the rotary shaft enable the PTFE liner to carry
greater load than in other PTFE bearing constructions
before beginning to extrude PTFE. After the PTFE liner
begins to.extrude PTFE, the close clearances ensure that
any overloaded PTFE is maintained within the cavity
(20) of the nonmetallic bearing jacket.

12
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froma fluorocarbon. WD 95/ 35451

PCT/ US95/ 07778 -9- 3. The bearing set forth in cI aim1, wherein the
cylindrical bearing jacket is formed from PEEK. 4. The bearing set forth
in claiml, 5 wherein the clearance between said end |ip surface and the
rotary shaft is less than or equal to 0.0075 inches. 5. The bearing set
forth in-claiml, wherein the clearance between said end |ip surface 10
and the rotary shaft is substantially zero cl earance.
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