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GROOVED STAVED BEARI NG ASSEMBLY BACKGROUND OF THE | NVENTI ON Thi s invention
relates to a bearing assenbly and 5 nore particularly to a new and
novel bearing assenbly for use in supporting a water |ubricated propeller
shaft as in |arge naval ships. Bearing assenblies with el astoneric bearing
el ements are par MOIBB#%y suited for this purpose because of thBFFUSI706441
excellent ability to 10 wi t hstand the effects of corrosive fluids and
to abrasion resulting fromparticles of foreighp matter carried in
suspension in the sea water in which the shaft and bearing assenbly
operates. Such bearing assenbli ggqAM e e rd i ng el enents
have been made and are 15 stTTT Derng nade w outer non-corrosive
support or shell with a plurality of circunferentially evenly spaced

el astoneric staves therein. SUVMVARY. I esent invention
Is directed to a novel bearing ZOWWHWOUIGI’ shel |l and
a plurality of circunfersnisalAverdidpceellatesntoch P@iting asdeibls! angt h
the shaft, the bearing elenents having transverse grooves or a hydrodynanc
pattern provi ded t hepsenpavtigikandy tedacrevhandcepvely Heamingorssemhdy £aus

enhancing the 25, pef{ OLiRISE Al WGab8R" Lt BRLET ESCTIZD QtE 166

in large naval ships. Bearing assemblies with
elastomeric bearing elements are particularly suited for
this purpose because of their excellent ability to
10 withstand the effects of corrosive fluids and to abrasion
resulting from particles of foreign matter carried in
suspension in the sea water in which the shaft and
bearing assembly operates. Such bearing assemblies with
their elastomeric bearing elements have been made and are
15 still being made with outer non-corrosive support or
shell with a plurality of circumferentially evenly spaced
elastomeric staves therein.
SUMMARY OF THE INVENTION
The present invention is directed to a novel bearing
20 assembly utilizing an outer shell and a plurality of
circumferentially spaced bearing elements in contact with
the shaft, the bearing elements having transverse grooves
or a hydrodynamic pattern provided therein to thereby
reduce the bearing friction torque thus enhancing the

25 performance of the bearing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a cross sectional view of a bearing
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Fig. 1 is a cross sectional view of a bearing WD 97/ 38899

PCT/ US97/ 06441 2 assenbly in accordance with the present invention. Fig. 2
is an isonetric view of a bearing stave in accordance with the present
invention. Figs. 3a-3b are isonetric views of alternate 5 enbodi nent s
for bearing material for use in a bearing assenbly in accordance with the
present tnvent i wQ97/88889 4 is a cross sectional view of a seconRCRUSIMIGHENT
of a bearing assenbly in accordance with the present invention. 10 DETAI LED
DESCRI PTI ON Referring nowto Fig. 1, wherein_a bearing assenbly 210 in
accordance with the present invention includ@ a 15 housi ng 215 havi ng

three staves 240 provi ded around the radi.al Fgggr ortlon t her eof . Each

stave 240 is hel daPﬁeBP Eelﬂya%c?ﬁﬁ‘@‘iﬁ wiiths BERLLEREEBEIPR A 1 gi d
plate or bar 264 is di gpgsed f@'éﬁﬂiégmé%¥3Q Sidw! BFEA | SedBIMS stk #h SCrew
or bolt 266 extends throtugh a cl earance shaft (not shown) in each
bar 264 and el astanspxrdaneabmth!atheamteaﬁgagesvmthonhreaded hol e 267 in

housing 215. Tlghtenlngisg[egggggi fglfiJHé%EQCpllegs of alternate

5 embodiments for bearing material for use in a bearing
assembly in accordance with the present invention.

Fig. 4 is a cross sectional view of a second
embodiment of a bearing assembly in accordance with the
present invention.

10
DETAILED DESCRIPTION

Referring now to Fig. 1, wherein a bearing assembly
210 in accordance with the present invention includes a
15 housing 215 having three staves 240 provided around the
radial inner portion therecf. Each stave 240 is held in
place by a pair of elastomeric members 260. A rigid
plate or bar 264 is disposed on top of each elastomeric
member 260. A screw or bolt 266 extends through a
20 clearance shaft (not shown) in each bar 264 and
elastomeric member 260 and engages.with threaded hole 267
in housing 215. Tightening screw 266 pulls rigid plate
264 toward housing 215, thereby compressing and deforming
each elastomeric member 260 to expand sideways and put
25 compression on each stave 240 and hold them in place.
Each stave 240 has a grooved bearing surface 241, a
substantially flat back side 282 and is supported by one

or more shims or pads 284, 286. Preferably, each stave



264 toward housi ng 215, thereby conpressing and deform ng each el astoneric
menber 260 to expand sideways and put 25 conpressi on on each stave 240
and hold themin place. Each stave 240 has a grooved bearing surface 241, a
substantially flat back side 282 and is supported by one or nore shins or
pads 284, 286. Preferably, each stave WO 97/ 38899 706441
PCT/ US97/ 06441 Wom@889ckside 282 is in contact with a top shi RFY8¥®
conprised of a hard material, (such as nmetal, conposite nmaterial or other
hard plastic), which is supported by a bottom pad 286 conprised of a
resilient or conpressible 5 material, (such as soft plastic, rubber or

other el astoner). ﬂrﬁtbatl@éé‘i%@ SBAVES Ph CodM Lot MAtMTac 2bpt shimodage
conpared with round backed staves. Lower stave 240 supports_drive shaft

223, and the two upppristed/of a4bardrmeberialy EWghyast Retaly veoRRaFite 03
in 10 - cooperative action wth_t fave t Qap t ous
flexing of the shaﬂ‘aftez"'z‘é1 ﬁgugtir?arzﬁgdligﬁ%érs%& griien 3s Eﬁ#ﬁBi‘t@é =

eferably made froma netallic

structure such as hs@ssn padoR8st comphised wf a cmyidient puncowpressible
structure. Housing 215 is nost prefera rised o%hfiberglass

. ly 15 . co
rei nforced epoxy, WRterilyl {suc oﬁFeﬂ?E%npfﬁﬁF%ﬁki T78% By REi ght .

elastomer). Flat backed staves are more economical to
produce compared with round backed staves. Lower stave
240 supports drive shaft 223, and the two upper staves
240 tangentially engage the drive shaft 223 in

10 cooperative action with the lower stave 240 to prevent
extraneous flexing of the shaft 223.

Housing 215 is preferably made from a metallic
structure such as brass, a plastic shell or a composite
non-metallic structure. Housing 215 is most preferably

15 comprised of fiberglass reinforced epoxy, with a glass
content on the order of 70% by weight.

Staves 240 are preferably made from an
elastomeric/plastic composite, such as that described in
commonly owned US Patent 3,933,371 or a homogeneous

20 slippery polymer alloy (SPA) such as is disclosed in US
Patent 4,725,151 and 4,735,982, all of which are hereby
fully incorporated herein by reference. SPA is a
thermoplastic and a thermoset rubber compound, along with
a smaller amount of a lubricant. SPA isla heterogeneous

25 composition wherein the thermoplastic exists in a
continuous phase and the thermoset is dispersed therein
as a discontinuous phase. In other words a thermoplastic

matrix is formed, having the thermoset compound and the



Staves 240 are preferably nmade from an el astoneric/plastic conposite, such
as that described in comonly owned US Patent 3,993,371 or a honpbgeneous 20
slippery polynmer alloy (SPA) such as is disclosed in US Patent 4,725, 151
and 4,735,982, all of which are hereby fully incorporated herein by
reference. SPA is a thernoplastic and a thernoset rubber conpound, al ong
wth a small er woowsesdof a | ubricant. SPA is a heterogeneous ZECT/USI7/06441
conposition wherein the thernoplastic exists in a continuous phase and the
thernmoset is dispersed therein as a discontinuous phase. In other words a
thernoplastic matrix is formed, having the thernoset conpound and the WO

97/ 38899 . . . L US97/ 06441, 4. L.ubri cant
di spersed therein ,lugg 1§ Bgssceias?(e)r%end at(}1 R tre sTﬁggﬁg?ng)%l %ét %%m('?(c)tn'f)%eu'nd

can be any pol yner whi echeexhebmbplismiigh compaund eanobe aafly GoSThe@R which
resi stant properties. A specific zggglof such polyners are the 5

various ultra hi gg*xhdbatg PugR; igtdep andsIPeAWERY Tgsistante known
to th t | 3 | 4t [ |
O the art as we Sgﬁgeﬂr%ggl ais\s%%i@fi% gl aoE' gﬁcﬂ%%@rﬁs “SidEne

pol yet hyl ene are ral as “thoSe having a wel ght average
mol ecul ar we ght ohrgeesat vltraanigh Snalieculanr, welighti polpethyldénesn about 3.0

mllion to about %UﬂMﬁLﬁkisﬂigﬁiégktﬂk%wn to the art as well as to the

literature. Ultra high molecular weight polyethylene are
generally classified as those having a weight average
molecular weight of greater than 2.5 million, that is

10 from about 3.0 million to about 7.0 million using the
solution viscosity method. A desired range is from about
4 million to about 6.5 million with a preferred range
being from about 5 million to about €6 million. Such
polyethylene are commercially available frdm Hoechst

15 Celanese Corporation under the name GUR 413.

The ultra high molecular weight polyethylene as well
as other polymers generally suitable for use in the
present invention typically have low friction properties
such as a breakaway coefficient of static friction at ©

20 rpm of 0.25 or less, desirably 0.20 or less and
preferably 0.15 or less. The desired thermoplastic
material of the present invention also have a toughness
as measured by a Izod notch impact test {(ASTM D256) of 20
or greater and preferably of 30 or greater. However,

25 unnotched test samples did not fail. The thermoplastic
material of the present invention also have good wear
resistance as measured by a sand slurry abrasion test.

