MEFHCOD: AND APPARATUS FOR APPLYI NG LUBRI CANT TO A HYDRODYNAM C BEARI NG CROSS
REFERENCE TO RELATED PATENTS 5 The present invention is related to
the subject matter of United States Patent Nos. 4,795,275 for "Hydrodynam c
Bearing", issued January 3, 1989; 5,067,528 for "Hydrodynam c Bearing",
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BACKGROUND OF THE INVENTION

The present invention relates generally to
hydrodynamic bearings. More particularly, the
present invention relates to a method, and

20 associated apparatus, for applying a fluid lubricant
to a hydrodynamic bearing.

The fluid lubricant is applied to the bearing
to fili clearance spacés separating moving parts of
the bearing. When fluid lubricant is_apﬁlied to the

25 bearing to fill the clearance spaces according to
the teachings of the present invention, problems
associated with pockets of trapped air in the
bearing are minimized. In particular, pockets of
air tfapped in the bearing during application of the

30 fluid lubricant to the bearing are ¢ollapsed, and
thermally-related expansion of the pockets of air,
once collapsed, does not present problems during
operation of the bearing.

Many types of bearings and bearing assemblies

35 are commercially available tor use in many different
types of devices. Conventional radial bearings and

conventional ball bearings are examples of types of



2 bearings which are comercially available and widely utilized. A disk
drive assenbly is exenplary of a device which utilizes bearings. A disk
drive assenbly is a 5 conput er mass storage device from which data nmay
be read and/or to which such data may be,witten. Generally, a disk drive
assenbly includes one or nore randonl y-accessi ble rotating storage nedia,
or disks, on which the data is encoded. An inner 10 di aneter of the
disk is affixed to a hub which is rotationally coupled to a stationary

spindl e shaft tﬁéa"kiﬁiqé wiidheareNgommePly 8Nlyo R/ iVt AtAld dRakiid@sy The pair
of bearings is tépuca |y formed of an upper bearing and a | ower bearing. 15
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height. As a shQidfland)didits shath sachedditaCthay e IRAE LG bet ween the
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by a pair of bearings, conventionally ball bearings.
The pair of bearings is typically formed of an upper
bearing and a lower bearing.

15 As disk drive assemblies increasingly are
constructed to be of reduced heights, the length of
the spindle shaft and the spacing between the upper
and lower bearings must be reduced. That is to say,
as the height of the disk drive assembly is reduced,

- 20 a proportionately shorter spindle shaft must be
accommodated within the disk drive assembly of the
reduced height. As a shorter spindle shaft is
required, the spacing between the bearings must
correspondingly be reduced.

25 As the upper and lower ball bearings must be
spaced apart by shorter distances and the .
concomitant trend towards smaller nonrepetitive run-
out (NRRO) and higher spin rates, continued use of
conventional ball bearings increasingly becomes a

30 problem. 1In particular, shorter spacing between the
bearings results in reduced tilt stiffness and a
reduced rocking mode frequency, either of which, if
severe, can cause drive failure of the disk drive

- assembly.  Additionally, lubricant film thicknesses

35 associated with ball béarings are inherently very

thin and little attenuation of surface defects and



35: . associated with ball bearings are inherently very thin and little
attenuation of surface defects and 3 inperfections in the ball bearings
is provided by the thin lubricant film Large anounts of repetitive runout
or repetitive path deviation traced out Ry the spin axis of the spindle
bearing 5 can result. Such runout and path deviation, if severe, can

al so cause damage to the disk drive assenbly. The aforenenti oned United
.States Patents, Patent Nos. 4,795,275; 5,067,528, and 5,112,142 all 10
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therein are of particular utility in overcoming the
inherent disadvantages of conventional ball bearing-
supported spindles utilized in a disk drive

15 assembly.

The hydrodynamic bearing'includes'a lubricant
film of a fluid lubricant applied to clearance
spaces formed between sliding metal surfaces of the
bearing. The lubricant film provides a high degree

20 of viscous damping and, when used in substitution
for conventional ball bearings in a disk drive
assembly, permits increased tracking performance to
be achieved by the disk drive assembly. Increased
tracking performance is advantageous as increased

25 drive track densities of a disk and, hence,
increased storage capacities of a disk are
permitted. Additionally, the lubricant film further
serves to dampen external shock and vibration.

Typically, once a hydrodynamic bearing is

30 assembled, a lubricant is then applied to fill the
clearance spaces separating moving parts of the
bearing. During application of the lubricant,
pockets of air or other gasses existent in the

- bearing can become trapped in the bearing. For-

35 purposes of simplicity, the term "air" shall herein

refer to any gaseous media. During operation of the



beari.ng. During application of the |ubricant, pockets of air or .other
gasses existent in The bearing can become trapped in the bearing. For 35
purposes of sinplicity, the term"air" shall herein refer to any gaseous
medi a. During operation of the 4 bear, ng, heat is generated, and the

t hermal - expansi ve properties of the air pockets cause the volunetric

di nensi ons of the air pockets to increase responsive to the heat
generation. Such increased 5 vol unetric dinmensions of the air pockets

can cause the LubrifgNthd#£r bes ggg Hnd hendeenéaps a result  of
expansi on of the air; pockets. er ef or caye nust be exercised to mnimze
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It is with respect to these considerations and
other background information relative to
hydrodynamic bearings that the significant
improvements of the present invention have evolved.
15
SUMMARY OF THE INVENTION
The present invention advantageously provides a
method, and associated apparatus for implementing
the method, of applying a fluid lubricant to a
20 hydrodynamic bearing. Pockets of air trapped within
the bearing during application of the fluid
lubricant to bearing are collapsed into very small
volunmes.
The method and apparatus of the present
25 invention permits the fluid lubricant to be applied
to a large number of hydrodynamic bearings in a
short period of time and is amenable to an assembly
line-like process. Any pockets of air which become
trapped within the bearing during application of the
30 lubricanf thereto, are collapsed, thereby to avoid
problems associated with thermal expansion of air
trapped in the bearing during operation of the
bearing. Other problems associated with pockets of
air retained in-the bearing are additionally
35 avoided. For instance, cavitation of bearing parts
is avoided.