The sand slurry abrasion test is a test of Hoechst



solution viscosity nethod. A desired range is fromabout 4 mllion to about
6.5 mllion wwth a preferred range being fromabout 5 mllion to about 6
mllion. Such polyethylene are conmercially avail able from Hoechst 15

Cel anese Corporation under the name GUR 413. The ultra high nol ecul ar

wei ght polyethyl ene as well as other polymers generally suitabberf;edzoss® I N
the present i nve@97889ypically have low friction properties such as a
breakaway coefficient of static friction at 0 20 rpmof 0.25 or |ess,
desirably 0.20 or less and preferably 0.15 op | ess. The desired
thernoplastic material of the present invention also have a toughness as

measured by a | ZogeNQhele | CPASErdtatn WhSTMiB25Gherdl P Drtapteaipecinesh

preferably of 30 or greater. wever, 25 unnot ched test sanples did not
fail. The ther nofllAsKi 3" n&tit) dis gotaredpatsdP0 | REM RV 1% BSWFe good

wear resistance as _neagured b i XD 55+08 dEMarearsRd slurry
abrasion test is Befég? %$ ?5%% g@ﬁ%%n&bggg%g8§§€§ are
PCT/ US97/ 06441 5 gal-esese &mdorati on wherein generally a test specinen (1"

X 3" X Jerr]) is rotated at_1200 RPM over 24 hour riqd in a slurry
cont ai ni ng parts of Qﬁtgff%ﬁﬁpgyIimqggtop%sﬁhaluftrgghléh moletrulay

polyethylene is utilized such that it forms a continuous
phase in the SPA. Generally, the amount of a
thermoplastic compound is sufficient to coat the
thermoset rubber compound which generally exist in the

10 form of particles and more desirably an amount in excess
of that required to coat the rubber particles. Based
upon the total weight of the SPA, the amount of the
thermoplastic often utilized is from about 25% to about
90% by weight, desirably from about 40% to about 75% by

15 weight and preferably from about 55% to about 65% by
weight.

The thermoset compound is a cured rubber compound
which typically has low friction as well as good oil and
water resistant properties. By “low friction” it is

20 meant that rubber bearings of a desired thickness range,
when water lubricated, develop hydrodynamic lubrication
at normal journal (shaft) operating speeds. Thin rubber
bearings develop hydrodynamic friction at lower shaft
speeds than any other known bearing material due to the

25 Plasto-Elastohydrodynamic effect. Hydrodynamic
lubrication is the developing of a fluid film between the
bearing and a rotating shaft. By the terms “oil and

water resistant”, it is meant that the elastomer is



5 An effective amount of the ultra high nol ecular polyethylene is .
utilized such that it forns a continuous phase in the SPA. Cenerally, the
anount of a thernoplastic conpound is sufficient to coat the thernopset
rubber conpound which generally exist in the 10 formof particles and
nore desirably an amount in excess of that required to coat the rubber
particles. BasoMOams8% he total weight of the SPA the anpbunt RET/YS9H06441
thernoplastic often utilized is fromabout 25%to about 90% by wei ght,
desirably from about 40%to about 75% by 15 wei ght and preferably from
about 55%to about 65% by wei ght The thernoSet compound is a cured rubber

conmpound whi ch ty m/frlc o) S we S4,0QQ M| an wat er
resi st ant propert ?fe%;:e;f ﬁiveigtc’:rs %ée’?ed n?ﬂ er
bearings of a desm&&bééﬁcdam b?nsﬁell\/ﬂﬂﬂ witer ishfrideadt e, aauel op
hydrodynam c | ubrication at normal journal (shaft) operating speeds. Thin

rubber bearings dexeferahiyiederad®c friction at | ower shaft speeds t han
e oo ooy e et ound, having e, Sreeon
devel op| ng 8f a fand dvdftidmmrestiseantt properties caxl ke ruxtidtiized . shaft By the
terms “oil and Waégercir Sc:I Sgtr%rtlztp of.I tsué: gg&géurtx ataztehevaerli%%[sorrﬁtrl:n. e
rubbers which are known to the art and to the literature.
For example, the various Hycar nitrile rubber compounds
manufactured by the BFGoodrich Company can be utilized.
10 The various harder nitrile rubber compounds are generally
preferred. A specific example of such a rubber is
compound H-201 (85 +/- 5 Shore A hardness) manufactured
by the BFGoodrich Company. Ancther example is a softer
nitrile rubber such as compound H-203, also manufactured
15 by the BFGoodrich Company which has a Shore A hardness of
about 65 + 5. Other rubbers include Butyl rubber, EPDM,
that is rubber made from ethylene-propylene-diene
monomers, and fluorelastomers based on the copolymer of
vinylidene fluoride and hexafluoropropylene thought to
20 have the following repeating structure -CF ~-CH -CF -
CF(CF)-. Such copolymers are sold under the Trademark
“Viton” by DuPont. Although these other rubber compounds
can be utilized, the nitrile rubbers are highly
preferred.
25 It is an important aspect of the present invention
that the rubber compound can be initially dry blended or
mixed with the thermoplastic compound before the alloy is

formed.



WD 97/ 38899 PCT/ US97/ 06441 6
unaffected (not dissolved or softened) and the vol une increase caused by
swell in water is under 5% and preferably under 3% Generally any rubber
conpound having such friction 5 and water resistant properties can be
utilized. A specific group of such conpounds are various nitrile rubbers
whi ch are -known WQ9T388%art and to the literature. For exanpl e, FCHESYHIG s
Hycar nitrile rubber conpounds nmanufactured by the BFGoodrich Conpany can
be utilized. 10 The various harder nitrilg rubber conpounds are
generally preferred. A specific exanple of such a rubber is conpound H 201
(85 +/- 5 Shore A hardn cture h rsl . sAnot her
exanple is a softer n|t$|$%m¥ﬁgﬂéﬁ g@bhgggxg% &mﬁﬁgﬁﬁﬁfﬁg@uggggéﬁﬁ if

manuf actured 15 or@yrtte dshCadw itwo eompen;nm; cit hizs grofimdr €oAahar dness

of about 65 [err] 5. Oher rubbers includge But bber, that is
rubber made from eERFRPEE FiFRA o RONYEBHAORD o%ﬁ"é‘y %J‘?‘:I%?g!elcégt fers

based on the copol ygg{ Qéawaﬂ 'éle%ci:hﬂ%hﬂeoﬁw il graREa Ry, ene

t hought to 20 ﬁavelthe foll om ng repeating structure -CF - CE§ CF -

CF( CF) - Suéh copaaymbe #ize Gifd thedenrederibhric manpound ds' gepebaldyt .
Although t hese other rubber c und n be utj nitrile.rubbers

are highly preferréﬂ oXant. é)aaf%ﬁgﬁgnsfﬁ%o+?eﬂﬁn§£§£;§: Pﬁgdp?ﬁsent

I nvention being finer, that is being able to pass through, a

specific Tyler mesh screen. The cured rubber compounds
thus generally have a particle size smaller than 35 mesh,

10 desirably smaller than 65 mesh, and preferably smaller
than 100 mesh. The amount of the cured rubber in the SPA
is generally from about 10% to about 70% by weight,
desirably from about 12% to about 40% by weight and
preferably from about 15% to about 30% by weight based

i5 upon the total weight of the SPA.

The lubricant is generally added in the form of a
solid and hence is non-liquid. In order to ensure a good
dispersal thereof, the lubricant typically is in the form
of a powder. By the term powder, it is meant that a

20 majority, and at least 70%, 80% or 90% and more desirably
at least 95% of the particles are smaller than a Tyler
100 mesh screen, that is 150 microns. Desirably, a
majority of the powder, typically 80%, 90%, or even 95%
is smaller than 200 mesh, that is 75 microns. Preferably

25 a majority of the graphite powder, that is 70%, 80%, or
90% is smaller than 325 meshes, that is 44 microns. Any
lubricant known to the art as well as to the literature

can be utilized which imparts lubricating properties to



that the rubber conpound can be initially dry blended or m xed with the

t hernopl asti ¢ conpound before the alloy is forned. WO 97/ 38899

PCT/ US97/ 06441 7 Accordingly, the rubber compound is cured and in order to
m X the two conponents, it is ground to a suitable size. Conventional
grinding methods can be utilized such as nechanical or cryogenic grinding.
5 Particl eweiozasssd t he cured rubber conpound is general | yPETESATOL .
The particle size is generally neasured as being finer, that is being able
to pass through, a specific Tyler nesh screq¥. The cured rubber conpounds
t hus generally have a particle size small er Than 35 nesh, 10 desirably

smal | er than 65 ably, smal | than 1QQ nesh. _The u of
t he cured rubber l'1 SP Y guéﬁﬁ‘ég%ﬁﬁ ‘?f %Lgloeu J%'O%Bt gtegﬁgu{:ﬁggﬁ?
wei ght, desirabl Mermcabmt o£2friecmowf 46 urdkicghbfattePESEREQDEYA T OM

about 15%to about 30% by wei ght based 15 upon the total weight of the
SPA. The | ubri carits izeNE8E, aRFy LQHISFRATRLE hOTF FHP SFAeYsefi at aheapentet| s

non-liquid. In or B poe B3l 2aBl mgos?é Pé 5@ otﬂ‘%%otwhehhﬁeéybétgf’?éthat

typically is int ormof a po e termpowder, it I's nean
a 5 The lubricant also should be nonabrasive. Graphite

constitutes a preferred lubricant. An example of a
specific graphite is grade 117-A, manufactured by Asbury
Graphite Mills, Inc. Another specific lubricant is
molybdenum disulfide. Although not generally preferred,
10 molybdenum disulfide is desirable in dry end use
applications where moisture is not available, even as
atmospheric moisture vapor. Silicone oils can also be
utilized in an amount of from about 2% to about 10% by
weight and desirably from about 3% to about 6% by weight
15 based upon the total weight of the SPA. Examples of
specific silicone oils include 200 Fluid manufactured by
Dow Corning.
The amount of the lubricant generally is from about
0.5% or 3% by weight to about 25% by weight, desirably
20 from about 1.0% to about 20% by weight, and preferably
from about 2% to about 10% by weight based upon the total
weight of the SPA.
To this end, it has been discovered that certain
material factors for staves 240 are important. First,
25 hydrophobic materials are preferred. Second, the
elastomer hardness should be about 70 shore A. Third,
the ratio of journal diameter of the shaft to the top

width of the stave should be about 4 to 7. Fourth, the



20 majority, and at |east 70% 80% or 90% and nore desirably at | east
95% of the particles are smaller than a Tyler 100 nesh screen, that is 150
m crons. Desirably, a ngjority of the powder, typically 80% 90% or even
95%is smaller than 200 nesh, that is 75 mcrons. Preferably 25 a
-majority of the graphite powder, that is 70% 80% or 90%is smaller_than
325 meshes, thatWO8"388%yi crons. Any |ubricant known to the art XS RrPeddl
to the literature can be utilized which inparts lubricating properties to
WD 97/ 38899 9 PCT/ US97/ 06441 8 the
SPA. By lubricating properties it is neant that the coefficient of friction

of the surface of &ﬁﬁsﬁ:gﬁnﬁdgﬁfékﬂésé HARAG baS abbhtesains eindl dde Fader
of at least 10% and nore desirably at |east 20% or 30% when wear starts. 5