trapped. wthin the bearing during application of the 30 | ubri cant
thereto, are collapsed, thereby to avoid problens associated with thernal
expansion of air trapped in the bearing during operation of the bearing.
Qt her problens associated with pockets of gair retained in the bearing are
additionally 35 avoi ded. For instance, cavitation of bearing parts-is
avoi ded. ‘5 In accordance with the present invention, therefore, a

nmet hod, and associ ated apparatus, for applying a fluid lubricant to a
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a bearing to whichaf 1bri cant ) ) i'ng operation of an
25 ekBodi reFhed, the fluddnidubpnieantods applied to the

clearance spaces and the clearance space pressure
levels are returned to levels above the reduced
pressure levels.
A more complete appreciation of the present

1S invgntion and the scope thereof can be obtained ffom
the accompanying drawings which are briefly
summarized below, the following detailed description
of the presently preferred embodiments of the
invention, and the appended clainms.

20
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a sectional view of a hydrodynamic
bearing exemplary of a bearing to which a fluid
lubricant may be applied during operation of an
25 embodiment of the present invention.

Fig. 2 is a partial functional block, partial
schematic diagram of an apparatus of an embodiment
of the present invention positioned together with a
hydrodynamic bearing to apply a fluid lubricant to
30 the bearing.
Fig. 3 is an end view of an alternate
embodiment of the present invention taken from a
first end thereof.
Fig. 4 is a longitudinal, sectional view of the
35 apparatus of an embodiment of the present invention



" Fig. .2 is.a partial functional block, partial schematic diagram of an

appar atus of an enbodi nent of the present invention positioned together

wi th a hydrodynam c bearing to apply a fluid lubricant to 30 t he

bearing. Fig. 3 is an end view of an altesnate enbodi nent of the present

I nvention taken froma first end thereof. Fig. 4 is a |ongitudinal,

sectional view of the 35 appar atus of an enbodi nent of the present

i nvention 6 positioned together with a hydrodynanmic bearing to apply

fluid | ubri cant pesitHienedatioggthergwith g hydrod¥namiot hearing ctmat e
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Is nmerely an exenp g and at the teachings of the

present invention can be 15 utilized to apply fluid lubricant to many
other constructions of hydrodyngigga 368 igkSerRIPAoREar i Ng 10 incl udes an
outer sleeve 12. The quter sleeve I nClrudes an r.nner portion 14 of a

reduced inner di amet EA9-Alspddustratespashydeadyngmic bearingn the sl eeve
12 and rerativeshQWQtP@hgkammyeatnuobebmeﬁﬁlahy shadt pdér _ tde sleeve 12
&d

out or ol bhve 129paEtk BT LA HCARBERENY, havoRe crpafLEd adBing, The hel d
operation of an embodiment of the present invention.
It should be noted at the outset that the bearing 10
is merely an exemplary hydrodynamic bearing and that
the teachings of the present invention can be
15 utilized to apply fluid lubricant to many other
constructions of hydrodynamic bearings.
. The bearing 10 includes an outer sleeve 12.
The outer sleeve 12 includes an inner portion 14 of
a reduced inner.diameter. A shaft 16 is positioned
20 within the sleeve 12 and relative rotational
movement between the shaft 16 and the sleeve 12 is
permitted. The shaft 16 may be held in a stationary
position and the outer sleeve 12 rotated. |
Alternately, the outer sleeve 12 may be held
25 stationary and the shaft 16 rotated, or both the
sleeve 12 and shaft 16 may be rotated, but at
different rotation rates.
In the embodiment illustrated in Fig. 1, the
shaft 16 further includes a recessed portion 17
30 defining, or separating, bearing shaft portions at
opposing, axial side portions of the shaft.
Thrust plates 18 and 20 positioned at opposing,
axial sides of the beafing 10 are affixed to the
_ shaftils, thereby to rotate together with the shaft
35 or to be maintained in a stationary position with
the shaft. Static seals 24, here O-ring seals, are



25, . stationary and the shaft 16 rotated, or both the sleeve 12 and shaft
16 may be rotated, but at different rotation rates. In the enbodi nent
illustrated in Fig. 1, the shaft 16 further includes a recessed portion 17
- 30 defining, or separating, bearing shaft portions at opposing, axial
side portions of the shaft. Thrust plates 18 and 20 positioned at opposing,
axi al sides of the bearing 10 are affixed to the shaft 16, thereby to
rotate together with the shaft 35 or to be maintained in a stationary
position with tpesihibdhed tatformeseslibetweenCthenthseats, are 7

positioned to f r | afes a d e shaft
16. The seals ﬁ%%s%%rgﬁé%%ﬁ%%%;n%ﬁ Egr?Eént%ﬁgaggagga?gnagtghe
boundari es of toRexatise B0 prevamt ashgbrbcant ipakage algngf thes. d earance