The lubricant al so ialchul dFbEthorthe inface Einimht efcéhswt‘-%N%sSh;P%fk@r red

| ubricant. An exa ecific aph actured
by Asbury G aphi tg?‘l(’ﬁle lgl'ﬁ r%n’cﬁ gt&i’ﬁt'?’é ﬁﬁ rl C;é%lﬁge%awlb enum
di sul fide. Althougheaeingesefitadty ﬁuﬁfﬁmedsukﬁ as thel gbalenatestisiul fide is

desirable in dry end use applications where noisture is not avail able, even
as at nospheri% noi §F§F€ibaﬁo?b°‘5? IRRrides prefgnabiewear Aand | Bxrtiemn

amount. of from aboyk,2%%t8r 8Btk 10% by

Elastomeric members 260 are preferably comprised of
natural or nitrile rubber compounds, and are preferably
_ 0.75 to 1.5 inches wide before compression. Rigid plates
10 264 are preferably comprised of a metal, such as
stainless steel, or a hard plastic, such as fiber
reinforced epoxy. The compressed elastomeric members 260
. expand to grip the sides of the staves 240. They also
distort around the ends of the staves to provide an axial
15 locking feature. _

Bottom pads 286 offer alignment capability. Top
shim 284 is utilized to control the operating clearance
between the bearing bore and the shaft 223 to eliminate
the grinding of critical stave surface and to simplify

20 the bearing renewal and replacement process. Each stave
in a stave type bearing functions as an individual and
independent bearing surface. The deflection capability
of bearing 210 provides for a zero clearance bearing .
(ZCB) . ZCB's are more stable because, among other

25 things, the unloaded staves can be depressed by the
rotating shaft 223 as it develops hydrodynamically
pressurized lift-off pressure on the load carrying

staves. Furthermore, gritty water stave wear in a ZCB



wei ght and desirably from about 3% to about 6% by wei ght 15 based upon
the total weight of the SPA. Exanples of specific silicone oils include
200 Fl uid manufactured by Dow Corning. The anmpunt of the |ubricant
generally is fromabout 0.5% or 3% by weight to about 25% by wei ght,
‘desirably 20 fromabout 1.0%to about 20% by wei ght, and preferably
from about 2% tWO a138899 10% by wei ght based upon the total wei FET/USPTG4EL
SPA. To this end, it has been discovered that certain material factors for
staves 240 are inportant. First, 25 hydr@phobic naterials are
preferred. Second, the el astoner hardness shoul d be about 70 shore A

Third, the rati Oa'g%]ﬂ ' Cilzle {%}e#%?ﬁ,cga bhEagdéf tnd qré\}&sreo&l%dbgrggcige

st ave shoul d be t he WD 97/ 38899
PCT/ US97/ 06441 9 répedtoion prucelascss wmbstl ef Hicidntutwhenl 2hel shafto 0. 312

inch. Fifth, the surface finish of the stave shoul e under 10 mcro
i nches. Sixth, hafwnﬁi)yrﬁ?r i FB?gﬁgﬁrVﬁbhc%ﬁ)a?f ‘ﬁ’ﬁ Sayes 38&1 as the
SPA material 5 ynriafdd Rada00¢e Bpa¥eYes D ef eidbthetRaigsandybr i Ction

characteristics. Elastonmeric nenbers 260 are preferably conprised of
5 clearance between all of the staves and the shaft. In a

conventional stave bearing designed with initial
clearance, the side or top staves are unloaded with the
shaft not touching them. The efficiency of the reverse
flow particle rejection process is reduced with any

10 clearance present, thereby causing wear of surfaces of
the side or top staves. The grit particles pass through
the clearance space instead of being rejected back,
thereby flowing out through the water grooves.

The three staves are preferably located

15 approximately 120° apart (angle A), with the two upper
staves located approximately 30° (angle B) above
horizontal line 280 and the lower stave located
approximately 90° below horizontal 280.

Referring now to Fig. 2, wherein a stave 240 for the

20 bearing 210 of Fig. 1 is illustrated. Staves 240 have a
plurality of transverse grooves 290 provided therein and
distributed along the axial length of the stave thereby
leaving a plurality of lands or protrusions 241
protruding towards the axial centerline. The grooves may

25 be either molded into the material or machined into the
material, with machining the preferred method. The
particular dimensions for the staves will differ for each

application. For a stave on the order of 0.75 inches



natural or nitrile rubber conmpounds, and are preferably 0.75 to 1.5 inches
w de before conpression. Rigid plates 10 264 are preferably conprised
of a netal, such as stainless steel, or a hard plastic, such as fiber
reinforced epoxy. The conpressed el astoneric nenbers 260 expand to grip the
‘sides of the staves 240. They al so distort around the ends of t% to
provi de an axi alW@9738899 | ocking feature. Bottom pads 286 offer ¥ W‘
capability. Top shim?284 is utilized to control the operating clearance

bet ween the bearing bore and the shaft 223 tgielimnate the grinding of
critical stave surface and to sinplify 20 t he bearing renewal and

replacement procesgy; gacth, tg%}{:?ov"éé 209! A¥8 DYPE ROV h LU RRT aE an
i ndi vi dual and indggéﬁgént %ear|ng surface. The deflgttion capability of
bearing 210 provi des26oinchesrdeeyd andancad3binchesy wWizleB) witdB'as separation

st abl e "because, anpng ot her 25 hi n t he unl paded stav an_.be
depressed by the Fgfg't’??@ %‘Fﬁﬂ‘feszgt 1y g?‘éd85€?’6p%€ﬁym naﬁfafg‘llﬁ‘ng
pressurized |ift-ofboBbessik el dthaveleOaficeaasys Nthe lantimt Off oataete,
gritty water stave wear in a ZCB WO 97/ 38899

PCT/ US97/ 06441 10 Rresswee git Retweesdgseavescaulhe tHave dimepsiops pafdticl e
groove dimensions must be picked such that the applied

load is high enough for low friction and wear to occur,
but the bulge ratio must be also low enough for the
staves to adjust and form a lubricant trapping pocket.

10 Referring now to Fig. 3a-3b, wherein alternate
embodiments for staves 240 is illustrated. The bearing
material is molded in large flexible slabs. The material
is molded and shaped against a plate or rough fabric with
many protuberances lands, or contact points, 414, 424

15 wherein the protuberances can each individually become
hydrodynamic bearing surfaces when fluid lubricated. The
material is molded and shaped against a rough fabric
(Fig. 3a) or plate with many protuberances. The molded
staves consist of an elastomeric/plastic composite, such

20 as that described in commonly owned US Patent 3,993,371
or most preferably a homogeneous slippery polymer alloy
(SsPA) such as is disclosed in US Patent 4,725,151 and
4,735,982, all of which are hereby fully incorporated
herein by reference. The SPA bearing material layer is

25 preferably on the order of 0.125 inches thick. It is
then adhered during slab cure to a nitrile rubber backing
sheet. The rubber backing makes the slab flexible, and

when abraded, is easy to bond to the metal or composite



rejection process is nost efficient when the shaft (journal) is in contact
with all of the staves (no unl oaded cl earance space). In a ZCB there is
zero 5 cl earance between all of the staves and the shaft. 1In a
conventional stave bearing designed with initial clearance, the side or top
:staves are unloaded wth the shaft not touching them The efficiency of the
reverse fl ow pawosnIsedrej ecti on process is reduced with any 1E®CTAUSII06441

cl earance present, thereby causing wear of surfaces of the side or top
staves. The grit particles pass through the,gl earance space instead of

bei ng rejected back, thereby flow ng out through the water grooves. The

three staves are . l.oca 5 %@; 'tqateel:y”% [ apart
(angle A, with tkﬁééae’{l\?\{xfaﬂ%esrlg tg\g}ggélf)%% e pépyrgom mat'e yggoﬁgér (angl e
B) above hori zontzihddives28a ebfthbe tement St Fhe lrubdieed bapRingi i@t el y

90[err] below horizontal 280. Re errirééémwvto Fig .2, wherein a stave 240
for the 20 bé‘é]ﬂ‘r’i’t}yzf@‘doﬁaﬂ-é)? ganded 9%, & by meaps;o54p Wachine

plurality of |7 aNYY itk EHROLS ¢30 &% i@%ﬂiﬁrtﬂi%kl?:ﬁﬁsd'E?}{{:ﬁHt ed al ong

the axial |ength of e stave thereby leaving a plurality o ands or

protrusi onss241 pattrimhilay beaxidg shze axiTie csitemiviendayeeagdsoaesundy 25
e o nren Toe o o SR SR8 She e Tk VRO SRR heDe
will differ for earhlhapificiel hoNne&drtd g o nidlthinedeheObefriAgi Nches
surface. Grinding the bearing surface increases friction
and wear. The full stave thickness is preferably 0.625
10 inches to 1.1 inches.
It is to be noted that the staves in Fig.s 3a-3b may
be made completely from the aforementioned SPA material.
That is, the staves 240 may not have a bottom layer 410
and therefore would be comprisef of a single layer
s - comprised of the material for layer 412.
Referring now to Fig.3a, an alternate stave material
240 may be manufactured by providing a patterned bottom
layer 410 of elastomer in a mold. The preferred
elastomer is catalog number H-201 available from the
20 B.F.Goodrich Company. Next, a top layer 412 of slippery
polymer alloy (SPA) is provided on the elastomer. A
thermoplasﬁic and a thermoset rubber compound, along with
a smaller amount of a lubricant form the SPA. The SPA is
a heterogeneous composition wherein the thermoplastic
25 exists in a continuous phase and the thermoset is
dispersed therein as a discontinuous phase. In other
words a thermoplastic matrix is formed, having the

thermoset compound and the lubricant dispersed therein,



WD 97/ 38899 PCT/ US97/ 06441 t hick, the
grooves 290 are preferably on the order of 0.25 inches deep and 0. 33 inches
wi de, with a separation between grooves of on the order of 1 inch.
Machi ni ng grooves in the staves increases the anobunt of contact 5

.pressure in between grooves. The stave dinensions and groove di nensi ons
nust be pi cked <MON7388% the applied load is high enough for | RFYYFLP4EY,
and wear to occur, but the bulge ratio nmust be also | ow enough for the
staves to adjust and forma lubricant trapping pocket. 10

Referring now to Fig. 3a-3b, wherein alternate enbodiments for staves 240

is illustrated. Thg bgﬁ%ﬁggdngéegﬁegdmfiﬂmggded in large flexible slabs. The
material is nolded an aped against a plate or rough fabric wth many

pr ot uber ances | ands, orThenthgrmqmiaﬁQ;c somponad ¢8n be apieralymere which

prot uberances can ea di vidual ly b d y ggg faces
when fluid |ubricaf Eﬁ hReER 41O ?%‘1%‘%&% éﬁg Qﬁgabgw err%lsq:%nrough
fabric (Fig. 3a) o rabai:eiasth Nespedifiiculgebapces . sidk pml}dmi'asta’t‘ee&he
consi st of an elastonerlc/ pl astic, conpgsite, such 20 as that described

in commonly dwned USrPaPEnFleré)%l%tH“q}rech‘ﬁ% Beight BPlyeLhaeR§eheous

sl i ppery polyner al | $6 d t 725,151
and 4, 735,982, all (Mﬁiﬁ@%ﬁ%ﬁﬁ%ﬁgﬁuﬁ %E/’ Fﬁgo?tgr%ge‘%?ue% o the

literature. Ultra high molecular weight polyethylene are
generally classified as those having a weight average
molecular weight of greater than 2.5 million, that is

10 from about 3.0 million to about 7.0 million using the
solution viscosity method. A desired range is from about
4 million to about 6.5 million with a preferred range
being from about 5 million to about 6 million. Such
polyethylene are commercially available from Hoechst

15 Celanese Corporation under the name GUR 413.

The ultra high molecular weight polyethylene as well
as other polymers generally suitable for use in the
present invention typically have low friction properties
such as a breakaway coefficient of static friction at 0

20 rpm shaft speed of 0.25 or less, desirably 0.20 or less
and preferably 0.15 or less. The desired thermoplastic
material of the present invention also have a toughness
as measured by a Izod notch impact test (ASTM D256) of 20
or greater and preferably of 30 or greater. However,

25 unnotched test samples did not fail. The thermoplastic
material of the present invention also have good wear
resistance as measured by a sand slurry abrasion test.

The sand slurry abrasion test is a test of Hoechst



herein by reference. The SPA bearing material layer is 25 preferably on
the order of 0.125 inches thick. It is then adhered during slab cure to a
nitrile rubber backing sheet. The rubber backi ng makes the slab fl exible,
and when abraded, is easy to bond to the netal or-conposite WO 97/ 38899
.PCT/ US97/ 06441 12 bearing housing using roomtenperature curing epoxy
‘adhesi ves or cwowe8s®®enent. The rubber backing is rapidy an8CEHS§?Vg441
sanded or ground by nmeans of a machine to give the correct overall slab

t hi ckness for the 5 particul ar bearing si,ze. The adhesive |ayer adds
around 0.001 inches to the bearing total wall thickness. There is therefore

no need to grind nachl | | e
surface i ncreaseseﬂ?%ﬁ on gf?% v'-ill/eagr%]‘:1 Qﬁe§§£{la§§?%€/§ei rlﬁlag%nesss §%pregerabl y
0.625 10 i nchegsrtp 4 KX iyrohds. rbtatedt at be2owtREM tdvair ahe4ashaues in

Fig.s 3a-3b may be nade conpletely fromthe aforenenti oned SPA materi al .
That is, the st avE%rJP%‘b *‘Fh)ﬁ ﬁt}turﬁéfvé”&tﬁb{‘%’&?n?%t%ﬂf- HaFerhargi dre woul d

be conprisef of aﬂ/ EE conprised of the material for |ayer
412. Referring now to Fig. 3a, an alternate stave material 240 may be

manuf act ur el by provi cAmgEfeuatitver amdubbt ¢Hnthe ultra high molecular

polyethylene is utilized such that it forms a continuous

phase in the SPA. Generally, the amount of a
thermoplastic compound is sufficient to coat the
thermoset rubber compound which generally exist in the

10 form of particles and more desirably an amount in excess
of that required to coat the rubber particles. Based
upon the total weight of the SPA, the amount of the
thermoplastic often utilized is from about 25% to about
90% by weight, desirably from about 40% to about 75% by

15 weight and preferably from about 55% to about 65% by
weight.

The thermoset compound is a cured rubber compound
which typically has low friction as well as good o0il and
water resistant properties. By “low friction” it is

20 meant that rubber bearings of a desired thickness range,
when water lubricated, develop hydrodynamic lubrication
at normal journal (shaft) operating speeds. Thin rubber
bearings develop hydrodynamic friction at lower shaft
speeds than any other known bearing material due to the

25 Plasto-Elastohydrodynamic effect. Hydrodynamic
lubrication is the developing of a fluid film between the
bearing and a rotating shaft. By the terms “oil and

water resistant”, it is meant that the elastomer is



| ayer 410 of elastomer in a nold. The preferred el astonmer is catal og nunber
H 201 avail able fromthe 20 B. F. Goodri ch Conpany. Next, a top |ayer
412 of slippery polynmer alloy (SPA) is provided on the el astoner. A
t hernopl astic and a thernoset rubber conpound, along with a smaller anount
-of a lubricant formthe SPA. The SPA is a heterogeneous conposition wherein
t he t her nopl ast iWO3H38899 exists in a continuous phase and the RGBT S
di spersed therein as a discontinuous phase. In other words a thernoplastic
matrix is fornmed, having the thernoset conmpousd and the |ubricant dispersed
t her ei n, VO 97/ 38899

PCT/ US97/ 06441 13 gR.pppeesd (dotiraideslvedr or Seréhedyapia e veameund
can be any pol yner mhlch exhibits tough, low friction and good wear

resistant propertiéscreaseceadsesd Qm)tsp'eéﬂ- dncwaper yierundae Sihe apd

various ultra high_no ht, ,pol yet hyl enes (UHMAPE) whi ch are known
to the art as melIpﬁgk?gg?ﬁ%‘ﬁﬁ#%?é§ure Utra high nol ecul ar wei ght

pol yet hyl ene are gener ad;éxyeﬁmsmtmed-ubbeh-hcempbmd ngavingeisyivh frdcgden
nmol ecul ar wei ght of greater than 2.5 mllion, that is 10 fromabout 3.0

mllion to al§out 73 n‘i’?\:?’érF"t%‘terg’“tth?rQBPﬁFi’-Bﬁ AR RRiUSL H#a%0d. AA desired

range is fromabougpecific group of such compounds are various nitrile

rubber compounds which are known to the art and to the
literature. For example, the various nitrile rubber
compounds manufactured by the BFGoodrich Company can be

10 utilized. The various harder nitrile rubber compounds
are generally preferred. A specific example of such a
rubber is compound H-2D1 (85 : 5 Shore A hardness)
manufactured by the BFGoodrich Company. Another example
is a softer nitrile rubber such as compound H-203, also

15 manufactured by the BFGoodrich Company which has a Shore
A hardness of about 65 1 5. Other rubbers include Butyl
rubber, EPDM, that is rubber made from ethylene-
propylene-diene monomers, and fluorelastomers based on
the copolymer of vinylidene fluoride and

20 hexafluoropropylene thought to have the following
repeating structure -CF ~CH -CF -CF(CF)-. Such
copolymers are sold under the Trademark “Viton” by
DuPont. Although these other rubker compounds can be
utilized, the nitrile rubbers are highly preferred.

25 It is an important aspect of the present invention
that the cured rubber compound can be initially easily
dry blended or mixed with the thermoplastic compound

before the alloy is formed.



4 mllion to about 6.5 mlIlion with a preferred range being from about 5
mllion to about 6 mllion. Such polyethylene are comercially avail able
from Hoechst 15 Cel anese Corporation under the nane GUR 413. The ultra
hi gh nol ecul ar wei ght pol yet hyl ene as well as other polyners generally
'suitable for use in the present invention typically have low friction
properties suclhweaosrssspy eakaway coefficient of static friction RATABIZ06441
rpm shaft speed of 0.25 or less, desirably 0.20 or less and preferably 0.15
or less. The desired thernoplastic materi al cg the present invention also
have a toughness as neasured by a |zod notch 1 npact test (ASTM D256) of 20

or greater and preferaﬂ%%%g%%@rﬁglt%reeghgge I—Q%%g%?d?%e cure@'&t%tdcg%d t est

sanples did not fail. astic materra present | nvention

al so have good wegfdéeests i€ ariis tWwoatomponéyta, sindis|gifdundlticasi on test.
The sand slurry abrasion test is a test of Hoechst, WO 97/ 38899
PCT/ US97/ 06441  14seir 3t 8 ¥%R po/GonVERtHABAL| F¥ Yo merhods. cansbeci nen (1
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amount of tBe ul trartigle nizx Wiathe cured rubber compound is generally
important. The particle size is generally measured as
being finer, that is being able to pass through, a
specific Tyler mesh screen. The cured rubber compounds
thus generally have a particle size smaller than 35 mesh,
10 desirably smaller than 65 mesh, and preferably smaller
than 100 mesh. The amount of the cured rubber in the SpPA
is generally from about 10% to about 70% by weight,
desirably from about 12% to about 40% by weight and
preferably from about 15% to about 30% by weight based
15 upon the total weight of the SPA.