spaces 26, 28, phth@res SPrelkd Btyeenpiliees! £8vend228ndnihenghaft 16 and:
thrust plates 18 and 20. The C earance spaces 26, 28, and 30 define

separatidﬁ di stShrks %%parating the sl eeve 10 12 and the shaft
16/thrust plate 18 arleafancehspace®n26 Moze, pandi 80l areyfothedc| earance

space 26 is def,in between_i he S I S r,20 d | eeve 12
and extends to ?%g %ﬁ%éﬁg c%i%%%%giggén#ﬁgﬁglEéggﬁc%gsﬁggetgggﬁg defi ned
bet ween i nner spliatds 18 ampdr20onsTheé €hearancet spaaees268 8B,2@ndnd end

i des of ‘the | nieradPiad Weddrf 160 1 PLERNEd %8R8, 8L i R dENEOSHEE E! carance

space 30. And, ear ance space I ne et wee e I nner portion
of the st®eve 132 ARA tHhe sPhatft 136/ tineust catakee18pands290 26, 28, and

30 are toget hercdmbinat o 0NN & b PPiceldr 1pPgether cleafunck! dpdcpat h or
pat hway extendlgg is defined between the thrust plates 18 or 20 and -
' the sleeve 12 and extends to the clearance space 28.
The clearance space 28 is defined between inner side
15 portions of the thrust plates 18 or 20 and end sides
of the inner portion 14 of the sleeve 12 and extends
to the clearance space 30. And, the clearance space
30 is defined between the inner portion of the
sleeve 12 and the shaft 16. The clearance spaces
20 26, 28, and 30 are together in fluid communication,
and together form a fluid path or pathway extending
from an outer surface of the bearing 10 into the
interior of the bearing. The clearance spaces are
quite narrow. For instance, the cleafance space 30
25 can be of a width of between 0.0002 and 0.001
inches, and the clearance space 28 can be of a width
of between 0.0005 and 0.002 inches. '
A fluid lubricant is applied to the bearing 10
to fill the clearance spaces 26, 28, and 30. The
30 fluid lubricant may, for example, be formed of an
oil. _

" The hydrodynamic bearing 10 illustrated in the
figure further includes an axially-extending
passageway 32 and a radially-extending ..

35 passageway 34. The axially-extending passageway 32
is arranged about a circumference of the sleeve 12



from.an. outer surface of the bearing 10 into the interior of the bearing.
The cl earance spaces are quite narrow. For instance, the clearance space 30
25 can be of a width of between 0.0002 and 0.001 inches, and the

cl earance space 28 can be of a wdth of lgetween 0.0005 and 0.002 inches. A
fluid lubricant is applied to the bearing 10 to fill the cl earance spaces
26, 28, and 30. The 30 fluid lubricant may, for exanple, be fornmed of
an oil. The hydrodynami c bearing 10 illustrated in the figure further

i ncl udes an axiaald wmtlmr&rng:omiwa\naxth’&emfd aarrdacﬁhai Insadatlayéi ng 35

passageway 34. xraII g Rass | arranged about a
circunference SFEF% é %? 8 an& ﬁSQ%ﬁﬁ% éﬁ off 14 thereof, and
the radially- e»atrmmfreg‘ep@gs@gem Mewearlﬁangdﬂleimasawemary@rmerence of
the sleeve 12. 5 Y § I 48 25 N BetVR I zation
cleirance spacege%gS%éepéau 24 b B

between the 5 Because r ative rotation nust be
permtted betva%¢QHQEQSU§§PQQSeeve 12 and the shaft 16/thrust plates 18 and

20, dynam c seals amda@%u &@dattqvl&erfdtrareq@natmddtewé @ﬁrm(tete'aoaces 26 to
Dot e s R Slnske'y % RO WISt Wi Slerance
formed by surf@daﬁesns.rsorandaprol I dryyxama:l seamse a:zqorﬁelm;reﬁ_ea:lcs kar e fornmed
Wi oh 11 1Ts t ne g, B £he CAERrbRAY Bhaes' 26 g, Bheyent deaARdEEN e
rel ati véOanbi ef ahurbrprcemuféuaddppsés:s'mdoﬁrt thef laliedriamee cant, and by
the dimensions sQfadeld€ Chp2tRARCEmbodiment illustrated in the
figure, the dynamic seals are formed by surface
tension capillary seals. The capillary seals are
formed by a balance between the surface tension of
15 the fluid lubricant which fills the clearance spaces
26, 28, and 30, by a balance between the relative
ambient air preésure and pressure of the fluid
lubricant, and by the dimensions of the clearance
space 26. The formation and function of such
20 dynamic seals are discussed in greater detail in the
aforementioned patents.
Once assembly of the bearing 10 is completed,
the fluid lubricant must be applied to the clearance
spaces 26, 28, and 30. As the clearance spaces 26,
25 28, and 30 are in fluid communication with one
another and to the exterior of the bearing 10, the
fluid lubricant can be poured, or otherwise applied
into the bearing to f£fill the clearance spaces and to
form the dynamic seal at the clearance space 26. As
30 mentioned previously, as the fluid lubricant is
applied to the bearing, pockets of air or other gas
can become trapped within the bearing, such as at
the clearance spaces 28 -or 30. As noted previously,
for purposes of simplicity, the term "“air" shall
35 refer to any gaseous media. Large air pockets can
not be present during operation of the bearing;



space 26.. The formation and function of such 20 _ dynamic seals are

di scussed in greater detail in the aforenenti oned patents. Once assenbly of
the bearing 10 is conpleted, the fluid lubricant nust be applied to the
clearance spaces 26, 28, and 30. As the cl &rance spaces 26, 25 28, and