The lubricant is generally added in the form of a
solid and hence is non-liguid. In order to ensure a good
dispersal thereof, the lubricant typically is in the form
of a powder. By the term powder, it is meant that a

20 majority, and at least 70%, 80% or 90% and more desirably
at least 95% of the particles are smaller than a Tyler
100 mesh screen, that is 150 microns. Desirably, a
majority of the powder, typically 80%, 90%, or even 95%
is smaller than 200 mesh, that is 75 microns. Preferably

25 a majority of the graphite powder, that is 70%, 80%, or
90% is smaller than 325 meshes, that is 44 microns. Any

Jubricant known to the art as well as to the literature

can be utilized which imparts lubricating properties to



pol yethylene is utilized such that it fornms a continuous phase in the SPA.
Cenerally, the anount of a thernoplastic conpound is sufficient to coat the
t her noset rubber conpound which generally exist in the 10 f or m of
particles and nore desirably an anobunt in excess of that required to coat

the rubber particles. Based upon the total weight of the SPA E}p:g % of
t he t hernopl ast WO8#3889 utilized is from about 25%to about 90% S’g #kg*‘}t

desirably from about 40%to about 75% by 15 wei ght and preferably from
about 55% to about 65% by wei ght. The thernoget conpound is a cured rubber
conmpound which typically has low friction as well as good oil and water

resistant propertigge dba.'| @ flhb%i&&ﬂizs%tpi’c&:&@ies ifeast melat tHAPCEhe
beari ngs of a desired thicknéss range, en wat er |ubricated, devel op
hydr odynani ¢ | ubr i cegf Dicientnefrdrippiomapt (Beafaurfaser ofi fhesferued SPAn
rubber ‘beari ngs devel op. hydyodynam c friciion_at_.lo hatt _sp t
any ot her known beh?iﬁ%d‘f%%dé’!r iaé %aﬁeef‘%mﬁ » B the’Erae¥ 8& at ‘ESQ&-_ {]@Q

Pl ast o- El ast ohydr oghydaib®e eidsaeablyHutr Debyswamox lobiosawhen wearhetarts.
devel oping of a fluid film between the bearing and a rotating shaft. By the
terms "oi|l aRd watBhe fedhicant: alpp phowdd he menabnasivesst Graphite o

97/ 38899 constitutes a preferred lubricardtGl/ Hﬁgg&gﬁﬁﬂé of a

specific graphite is grade 117-A, manufactured by Asbury
Graphite Mills, Inc. Another specific lubricant is
molybdenum disulfide. Although not generally preferred,
10 molybdenum disulfide is desirable in dry end use
applications where moisture is not available, even as
atmospheric moisture vapor. Silicone oils can also be
utilized in an amount of from about 2% to about 10% by
weight and desirably from about 3% to about 6% by weight
15 based upon the total weight of the SPA. Examples of
specific silicone oils include 200 Fluid manufactured by
Dow Corning.
The amount of the lubricant generally is from about
0.5% or 3% by weight to about 25% by weight, desirably
20 from about 1.0% to about 20% by weight, and preferably
from about 2% to about 10% by weight based upon the total
weight of the SPA.
Next, a pattern is transferred into the top layer of
the bearing surface of bearing material 22. The
25 preferred method of transferring this pattern is to place
a polyester sheet between a piece of heavy, loose knit or
. loose weave fabric which presses the polyester sheet and

fabric into the surface of SPA bearing material 22 before



15 unaffected (not dissolved or softened) and the vol unme increase caused by
swell in water is under 5% and preferably under 3% Generally any rubber
conpound havi ng such friction 5 and water resistant properties can be
utilized. A specific group of such conpounds are various nitrile rubber
~conpounds which are known to the art and to the literature. For exanple,

t he vari ous ni twobmusssbber conpounds manufactured by the BFGo®@Iusa7/@adspany
can be 10 utilized. The various harder nitrile rubber conpounds are
generally preferred. A specific exanple of éﬁgh a rubber is conpound H 201
(85 5 Shore A hardness) manuf actured by th FGoodri ch Conpany. Anot her

exanple is a softer_njtrile. ruhber as H 2Q3.. al.so 15

manuf act ured by t'ﬂ%l%o?ﬂq qé’rﬁ? #?Q\?/ﬁ ﬁaﬁg %ﬁa}r&%%ness of

about 65 5. Oth réf@i@asx?lmamég Bal.y B700bRea 11851 fhdwicdordieh Rickade
[

from et hyl ene- i;])yl ene-di ene nmononers, and fluorel astonmers based on the
copol ymer of vi nyT ecprlyestnn xelpagergheet hexprefaraipy }bWI%iﬂ@Jght to

have the follow n )

copol yners are so?%l%gg\@i%'e %:ha %Wl?ﬁ Eg“-ton egs%%h%:ou& %2‘ ough these
ot her rubbep conpsessbtaxn SPA Maylerz add rbandstthé eedgeEbhaics thiee hi ghly
preferred. 25 It is an |n%ﬁrtant aspect of, the present inyention

that the cured rUBERYURFARRRR e PRi FPRFRGE RRIQEP 414 can each

individually become hydrodynamic bearing surfaces when
fluid lubricated. It is to be noted that prior to
pressing the polyester and fabric into the material, the
10 fabric should be sprayed with a mold release, such as
catalog no. RTC 9110, manufactured by Chem-Trend, in a
manner well known in the art to ensure the fabric can be
removed after curing. After the fabric and polyester
sheet have been placed on top of the uncured bearing
15 section it should be pressed in, such as by closing the
mold. The material is then cured for approximately 4.5
hrs. under pressure of approximately 1000 to 1500 psi at
approximately 350°F. After this curing process, the
temperature of the mold is allowed to return to ambient
20 while the pressure is maintained. The mold should be
allowed to cool down for approximately 1 hr. after
curing. It has been found that cooling the composite
under pressure helps to prevent warping of the final
article. Application of water to the outside of mold may
25 also be utilized to reduce the mold cooling time to 1
hour to prevent warping of the finished product.
Referring now to Fig. 3b, an alternate bearing

material may be manufactured in accordance with the



dry blended or m xed with the thernoplastic conpound before the alloy is

f or med. WD 97/ 38899 PCT/ US97/ 06441 16
Accordi ngly, the rubber conpound is cured and in order to mx the two
conponents, it is ground to a suitable size. Conventional grinding nethods

can be utilized such as nmechanical or cryogenic grinding. 5 |
size of the curcWOS#BHE? conpound is generally inportant. The ﬁgiﬁﬁ%*ﬁka}ze

is generally neasured as being finer, that is being able to pass through, a
specific Tyler mesh screen. The cured rubber ggnmpounds thus generally have
a particle size smaller than 35 nesh, 10 desirably-small er than 65

mesh, and preferab Lérféﬁ%hél%n{ﬁ:‘éhteﬂﬂ?lﬁg%lﬂe&fiﬁ*?1 urxd rubber
in the SPA is genejf%f)ﬁgyf‘rom about 10%to about 70% by wei ght ,g:desi rably

from about 12%to ahemeby(yidlding ghicompespref bavbng & reohtom hayesvdieg of

about 30% by wei ght .based 15 on.the_ t I Laht . the, .SPA_ .The
lubricant is gener SMRICSBGELRH 3 ﬂ%& RYEE QQQSSﬁ%%n%aqhenrﬁ::dl%énd
non-liquid. In ordghapedOpssEberired, diapassabrt beitdt gditdsiaziscant
typically is in the formof a powder. By the termpowder, it is nmeant that

a 20 maj & i ty, paavided| eha¥eirpy, TheoPEPtUbsraneest2d Rt axially

inward and can each individually become hydrodynamic
bearing surfaces when fluid lubricated. The diamond
shaped pattern in the top layer 422, however, is provided
by utilizing a rubber mold having the appropriate

10 impression or pattern provided therein. A polyester
sheet, such as Mylar, may be placed between the rubber
mold and the SPA before curing. The polyester sheet is
preferably on the order of 0.003 inches thick. The
polyester sheet smooths out the resultant SPA layer and

i5 rounds the corners of the protuberances.

It is to be noted that other shape and size patterns
not specifically disclosed herein maybe provided in the
top alloy layer in order for the bearing to be
hydrodynamic.

20 Referring now to Fig. 4, wherein a bearing assembly
310 in accordance with an alternate embodiment of the
present invention is generally similar to the bearing
assemblies illustrated hereinbefore in the previous
figures and is thus indicated by reference numerals

25 corresponding to those discussed above, except that a 300
"prefix" is utilized.

A housing 315 has three staves or lands 340 provided

around the radial inner portion thereof. Staves 340 are



at least 95% of the particles are smaller than a Tyler 100 nesh screen,
that is 150 mcrons. Desirably, a majority of the powder, typically 80%
90% or even 95%is smaller than 200 nmesh, that is 75 mcrons. Preferably
25 a majority of the graphite powder, that is 70% 80% or 90%is
smal l er than 325 neshes, that is 44 mcrons. Any lubricant known to the art
‘as well as to twes9elBs8ey at ure can be utilized which inparts | ubRGRESINAGH4L
properties to WO 97/ 38899

PCT/ US97/ 06441 17 the SPA. By lubricating pr Berties it is meant that the
coefficient of friction of the surface of th& " formed SPA is reduced, as for

exanpl e, on the orgtier of at least 10% angd m)rezgesi rab%é at. | east . 20% or
30% when wear starimesl as arHRIFRRY; RHtATERAL ERET BEUAGRELPEsT BIng

Graphi te constituts#p awiitheikepreeorabiyimady) eI ebaa specific
graphite is grade 117-A, manufactured by Asbury Gaphite MIls, Inc.

Anot her specific |elnstemericd PAapybecpompesitis idercribednbsgrinbefoseeral |y
preferred, 10 A S ' Ly 4o R _d ad_u .
appl i cati ons wher g@rlo%g%ﬁ?gg: glsng%ggggiﬂll)%l e, %\%ellr?%as‘f%gt %‘s‘ggg?u @gﬁ%féﬁﬁe
vapor. Silicene oidlsc alesthdibeldehereinbefbore. arLiaimgnBoof ikr ppefepably% t o

about 10% by wei ght and desirably from about_  3%¢t, %bqut 6% b¥ vveight
manufactured in the manner described in U.S. Patent No.