30 are in fluid comuni cation with one another and to the exterior of the
bearing 10, the fluid lubricant can be poured, or otherw se applied into

the bearing to fill the clearance spaces and to formthe dynan c seal at

the cl earance spaetheswipg, Jeat ene¥dy WRRETARA XY iNg LPYFAL ¥R f

lubricant is appl tgd beatifgbeahi Esus@oeket$iPfpadKetts © hexpas, can becone
trapped within the bearing, such as at _the clear ﬂglﬁﬁqgest or 30. As
noted previously, tP6FepY BEeaEing thepfyramie sept (Lorhed;d fall 35

refer to any gaseelearertca. spaeege26i angochkexreby araumnindged psetsarge dof i ng
operation of the hgarifgiq 1ugrfégg§weﬁg%eg@@t-energy gener ated during
i'ng cause

operation of the bear can hé arr pockets to expand, thereby
breaki ng the dynami c sBag.farkkiustrates c eaming s %S SHOWhd t her eby

causi ng di schar gegghePally 4£€s56! Utd THDER CANE i ¢dE 8 Imedbér 2 idhdiStrat es
a bearing, here shown generally at 50, to which a first_cap_penber 52 and a
second cap nenber 2358€5PRAFRRCRAEAPEN 34 1 aFR 1attArhetherTBS FrSH<FAP oned

about a first axifenbe#lesilis poPPtidnedcdbdie depirsy aviahdside second
boaring. ThE cap BERbAPS SE ERB BafriRE PR e SEON THB FUEE v
side portions of BHeibepositisfedfabouton secomnd|axialletderpertpames of 15
the bearing 50 copegpangding;fg. t Mn&! £3h MERHSPAECES and 54, when
' positioned about the respective side portions of the
bearing 50, function to isolate clearance spaces of
15 the bearing 50 corresponding to the clearance spaces
26, 28, and 30 of the bearing 10 shown in Fig. 1.
A first fluid line 55 extends beyond the body
of the cap member 52 and extends to a vacuum
source 56 by way of a valve member 58. A second
20 fluid line 62 also extends beyond the body of the
cap member 52 and extends to an:ambient, or,
alternately, a controlled, pressure level source 64
by way of a valve member 66. The ambient pressure
level source 64 may be an atmospheric pressure level
25 source wherein the valve 66 vents to the atmosphere
when in the open position. A third fluid line 68
further extends beyond the body of the member 52 and
extends to a fluid lubrication source 72 by way of a
valve member 74. '
30 The cap member 54 similarly includes a first
fluid line, here fluid line 76 extending to the
vacuum pressure source 56 by way of a valve
member 78, a second fluid line, here fluid line 80
extending to the ambient pressure level source 64 by
35 way of a valve 82 and a third fluid line, here fluid



26, 28,. and 30 of the bearing 10 shown in Fig. 1. Afirst fluid [ine 55

ext ends beyond the body of the cap nenber 52 and extends to a vacuum source
56 by way of a val ve nenber 58. A second 20 fluid line 62 al so extends
beyond t he body of the cap nenber 52 and ggxtends to an anbi ent, or,
alternately, a controlled, pressure |evel source 64 by way of a valve
menber 66. The anbi ent pressure |evel source 64 may be an at nospheric
pressure | evel 25 source wherein the valve 66 vents to the atnosphere
when in the openlhmsia:iprexﬁbndiingi td whe Ifilvd G ubomicladrioaxt ends beyond t he

body of the rrenbg&?":ge )S}(tvfa@ﬁ%ér% Q,afl‘;g %réb ubrication source 72 by way
4

of a val ve nenber er 54 simlarly includes a
first fluid Iine, herétfﬁilmldld ibee m@t@ﬁ.ng’mdet Fdgvaduum pressure

source 56 by wayj plusevate® tHRIMRIcos chps Mediérf Is4 ¢d Immua@re fluid line
80 extendi ng to H\%ﬁmbl ent ressure l.evel source 64 g way of a

val ve 82 ahd a t fHimes | efiefrom, 140 | , extending to the
fluid lubricati OélnlS@dlL‘tm:éh‘HQ tnhe/vas}edm‘ncnc&ﬁ wenrler 154 dlsoultd lieedot ed t hat,

while Fig. 2 iII 2] the I | fluid
| i nes extendi ng @réo?n ag:t e%g' e%%og%%b%n%l hsgdéae ongqgglﬁ r?efnber 54
is utilized rreretlgetlmeasmgit@ @l d‘oetsrmlmlmcmd@e fldwid ddmest the bearing

50 and does not I Qﬁﬁ, gpsources 56, 64 and 72.
10 é %J’?@df?%bﬁ g:e{lrﬁ to be appl | eéﬁ]o the bearing 50, the

cap menbek® 52 and 5Mher Hbtid %ﬂ%‘d-‘—?i’tnq HE Shde ApPIied te b€ of the
bearing as illusssztasiso ] Nend icly henthed® BOSiANOBAdade positioned

at the opposing axial sides of the bearing as

illustrated in the figure; When positioned as

illustrated, the clearance spaces of the bearing are
15 isolated by the cap members. _

' Then, the valves 58 and 78 coupled to the
vacuum pressure source 56 are opened, thereby to
reduce the pressure levels of the clearance spaces
within the bearing 50 down to the pressure levels of

20 the vacuum pressure source 56. That is to say, the
clearance spaces are evacuated.

Once the pressure levels of the clearance
spaces have been reduced, the valves 58 and 78 are
closed, and the valves 74 and 86 are opened, and

25 fluid lubricant is applied to the clearance spaces
to £ill the clearance spaces. In one embodiment,
the fluid lubricant is maintained under pressure to
facilitate its application to the bearing. As the
fluid lubricant is applied to both of the axial side

30 portions of the bearing in the embodiment
illustrated in the figure, filling of the clearance
spaces of the bearing with the fluid lubricant is
facilitated as fluid is pulled into the bearing at
both axial sides thereof. _

35 . In one embodiment of the present invention, the
fluid lubricant is heated to an elevated



I 1l ustrat-ed, the cl eadwance spaces of the bearingwere 15 | sol ated by the
cap nenbers. Then, the valves 58 and 78 coupled to the vacuum pressure
source 56 are opened, thereby to reduce the pressure |evels of the

cl earance spaces within the bearing 50 dowl to the pressure |evels of 20

t he vacuum pressure source 56. That is to say, the clearance spaces are
evacuated. Once the pressure levels of the clearance spaces have been
reduced, the valves 58 and 78 are ¢l osed, .and the valves 74 and 86 are
opened, and 25 temperatureprPEMRiptaapgsri af £y Fﬁ&véFégrance spaces to
fill the clearancgmpsdrsesre ) Nppier egbodppitattibn tbuittel shearantei s

mai nt ai ned under pressure _to,facilitate its._a I cat | .bearng. As
the fluid | ubri SBRCSS: app iéﬁcfﬁaﬁﬁah%?‘??ﬁéeg‘%?%' Eﬁ%&?ﬁwgl@%o? i ons of
the bearing in t#me effboid nkabrithntt iat adtenmethe thi fJacalitatei dfsof the

cl ear ance spaces_of r L R0+t I ol icant is facilitated as
fluid is uIIedq@ﬁ%ﬁ%ﬁ%gﬁﬁaﬁpngﬁgtQ%%?ﬁagkgagpg% %é thereof. 35

In one enmbodi nent of @meepthecaleananfei 6RaceRe of| the PEBFiREnBOis heated

to an elevated p,JENPSEAt HiE1e@) ERENVALNEE 2l amaelsevahadthemaeeat ure,
prior to application to the clearance'sgaﬁfs. At increased éeggeratures,
the viscosity ofckemedy uj Bheybrivest 6Psanf: BPedre OPLRER APGt &Pt s 5

application to theagikgr a8ceetipfed. tonapblieatcprassure dpaeds.of Ahjpe
D0 S S e LA s NS BhCRefd 170018, BB 0DER Spboged, The
| evel s. Any 10 veryoshzl} wblame.i nDunéngesubsgeqrentcobeaptédni nfo a very
L VQ'”WE- DUt 09, S4PEEGUCPEoBRERR! b98cRiated with expansion of
: air is minimal as only small-volume pockets of air,
if at all, remain in the bearing.
15 ' In such manner, the fluid lubricant is applied
. to the clearance spaces of the bearing 50 and any
pockets of air trapped in the bearing are collapsed
into a small volume. Once the application of the
fluid lubricant to the clearance spaces of the
20 bearing 50 has been completed and the clearance
spaces have been returned to ambient pressure
levels, the cap members 52 and 54 can be removed
from the bearing 50, and the process can be repeated
to fill the.clearance spaces of another bearing with
25" the fluid lubricant in similar manner.
Fig. 3 illustrétes a cap member, here shown
generaliy at 52’, of an alternate embodiment of the
present invention. The cap member 52’ includes a
single fluid line 55 extending both to a vacuum
30 source by way of a valve 58 and to an ambient
- pressure level source by way of a valve 66. The
valves 58 and 66 can ke alternately opened, or both
' valves can be in the closed positions. The cap
_ member 52/ also includes two fluid lines 68 and two
35 valve members 74 extending to fluid lubricant
sources. The yalve members 58, 66, and 74 are



t he bearing, problens associated with expansion of air is mninmal as only
smal | -vol une pockets of air, if at all, remain in the bearing. 15

In such manner, the fluid | ubricant is f9p|led to the cl earance spaces of
the bearing 50 and any pockets of air trapped in the bearing are collapsed
into a small volume. Once the application of the fluid lubricant to the

cl earance spaces of the 20 Jbearing 50 has been conpleted and the

cl earance spa xgﬁedldseédﬂmcharmévgmaﬁmwgmw@ tvel's, the cap
menbers 52 and 54 can pe rempved fromthe bearing 50, and the process can

be repeated t®NNGrS Het Mg SHcE BARRETG RS the $3R) with 25 t he
fluid |ubricaifensersign Iﬂrmmmed Hro.Fiy . 1J uate adpened capd nenber, here

shown general | y. at of .an adi ment, of_ t he present
i nventi on. eg%%%%eqp@?' t'f {ﬁt’sdeal‘gowa&’% 19 #line 55 extending
both toé&a vacmmmynammmmm-way of a valve 58 and to an anbi ent

pressure |evel souwﬁélﬁégﬁ?éégefiégﬂ égaertﬁ?égqagg 23 and 66 can be

alternately opened vVes ca eln osed positions. The cap

menber 52 al f8ididdianads MG | Line 185 @xtending (% 8¥rainya| ve nenmbers 74
extendi ng to fyanvk lggori egy mwaralﬂleswaslaap&mr@fé& e and 74 are -

12 opened and cl os I.n Jranner.s anal.0go he nﬁnners i.ch the val ve
nenbers of theéé’a?ﬁeﬂé’fw i35 @Rlét%éﬂ% aning Lq V% closed to
apply toe fl waﬂ.éaﬁzncmrﬁpataesa:th am d;;cirmrmar bearthet The cap nenber

52' further i ﬁ%\?ge%' paf%qhtc; o%%} f|AlH)g e}g&esSB%ﬁ;&t é‘adﬂ@gaﬁpgllf‘eéjra' n val ve

92. The drainVa i's opened ‘daf t ér
to the bearing during fllllng of the bearing by the

fluid filling procedures is drained by way of the
fluid line 88 once the valve 92 is opened.