4,735,982 referenced hereinbefore; and installed in the
housing 315 while it is still hot from the transfer
molding process. Lining 390 is attached to the housing
10 preferably utilizing an adhesion promoter and cross-
linking agent, such as Vanchem HM-50 available from
R.T.Vanderbilt Co.. The prime advantage of this adhesive
over others is it's hot strength. Other attachment
means, however, may be utilized to secure the lining into
15 the housing.

The length to diameter ratio (L/D) of prior
elastomer landed stave type bearings is required to be on
the order of four to one for wear and life reasons.
Bearing 310 permits much lower L/D, possibly on the order

20 of two to one or even one to one, thereby reducing
manufacturing costs. Also, lining 390 is relatively
simple to manufacture and alleviates the need for machine
finishing of the bore of housing 315. The bearing
surface 341 of each land 340 has either grooves or a

25 pattern provided therein in accordance with the staves
shown and described hereinbefore in Figs. 2 and 3a-3c.

It will be apparent that, although a specific

embodiment and a certain modification of the invention



15 based upon the total weight of the SPA. Exanples of specific
silicone oils include 200 Fluid manufactured by Dow Corning. The anount of
the lubricant generally is fromabout 0.5% or 3% by wei ght to about 25% by
wei ght, desirably 20 fromabout 1.0%to about 20% by wei ght, and
preferably from about 2% to about 10% by wei ght based upon the | ght
of the SPA. Next), %ﬁﬁ?’?ern is transferred into the top | ayer o#&’ﬁ%”m?
beari ng surface of beari ng material 22. The 25 preferred nmethod of
transferring this pattern is to place a pol yesgjer sheet between a piece of
heavy, |oose knit or |oose weave fabric which presses the pol yester sheet
and fabric into thesaifedsr delbcebheCnd | déedEl eitihdl ideBeichCis ndP

97/ 38899 PCT/ US97/ 06441 18 nelting
and nol di ng takes plimid&edrke fthsr PEeW%prﬁ%Héf a@lyas@maégané degogibed

avai | abl e from Geor t P ly 0.003
inch thick Myl ar. ggggﬁ%g;g? g%é%%%o% s out SJ‘EE mhﬁe ‘Fxg'téﬁé ant SPA
| ayer and rounds t hdepadgdngs drbmethe opriveripleas ofl ahes inventddh act points
414 can each individually becone hydrodynam c bearing surfaces when fluid

| ubricated. It is to be noted that prior to



pressing the polyester and fabric into the material, the 10 fabric
shoul d be sprayed with a nold rel ease, such as catal og no. RTC 9110,

manuf actured by Chem Trend, in a nmanner well known in the art to ensure the
fabric can be renoved after curg i c and pol yester sheet
have been placed on top of the [imeus SHEBE&HASREENS section it should be
pressed in, suswoem3sss® cl osi ng i he NAEPLATED mat erfji al is t hen PEHUSHT/G6441
approximately 4.5 hrs. under pr tre ol _approxi nately 1000 to 1500 psi at
approxi mately 350[err]F. After this curing psocess, the tenperature of the
nold is allowed to return to ambient 20 While the pressure is

mai ntai ned. The nold should be all owed t@%@ﬁ@% down for approxinmately 1
hr. after curing. It has been found that g the conposite under
pressure helps to prevent warping of the final article. Application of
water to the outside of nmold may 25 alsqQ he utiljzed to reduce the nold
cooling tine to &. héupeﬁb’iﬁﬁe%é?ﬁml?hf diarg holding pi sheAkJcoPRBIRiNG:
Referring now to Fig. ,3b 8 r uf act ured
in accordance with thgﬁ ou%g%%ggﬁ q&aé Watehe bﬁén{'ﬁg WEE

PCT/ US97/ 06141 1tentaaddaxisfandtde ioveposuxdface| defineddby nsdid). cSat ral

t hereby vyi el di ng a %ggBOS|tg havi ng a bottom | ayer 420 of

a plurality of staves disposed on said inner surface
for contacting and supporting the shaft, said staves
having transverse grooves provided therein.

10

-‘This Sheet Has Been Replaced
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el astonmer and a top | ayer 422 of SPA having di anond shaped protuberances,

| ands, or contact points 424 5 = provided therein. The protuberances 424
protrude axially inward and can each individually becone hydrodynam c
bearing surfaces when fluid |ubricated. The di anond shaped pattern in the
top |ayer 422, r, is provided by utilizing a rubber nold having the
appropriate 16”88»ﬁ¥ﬁ$ression or pattern provided therein. AGIOISyEesssy
sheet, such as Mylar, may be pl aced betweﬁzzghe rubber nold and the SPA
before curing. The pol yester sheet is pre bl y: on the order of 0.003

i nches thick. Thakbolyestgé %P t SPA | ayer and
15 rounds the rners &P d . o RS e noted that

ot her shape and si zeypai2ed nsy e \ Qe QS

provided in the top alloy gt e or N °

hydr odynam c. 20
assenbly 310 in q?g
i nvention is gene
her ei nbefore i éﬂh)
nuneral s 25
"prefix" is utilized
around the radgh-i

260

215

~N
260 p 260 266
240 ogg 284 ‘282

FIG. |
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WD 97/ 38899 : PCT/ US97/ 06441 20 formed
as a unitary or integral inner housing or lining 390, which is preferably
made fromthe SPA el astoneric/plastic conposite described herei nbefore.
Housing 315 is preferably made fromthe housing materials 5 al so

descri bed herei nbefore. Lining 390 is preferably manufactured in the
manner descri BEY'R%). s, patent No. 4,735,982 referenced her BFFH8Y796441 and
installed in the housing 315 while it iséi}é%l hot fromthe transfer
nmol di ng process. Lining 390 is attached e housing 10 . preferably
utilizing an adhesion pronoter and cross- |inking agent, such as Vanchem
HW 50 available fromR T.Vanderbilt Co.. The prine advantage of this
adhesi ve over others is it's hot strength. O her attachnent neans, however,
may be utilized to secure the lining into 15 t he housing.'ﬂuaAﬁggth to
dianeter ratio (L/D) of prior elastoner |anded stave tyge<bearings
required to be on the order of four to one for wear4“, e
Bearing 310 permts nuch lower L/D, poggibly on té; :ggw/“

one or even one to one, thereby reduci manuf g e

SUBSTITUTE SHEET (RULE 26)



surface 341 of each |and 340 has either grooves or a 25 pattern
provided therein in accordance with the staves shown and descri bed

herei nbefore in Figs. 2 and 3a-3c. It will be apparent that, although a
speci fic enbodi mrent and a certain nodification of the invention WO
97/ 38899 PCT/ US97/ 06441 21 has been

described in d¥PAP88M} he jnvention is not limted to the spediGHERIPssaL
illustrated and descri bed constructions siﬁzg vari ati ons may be made

wi t hout departing fromthe principles of t nventi on. - 22 - CLAIMS 1.
A bearing assenbly for holding a shaft, said bearing assenbly conprising:
an outer shell having a @ ral opening with a central axis.and an 5

i nner surface defined by saNd central opening; and at |east one bearing
conponent di sposed on said inger surfgee cting and supporting the
shaft, said bearing conponent ha
nmeans for tangentially contacia<ay
nmeans, said spaces foPff

SUBSTITUTE SHEET (RULE 26)



10 and said bearing conponent being ,;pofgpr_i.se’_d_ of a ther%&ég 6 l‘[,,]_
pol yner alloy, said alloy including at:herropl-astic pol yner g

| ow friction and good wear-resistant properties and a ther PR 1998
conmpound for adding flexibility to said bearing conmponent to enable said
-bearing conponent to maintain contact with Id shaft. 15 Z. A
beari ng assenbly according to claim21 wheré&i“ said thernopl astj

polymer alloy is a slippery polynmer alloy conprising a het eroglmumtnl"""””m
conposition of a thernoplastic in a continuous l|ohase, a thernoset gubber s«
conpound di spersed in said thernoplastic sconti nuous phase, and a

| ubricant dispersed igp sai b . S bearin
assenbly accordi ng top'cl ai % %Q%ﬂg%s%&tggf ébltzg‘glrdl%laagﬁﬁc s@%@?‘ﬂ”ﬁs a§%mbly
t hernopl asti c potomppprisingg. @~ A bearing assenbly according to claim3

wherein said thernoplastic polynmer is an ultra high nolecular weight
pol yet hyl ene. 5. A bear A guiss shelb hpving @oeenitial opening aith 2 conteal aixis and an

t hernoset 25¢ r ' r Vi . CUT rubber conpound havi ng
a lowfri ctiosn &?g%re%ﬁyn,!E?régﬂ%delﬁx&a@e%wg&;%%ﬁéjﬁg and water. 6. A
bearing assenbly accordi ngat least! siierbearing @oftiponériti disposed ofi daid infies Qirfick For

fromthe group consisting of graphite, nolybdenum disulfide and silicone
oil. 30 contacting and synnogting the shafi, saidhearing gomponenthawing adiseentinueus d

ext ending o anoviiriich Wil Vontie? a3 Bt A5GupBRE fneifin ind Bhacki aeBRRY .
adj acent |and arsaid contactonéinssuid spaces) fornting lubsichdtetrappitig pockatsi with tie/ AR,

sai d | ands.

and said bearing component being comprised of a thermoplastic-rubber polymer
alloy, said alloy including a thermoplastic polymer havu;g tough, low friction and
good wear-resistant properties and 'a thermoset rubb&' compound for adding
flexibility to said bearing component to enable said bearing component to maintain
-contact with said shaft. |
15 2. A bearing assembly according to claim 1 wherein said thermoplastic-
rubber polymer alloy is a slippery polymer alloy comprising a heterogeneous
composition of a thermoplastic in a continuous phase, a thermoset rubber
compound dispersed in said ihermoplastic as'a discontinuous phase, and a lubricant
dispersed in said thermoplastic. | |
y 20 3. Abearing assembly according to claim 2 wherein said thermoplastic
| comprises a thermoplastic polymer. , :
4. A bearing assembly according to claim 3 wherein said thermoplastic
polymer is an ultra high molecular weight polyethylene.
s, A bearing assembly according to claim 2 wherein said thermoset
25 rubber compourid is a previously cured rubber compound having a iow friction
property, and'being resistant to oil and water. o
6. A bearing assembly according to claim 2 wherein said lubricant is
selected from the group consisting of graphite, molybdenum disulfide and silicone
 oil. - |
30 7. A bearing assembly according to claim 1 wherein said bearing
corhponent with the discontinuous surface comprises a set of lands extending
transversely to the central axis, said'laods being spaced from an adjacent land and

forming grooves transverse to the central axis between said lands.
- AMENDED SHEET