15 Fig. 4 illustrates a hydrodynamic bearing, here
shown generally at 100, about which a first cap
member 52/ and a second cap member 54’ are
positioned to apply a fluid lubricant to the _
bearing. Analogous to the bearing 50 illustrated in

20 Fig. 1, the bearing 100 includes an outer
sleeve 112, an inner sleeve 114, and a shaft 116.
Thrust plates 118 and 120 are positioned at opposing
sides of the shaft 116 and are affixed thereto.
Clearance spaces 126, 128, and 130, are formed

25 between the outer sleeve 112 and the shaft 116 and
thrust plate 118 and 120 combination. And, axially-
extending and radially-extending passageways 132 and
134, respectively, all form portions of the
bearing 100 and are operable in manners analogous to

30 operation of corresponding structure of the’
bearing 10 illustrated in Fig. 1.

The cap member 52’ illustrafed in Fig. 4
includes a first ring mémber 156 having radially-
extending fluid and drain lines 154 and 158,

35 respectively, formed therein. Fluid lines 168 are
also formed therein. A ring member 160 seats upon



fluid lubricant is applied to a bearing to fill _the 10 cl earance spaces
in a manner simlar to that described previously. Any excess |ubricant
applied to the bearing during filling of the bearing by the fluid filling
procedures is drained by way of the fluixd |ine 88 once the valve 92 is
opened. 15 Fig. 4 illustrates a hydrodynam c bearing, here shown
generally at 100, about which a first cap nenber 52' and a second cap
menber 54' are positioned to apply a fluid lubricant to the bearing.

Anal ogous to thbebeingnyesber|156tandeinrihudes a reiged], annelararing 100

i ncludes an OUESBtJ?thiSGr'&gn @Hlbﬁmfé $h8e¥€ed 1¢nrafignaashaft 116. Thrust
pl ates 118 and 120 are positioned at gp EﬁSIngESIdeS of the shaft 116 and

are affixed thEPEFGSPQPQaPin%EQEB%E%sf? ed dhrough the ripe® forned 25
bet ween the oumembekeese.llfnasdtasbomehbetsédd amd isrssatediate 118 and 120

and 134, 57 espeBEFyBFY "t  rFlod, efrBRS1EF"  Aatal pig I BE ARG e S T
operabl e i n naehestomeniogsesltd730is posptianednupbdncarbetpondi ng

structure of t?ﬁcgeéaffgc Oofléﬂétffﬁgdméﬂbgig%%érf§g6s%av|ﬁg”@gé n°2’

illustrated in I ncl udes frrst ring ne lally-
ext endi ng f|U|§hanBearana 19%es 154 and 158, 35 respectively, forned
therein. Fluid I|nQ§91§§paﬁ§mgé§osjorﬂ§ &nggbﬁedAafngsggahgr 160 seats

upon 13 the rlng ab gclu es a rajsed nnul ar central
porti ont®hi ch #¥1fAsE} %dp?ﬁFH%Bh°5 Re ReRbig ni%%per TRE eS#Br med t hr ough
the ring nmenbemnehbér B2’ eisasformedcofeal singléscgbbhé@tdibal rihgt ween the

rings 156 and JR9-nafcMadd %41t ines 174, 176, and 178 formed

therein. The fluid line 174 corresponds to the
fluid line 154 of the cap member 52/, the fluid

i5 line 176 corresponds to the fluid line 158 of the
cap member 52/, and the fluid lines 178 correspond
to the fluid lines 168 of the cap member 52°7.
Static seals, here O-rings 184 and 186, seat against
outer circumferential surfaces of the bearing 100.

20 When fluid lubricant is to be applied to the
bearing 100, the cap members 52’ and 54’ are
positioned at opposing axial side portions of the
bearing 100, in manners as illustrated. The
elastomeric seal 172 and the O-rings i84 and 186

25 seat upon the bearing 100 and, together with other
portions of the cap members, isolate the passageways
and clearance spaces of the bearing 100. Analogous
to manners described previously with respect to Fig.
2, the clearance spaces are evacuated by connecting

30 the clearance spaces to a vacuum source. Once '
evacuated, the fluid lubricant is applied to the
clearance spaces, and the clearance spaces are
returned to ambient pressure levels. Then, excess
lubricant is drained away from the bearing. The cap

35 members 52/ and 54’ are removed out of engagement
with the bearing 100, and the cap members 52/ and



el.ast-oreric seal 172 ie positioned upon a bottom+ace surface of the ring
menber 156 for seating upon the bearing 100. The cap nenber 54' is
positioned at a second 10 - axial side portion of the bearing 100. The
cap menber 54' is formed of a single cyliddrical ring which includes fluid
lines 174, 176, and 178 fornmed therein. The fluid [ine 174 corresponds to
the fluid line 154 of the cap nenber 52', the fluid 15 line 176
corresponds to t fluid_line 8 of the cap,.nenmber 52', _and the fluid
lines 178 corres%@ndqﬁy QHﬁrFF%%ﬁrlFﬁe§e?8§ggiopﬁ§ ERpPRERDEr 52' . Static
seal s, here'Ohrlmmplm&atmmm bE6 theedfifuadalubricantr toi subséguenti al
surfaces of the Ic;100 20 VWhen fluid lubricant is to be
applied to the bearln 00, the cap menbers 52' and 54' are p05|t|oned at
opposi ng axial side p reoﬂgrﬁﬂcpﬂér5¥arPﬁ&elﬁbe FAPNRARELESa82( | RDSt r at ed.

The el astogeric sQal hJaZ;% Yadnt b@s@t&bﬁaa aBéutndné8bedbing 1664t tHRON the
bearing 100 and, to er with oth rtions of t 8 nmenbers, isolate
514 &4obt

t he passageways 5&& cd28p308s fRE GERPPH An%ASHBEs to
manner s descr|be¢r@msunuﬂ§qurwetbyreppa&hgta vaguuil, vhleecl(nat ashewspaces

are evacuated by ﬁl t'qggggnect hgegbgg gﬁ§0§?ﬁggs §Red Yggugg@:gurce

- Once evacuat ed, NESFESi S app tafifante sp and
t he cl earance spaﬂdsamﬁetmstwﬁnudmtpraﬁbueﬁtSpngssureThevelsar&heﬁ excess

L ubricant jps draig e%"‘@f ft'ix%”bbg‘hh?a&bﬂgaglhévﬁéﬁaﬁéd as FRgbers 52' and

54' are reaned o engagenent earin , and the cap nenbers
52' and 14 54C1ﬁ§FaPﬁ@r§§PFGF BEeréﬂogﬂpﬂénGemPBanPﬁ#Pnaﬁhicﬁ Bon of

the fluid |ubricgacuut pHeseureNsource by way of the cap members 527
~ and 547.
Once evacuated, the vacuum valve is closed, and
15 a fluid lubricant valve (not shown) connected
between the fluid lines 168 and 178 and a fluid
lubricant source is opened.' Because of the pressure
differential due to the evacuation of the clearance
_ Sspaces, the fluid lubricant is "pressurized" or
20 "pushed" into the clearance spaces.

Then, a vent valve (not shown in Fig. 4)
connected between the fluid lines 154 and 174 and an
ambient pressure level source (e.g., the atmosphere)
is opened. Any pockets of air in the bearing are

25 collapsed as the fluid lubricant is applied to the
clearance spaces and the clearance spaces are
returned to ambient pressure levels.

The fluid lubricant valve can alternately be
opened concurrent with, or before, the opening of

30 the vent valve.

The vacuum vent valves are then closed and a
drain valve (not showq in Fig. 4), connected between
the lines 158 and 176, is opened to drain any excess
lubricant away from the bearing. The drain valve is

35 then closed, and the cap members are removed from
the bearing.



beari-ngs. -More particularly, once the cap nenbers 52' and 5 54" have
been positioned about the bearing 100, the fluid lines 154 and 174 are
connected to a vacuum pressure source by opening a vacuum val ve (not shown
in Fig. 4) connected between the fluid | lBes 154 and 174 and the vacuum
pressure source. The clearance 10 spaces of the bearing 100 are
evacuated as the clearance spaces are in fluid conmunication with the

vacuum pressure source bﬁ maé of the cap nmenbers 52' and 54'. Once
evacuat ed, the vacuuktviPQulfisfurther bgmpeted that, twhile |RigS-c&n val ve

(not shown) congetledshehvecapphecitionl of NEbuilddl@hei dait aied onify ui d

| ubri cant source gs ogenﬁd. Becaugg 0%£tq$ufressure diffqéfnti |. due to the
evacuati on of tReStPEAPaRERTEREcekle (HEFY FHPTIRART 1A iRe 3RP i zed" or
20 "pushed"tonmulthplel pumbers spdoesrindencomcwEngntdy by (not shown in
Fig. 4) nnect : ywee h | | 7 nmbi ent
pressurecefr)evel §§5?§%H§eeai’,ﬁ?ﬁ%&$€%§p er é@dﬁ%%nwgggﬁckets of air
in the bearing Be8r2B89s andopPapyind sehe Helyid ubrigantrto itheapplied to

the clearance Sﬁésﬁin?ad_ihhﬂaﬁhéﬁéa&@é‘cﬁi@é‘&sa@éx?e! elpidI§A @ 18R ent
pressure | evels. _The val] ve can alternatel'y be opéned

concur r ent mﬁth?foFaBe#gl ?Lgﬁéégggﬁ?ﬁgﬂQﬁtﬁﬂFe' be HPURIAA FR ve. The
vacuum vent val semmanevabea ménbers atsl caulelithe af Meid Mibrdkawt itd Fig. 4),
ubr i cark® avay FoRBERAeBeEr | Bhe Heer thas FRwE T Bs" * "thon ol osed, and
the cap nenbers are Fégovedilleustratedeappanatus, shown generally
at 200, of an alternate embodiment of the present
invention by which fluid lubricant is applied to a
bearing to fill the clearance spaces of the bearing.
15 The apparatus 200 includes a vacuum tank 204 having
an entry end 206 and an exit end 208. Fluid
lubricant 212 is pooled in the vacuum tank 204. A
conveyor 214 extends through the entry end of the
vacuum tank, along the pool of fluid lubricant, and
20 out the exit end 208 of the vacuum tank. The
conveyor 214 conveys bearings, similar to the
bearings 10, 50, and 100 shown in preceding figures,
therealong.
A bearing, here bearing 250, is initially
25 positioned upon the conveyor 214, prior to entry
into the vacuum tank 204, indicated in the figure
by a first position, represented by the block 258,
shown in dash. The conveyor 214 conveYs the -
bearing 250 into the vacuum tank 204 to be
30 positioned at a second position within the tank 204,
represented by the block 262, shown in dash. Once
the bearing 250 is positioned within the vacuum
tank 204, the vacuum tank is evacuated to reduce
pressure levels of the tank.
35 In the embodiment illustrated in the figure,.
the bearing 250 is positioned upon the conveyor 214