8. A bearing_assenbly according to claim?7 wherein SEPGT‘uS&J /06 lill-l
conponent has a predeterm ne Ickness, and the separat m:g sglprrg
grooves i s Iarge’rmﬂ : ' ess. 9. A bearing a Gr 1998
to claim8 wherei mm Hi" ﬂﬂis 5 about one third larger than said
t hi ckness. 10. A*befrihg rasse y according to claim 1l wherein said
‘bearing conponent is at |east one bearing e. 11. A bearing assenbly '
according to claim 10 wherein said inner § ice has a cylindrical '

configuration, and sa d st . ' ' A [.al A r..10.. rtion
of said inner surfac%,' sai‘%%%ghn%%ﬁ%%%ﬁ‘ggﬁancg%{%# ?\cq’dﬁﬁage ﬁ%‘e g%‘floﬁ%ﬁﬁlg
menber s engagi ngompondit hés & predeteprhirdithickesss, ang thosgparatioh beewén Raldtiroéves

means connecting said elastonmeric nmenbers to said outer shell. 12. A
bearing assenbl y5 1aEges tham spid ghigkngssn 11 wherein sai d hol di ng means -

conpresses and defor sai ' S tQ.cO ' E | 15
c;)rrponegg engiggd by@éa&g%@%ﬁ%@?%;&e%%@gﬁ%ﬁ%ﬁgg%ﬁ %gﬁggﬁ%ﬁétﬁlﬂ
pl ace. .5 bauiti diig third dadpey tHaaaidithidkness. cl ai m erein said stave
conprises slippery polyner allaqy. 14. A beari ng assenbly according to

9

claim 1 wherein said 1§ scohtheatibg sassembly cacsording o £laim | Wherein paigt begsings
on sai d bearing | . | rdly towards a shaft in said
beari ng assenbl ﬁ?ﬁgﬁéﬁﬁﬁfﬁﬂeﬁrﬁégﬁﬁom act nmeans, said contact

means conprising a pliar al i A pesringassdniblyascordingito clairn 10 avliersig sditl énrreh sirface
sai d protuberances functioning as hydrodynam c bearing surfaces when the

shaft is fluid hawe edindgicah configuratinn, andsaid stave|iy previdediongtheradialjinger

“her ei 4. beari " . | _ |
6l astoner . 30q° Boih said SR HifRLe, S oriiohetk Bind AHld B ho BT EAERhC 2"
pol ymer al |l oy. hfemberd\ehgaping)gpposite sidey oﬁ@ﬁdrhéhﬁggmmp&g@nn drld héldingi meami d

beari ng

connecting said elastomeric members to said outer shellg-‘a _
12. A bearing assembly according to claim 11 wherein said holding
means compresses and deforms said elastomeric members to compress said bearing
15 component engaged by said elastomeric members to hold said component in place.
13. A bearing assembly according to claim 10 wherein said stave
comprises slippery polymer alloy. '
14. A bearing assembly according to claim 1 wherein said discontinuous
| surfaces comprise a plurality of walls on said bearing component extending
Ny 20  inwardly towards a shaft in said bearing assembly, said walls defining said contact
means, said contact means comprising a plurality of protuberances for contacting
the shaft, said protuberances functioning as hydrodynamic bearing surfaces when
the shaft is fluid Iubricated. |
15. A bearing assembly according to claim 14 wherein said bearing
25 component comprises a bottom layer composed of an elastomer, and a top layer
having said walls and composed of slippéry polymer alloy. '
16. A bearing assembly according to claim 14 wherein said bearing
component comprises a bottom layer compdsed of slippery polymer alloy, and a
top layer having said walls and composed of slippery polymer alloy.
30 17. A bearing assembly according to claim 1 wherein said discontinuous
surface comprises a plurality of protuberances on said bearing component extending
inwardly towards a shaft in said bearing assembly, said protuberances defining said

contact means, said contact means comprising a plurality of protuberances for

AMENDED SHEET



co;rrponent c-orrpr! ses a bottom | ayer conposed of slippery m;‘es % I7oy geéci‘_ 41
a top layer having said walls and canposed of slippery pol ygar . 30
s wEAUS 8.APR 1908

17 A bearing assenbly according to claim1 wherein sai
surface conprises a plurality of protuberances on said bearing conponent
extending inwardly towards a shaft in said bearing assenbly, said

pr ot uberances defining said contact neans, said contact neans conprising a
plurality of protuberances for . -22/2- C&R@éafing t he shaft, said

pr ot uberances functioning a RygégdynaniC'bearin surfaces when the shaft

is fluid | ubri c§PRgetng the shaftj,said; prgtubsranges BIng; &y hydrodynamic bearing

wherein said prgﬁffg&gqafﬁsm@r i@ ARRe . 5 19. A bearing
assenbly according to claim fgat\?\kl%rel nlu?gil )eari ng conponent conprises a

bottom | ayer conposed8of aA dearitgnassemblyd acconling ayer claimyi 19 Sehieflein  said
pr ot uberances and c osed of_ slipper ol ymer alloy. 20. - A bearing
assenbly accordipﬁ‘gtuggpaﬁ‘l"e&iqw m&gﬁai d bearing conponent conprises a

bottom | ayergconpose f shi %ﬂﬁgr - . I gﬁe i ng
sai d protuberances a(rJIi 'corr%osegh%fags_ I'p earcg&lg%?/%/trfgreﬁé |‘é€.‘”’%§$“ E%%ﬁl_ng
assenbl y accor dicompboent! aompfisesvdhbottom lsyer dompasedief aelastomet, dnd Atop! lagart
two bearing stayes. 22, A bearing assenbly according.,to claim2l1 wherein
said staves ar e‘éﬁ'&gmp’é’ﬂ‘if’rﬂcgbg@gW’BW%i% ﬁ?‘HH@W polymer-dloyhout sai d

\?\ﬁgﬁ (raﬁln 2)6(1: 3 sggves a2r0é di2§|'oboese. P%%#%gi%g&g@e%o@%;ﬁa%g}%%%ngﬁi
A bearing assenicbmpenentrabmpyises adiottom Ryembamposed ofistippérs\pedymerealloy, and a
10 top layer having said protuberances and composed of slippery polymer alloy.
- 21. A bearing assembly according to claim’1 wherein said bearing
conip_onent is at least two. bearing staves. 8 . _
22. A bearing assembly according to claim 21 wherein said staves are
equiangularly disposed on said inner surface about said central axis.
15 23. A bearing assembly according to claim 22 wherein said staves are
disposed to provide a zero clearance bearing.
24. A bearing assembly according to claim 21 wherein said staves are

three in number located approximately 120° apart, with two upper staves located

approximately 30° above a horizontal line and the lower stave located
] 20  approximately 90° below the horizontal line. |
v/ 25. A bearing assembly according to claim 21 where said staves are

integral with said outer shell.
26. A bearing assembly according to claim 21 wherein said outer shell
and said staves are composed of slippery polymer alloy.

25 27. A method of making a bearing component from slippery polymei
alloy, the bearing component having a bearing surface composed of a set of
protuberances for engaging a shaft rotating relative to the bearing component, said |
method comprising: _ '

placing a polyester sheet on a bearing material made from slippery

30 polymer alloy before the slippery polymer alloy is melted and molded;

o pressing the polyester sheet into the bearing surface of the slippery
polymer alloy bearing material with a fabric having a pattern for producing the

wewoser I

protuberances;



thar ee in nurtber | ocated approximately 120[err] apart, w't p@e?fgéeﬁhl

| ocat ed approximately 30[err] above a horizontal |line and t ower

| 6cat ed 20 approximately 90[err] bel ow the horizontal |ind @e%Pquggg
assenbly according to claim?21 whére said staves are.integral wt hsa

‘outer shell. 26.° A bearing assenbly according to claim 21 wherein said

outer shell and said staves are conposed of slippery polyner alloy. 25
27. A met hod of nmaking a bearing conpon%ﬁ?%@m slippery polyner all oy,

t he bearing conponent havin bear surface c osed of a set o

prot uber ances for engagi ng"g’@ﬂ I‘E ?15’3’591 éﬁ&%’“ﬁd@ﬂ@%ﬁ%ﬁﬁhﬁﬁaﬂd the
material made ?r*?;héﬁ’?%%&‘er‘9“%8*%%P““f‘dﬂ“ﬂ%§%h*ﬁ%*@5&%“e§ftts%%é%ﬁﬁi{ yer
alloy is nelted and nol dedgoglingsthersiippéry padymersaltoy. sheet into the bearing
surf?tce offthe sl ijppeéé {)gléyrrer léﬁ?é E,earig tgef;qla@qe\émbth a@fﬂg%lcgm%ﬁng
a.pattern for produci E}t‘@b ga‘#tﬂ acqor r
alloy with the p@h%ﬁiﬁfepﬂl?&ter%ﬁ@eﬁr?ﬂ;‘;?ﬂb“ c pressed into bearing surface

under a curing heat and preSsure; and cooling the slippery polyner alloy.
28. ‘A net hod of nak2®g aAbamhodgobmakmgembemrg)coihpkglehDacdoadmg%’ehnnzs

Sonponent - ackor VRl e 0Vl 3eS 1BlcknfS of 0 M BebtRas o ¢ hi cknees of 0. 003
inches. 30. A methoggof nRkichtbdPofRaking%a HEARRY Edthpitehf hétiohding Go ™7 7
' ' wherein the steps of curing comprises activating a mold on the slippery polymer

10 alloy with polyester sheet and fabric thereon, to press the polyester sheet and fabric
. | into the bearmg surface and moldmg the slippery polymer alloy.

' 31. A method of making a bearing eomponﬁt according to claim 30
comprising spraying the fabric with a mold release prior to closing the curing
mold. _ _ _

15 32. A method of making a bearing component according to claim 30
wherein the step of molding comprising closing the mold at a pressure between
1,000 psi and 1,500 psi at a temperature of approximately 350°F.
33. A method of making a bearing component according to claim 32,
- _ wherein the steps of closing the mold at a pressure of between 1,000 psi and 1,500
C,) 20 psi ata temperature of approximately 350°F is done for approximately 0.5 hour.
o .34, A method of making a bearing component according to claim 32
wherein the step of cunng further compnses cooling the mold to the ambient
temperature.
35. A method of making a bearing component according to claim 27
25  wherein the bearing componerrt is a bearing stave.

36. ' A method of making a bearing component from slippery polymer
alloy, the bearing component having a bearing surface ‘composed of a set of
diamond shaped protuberances directed inward to form hydrodynamic bearing
surfaces when fluid lubricated, said method comprising:

30 placing the slippery polymer alloy before molding in a rubber mold
having a pattern for formirlg the promberarrces; and
heating the mold to the proper temperature to form the

AMENDED SHEET W) ) IIIl
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V\,hkerei n the steps of curing conprises activating-.a nol dMj! s 9 p}b’ 441
pol ymer 10 alloy with polyester sheet and.fabric:theregn, g /i
pol yester sheet and fabric into.the bearing surface and - 1998

slippery polyner alloy. 31. A method of “iakifg a bearing conponent
according to claim30 conprising spraying the fabric with a nold rel ease
prior to.closing the curing nold. 15 _32. A net hod of making a
beari ng conponent according to claim 30 w M the step of nolding

conprising closing t nol,d_a essure petween 1,000 psi and 1, 500 psi
at a tenperature of gz'proﬁ ﬁﬁhﬂ%yg{ B ggm@g.commnﬁ%ttfﬁgerﬁqg i klai 3%’
bearing conponesrd Affher dbmprising Plaving 3 polyebRf Shedt bbGy Slrirfp! it e
mold at a pressure of bet Wgen %?Ooéﬁgpsf%éand 1,500 20 e%%fsi‘llffégt a t%?n%ggg%&'ure
of approxi mat el the3saldeprigrRoimoldinge f or approximately 0.5 hour. 34.

A
met hod of making a bgaring co nent according to claim 32 erein_the step
of curing further coﬁgri sgsm(’?ﬁ&%]?#g grf‘bg ¢qraponept acor e&ﬁ%&%ﬁ
35. A et Bod Rherdkintpalyddtaished is Mpaient according to clai m 27 25
wherein the bearing conponent is a bedring stave. 36. A nethod of naking a

- bearing conponent fr3% sl iAppethodpof makingad bearing toampxnent according do ebdimha® i ng
"a bearing surface conpo of, t. gf dj.apond shaped protuberances
directed inwar qwﬁﬁe}%WWdﬁ9@§i%&Eéghcﬁg surfaces when fluid _
l'ubricated, said metod cahietidd6f making a bearing comporhfaéddgdihh Go TIAiRPTS Y
pol ymer alloy before nolding in a rubber nold having a pattern for formng

t he pr ot uber ancwheregnthethearing gomponent|is| athgaring staveper tenperature to form

t_ﬂr_.]_e prot ubelroa nces- 4. A method of making a bearing component for a bearing assembly,

I
T i

the bearing component comprising a bottom layer of efl‘gstomer and a top layer
having protuberances for engagmg a shaft in the bearir&assembly, said method
comprising: .

applying a plate or fabric shaped to produce protuberances on the

15 bearing component for establishing hydrodynamic bearing surfaces when fluid

lubricated, against an elastomeric/plastic component;

molding the elastomeric/plastic component and the plate or fabric to
produce the protuberances; and

adhering the bearing component to a rubber backing sheet;

20 : the elastdmeric/plastic component with the protuberances being the

top layer and the rubber backing sheet being the bottom layer. |

42, A method of making:a bearing component for a bearing assembly
according to claim 41, wherein the elastomeric/plastic component is slippery
polymer alloy. :

25 43, A method of making a bearing component for a bearing assembly
according to claim 42 wherein the plate or fabric is a polyester sheet and knit or
loosely woven fabric, the polyester sheet being placed agamst the slippery polymer
alloy component, between the éomponent and the fabric.

44. A method of makmg a bearing assembly comprising a bearing

30 component having a bottom layer of elastomer and a top layer having
protuberances for engaging a shaft in the bearing assembly, and a ﬂeaﬁng hohsing,

said method comprising:

AMENDED SHEET ‘) 0 D
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37. A met hod of meking a bearing copponent acgording t 397%@6 441
further conprising placing a pol yest er sheet ‘between the 1{998
and the nold prior to nolding. 38.  Amet héd of maki ng a bearing corrponen
according to claim36 5 wherein the pof yester sheet is Mylar. 39. A

met hod of maki ng a bearing conponent accordi ng to claim37 wherein the
" Mylar is 0.003 inches thick. 40. A net ho k| ng a bearing conponent
according to claim 35 wherein the bearing™ is a bearing stave. 10

nen
41. A nethod of making ﬁpﬁ?ﬁa"g'a[‘?la?é)ﬂp%ﬁats %ﬁé(% @%ﬁg&;&‘gmg?o%%ﬁ&yon

beari ng conponent. conprising a bottom|ayer o a top layer
- havi ng pr ot uberbeatiog mmpcmevga@m@tablshuigt hydrodyranije chearing sarfacds| whers dluid

. met hod conpri sing:. | yi n e or fa |c shaped to produce
" protuberances oﬁgpﬁ%g@?/g@@& {?ﬂﬁ"ﬁ g‘b‘l'i shing hydrodynani c
bearing surfaces when fl ujgh (Ihng” Ciiibin ﬁlmc@]ﬂﬁﬁwébthbéﬁgﬁEto

conponent; nolding the elasto tic conpo t an
- fabric to prSodupredudectherprotmberancescto; pradutethie dop tayet;he bearing conponent to

. a rubber backing sheet; t he el ast one sti.c conpohent
. with the protuberances bePW?BB%@mWf%mﬁ%ﬁ@Pp%gm E"%Eéﬁ
' being the bottog[hgtgmgfbaéﬁn% she%tBEih %B%&ﬁhhﬁ& gndearing conponent for a

- bearing assenbly according to claim4l rein the el astomeric/plastic

. conponent is slippery pol ynmhlngﬁloylasmﬂbaclungslmetmthﬂbmigdubusmgmm a
. bearing conponept for a bear i ng assenbly according to claim42 wherein the
' plate or fabric b sheet and knit or:

10 45. A method of making a bearing component for a bearing assembly,

e the bearing component comprising a bottom layer of elastomer and a top layer

having protuberances for engaging a shaft in the beanh assembly, sa1d method
comprising: .
- applying a mold shaped to produce protuberances on the bearing
15 component for establishing hydrodyn‘amic bearing surfaces when fluid lubricated,
against a slippery polymer alloy component;
molding the slippery polymer alloy component and the mold to
produce the protuberances; and |
, adherihg the component to an elastomer backing sheet;
g 7y 20 the component with the protuberances forming the top layer, and
elastomer backing sheet forming the bottom layer.

_

RO A0
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| cosely woven fabric, the polyester sheet-bein —the slippery
pol yner all oy conponent, between the- conponent. 3 A4 A

nmet hod of making a bearing assenbly conprising fa p T nent
having a bottom | ayer of elastonmer and a top | rances for
engaging a shaft in the bearing assenb22/6and al b sai d

nmet hod conpri si ng: applying a plate or fabrif & e

pr ot uberances on the bearing conponent for esta Ilshlng hydrodyn m c
bearing surfaces when fluid |ubricated, againstlan—etastomeriTt/Pprastic
conponent ; nol di ng the elastonerlc/plastlc conponent and the plate or
~fabric to EAG.prdeearhngpasbahbﬂ.gnaecpt’dlpgochmeclémntzpwheymn asHbd i ng

t he bearing conpaonent tp a | ast oner . backi heet, eIa t orter backi ng’
sheet bei g t he HABmM ?'%S"g‘l’ge%ndaat {:Bﬁﬁ?‘ﬂé‘{lgﬁglﬁl a?tlé VIS hedt to

the bearing houswﬂgﬁﬁéé@ksftae reaétnsoafésabbxsunag/mch bafééd orf &t hod
of ‘maki ng fa bearing conponent for a bearing assembly, the bearing conponent
conpri sing a botXzaxd |wyenotethed atnpact tast a(AYPM|25@) - havi ng protuberances
for engagijng a shaft in the bearing assenbly, said method conpri sing:

appl yi ng nol d shaped to produce protuberances on the bearing 15

conponent ffor establishing hydrodynani ¢ bearing surfaces when fluid

| ubri cated, against a slippery polyner -all oy conponent; nolding the
slippery pd%nerA abeaylngrrp@wnglxn@qmdmgd to platmcg wheneis wridnces:

and thermoplastic polymer has a breakaway coefficient of

static friction at 0 rpm of no greater than 0.20.

48. A bearlng assembly accordlng to clalm 2 whereln sald

‘thermoplastlc polymer has. a breakaway coefflclent ‘of

static at 0 rpm of no greater than 0.15.

) G



adhering 't he f\:’o‘*rrponent to an el astonmer backi ng sheet; 20 he
and el ast%

1

9%05094-F

conponent with the protuberances formng the top |ayer,
backi ng sheet form ng the bottom | ayer.

having at

oughness of at

un- not ched i npact PMET (ASTM 258RLD BTELLES

claim2 wherein said thernoplastic. po r
static fr|ct ERERNATIONAL aPRCAON PLBLISHER

-22/6- 46. A bearing assenbl
according to claim2 wherein said alloy includes a thernopl asti c gt i
| east 30 foot-pounds/inch based on an |

Cleen
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(54) Title: GROOVED STAVED BEARING ASSEMBLY

(57) Abstract

A bearing assembly (210) for supporting a drive shaft (223) of a ship wherein the shaft is generally to be supported by such bearing
assembly in a horizontally extending position. The bearing assembly has a housing (215) with a cylindrical shell mounted therein having a
central bore with a longitudinally extending central axis. The shell has a plurality of circumferentially spaced staves (240) provided therein
which project into the central bore to support the drive shaft. The staves have transverse grooves provided therein.