15. 1t should further be noted that, while Figs. 2- 4 illustrate application
of fluid lubricant to only a single bearing, the fluid |ubricant can be
applied to multiple nunbers of bearings igncurrently by 5 af fi xi ng cap
menbers to the nmultiple nunbers of beariings and applying the fluid

| ubricant to the bearings in manners descri bed above. The plurality of cap
menbers can, for instance, be coupled to comobn val ve nenbers to cause the

fluid lubricantgtonlfhat tRe PORGiEEaiRal NexDeasE Naase oeriingntly. Fig. 5
il lustrates apparatus, shown generally_at 200, of an alternat gnbodinent

of the present ®¥venrdsheBHiZoRtaALYt ui R |BPHeeNtePROPT ey T3%a bearing
to fill the cl eﬁéaﬁfﬁismcwsﬂtiéﬁ@dbgﬁém MghatlSthe 1dixei apdimat us 200
n

i ncludes a vacuumta 204 having an_entfy.end 206 an exit end 208.

Fl uid | ubricant®%t% ?§t%%%?eh"iﬁgYﬁEtb%itd%%¥%%€l§%H.qxﬁgbnggyor 214
extends t#ir oughatdiehent eybediment | hche soeamingnks WP Ee ¥WOON of fluid
lubricant, and 20, co%gggofheofxtﬁe988n§%§?§21%hfpﬂﬁ&#ﬂﬂ&€@3¥- The

conveyor 214 conveys I nfs, srmlar L _earlggs 10,, 50 'ang 100
shown in precedfampedgupech thateathaglongbbadingl a¥is eXLERAY 250, s

initially 25  3nPp@sdiéOpeydANthEChELPTYENOA] 2ddd PerDicdD entry into the
‘'vacuumtank 204, . indicated in the figure by a first position, represented

by the bl ock o5@BireFbiPn®n dash. The conveyor 214 conveys the bearing 250
into theigacuum t ankTRO4ctavégoB0214 thesi tonveys atha seaningpd8Pti on

bearing 250 | BBEPiT oK & PRERCTHR DRERLERE AEOboie (he Teriiank 15
evacuat ed to retiubripantsurthéethisdoposhbionnks Bepresented bynthge
enbodi nment illugigéieg6&p_gggwﬁigHrgasﬁhgnb@@éiﬁggggg‘iswﬁgﬁitioned upon
t he conveyor 214 - : . .o .
immersed in the fluid lubricant, the fluid lubricant
15 partially fills the clearance spaces of the
bearing 250 by filling the large seal areas and
ports of the bearing. .
The fluid lubricant, in one embodiment, is
maintained at an elevated temperature to improve the
20 viscosity characteristics of the lubricant. Heating
elements (not shown)'may, for example, be positioned
within the vacuum tank 204 to generate heat energy
to heat the fluid lubricant, or the fluid lgbriCant
may be heated prior to positioning within the vacuum
25 tank 204. ' o
The vacuum tank is vented to the ambient
pressure level, or the pressure level is otherwise
increased relative to the evacuated pressure levels,
when the bearing is conveyed into the third
30 position, represented by the block 265. For
instance, a tank of pressurized gas may be connected
to the vacuum tank,'and the pressurized gas may be
applied to the tank to increase the pressure.
thereof. During this repressurization of the tank,
35 remaining portions of the clearance spaces become
filled with the fluid lubricant.



16. such. t-hat the | ongi'tudi nal axis of the bearing“extends horizontally. In
anot her enbodi ment, the bearing is positioned such that the |ongitudinal
axis extends in a vertical direction. Andgin 5 anot her enbodi nent, the
bearing is supported upon the conveyor, or the conveyor is appropriately
ranped, such that, the longitudinal axis extends at an angle between the
hori zontal and vertical directions. 10 The conveyor 214 then
conveys the bearing Zfefédftér j htlidl @npvéyorn 2D¢ocdireepoathe?l?2 of the

fluid [ubricant._The. thi ositipn is represented . 4, shown

in dash in the-f’?eg%ﬁ’e’?gv%%% CAER G 20 l?f%‘f‘d ’F%%F’%%h‘?‘%&tcﬁzﬁl%i d

| ubri cant 15 bleck 266 y showrs ihadaskear ance spaces of the bearing 250 by

filling the |arge seajn af Cas &k Riibou Hehe DRETE8Rveydie 141 gl ubri cant
ne e

i n one enbodi nent, is nalntal at an eval ed tenperature to 1 nprove the
- 20 vi $cosi t PreEeERb LY iZanRad ofn (e jBRAR sARe OFReRTHA M tRnt s (not

shown) may, for £xeemlhe Rer Pastdt Die bV £1é NbéALINGCRSMN 48204 T 0
generate heat energy.to heat thgﬂ%&a&d Iubiicant or the fluid |ubricant
may be heat ed prl?"?#@ J pbsi 90 Reree 1 ARI  AE G SB1ersion @t 504, The

vacuum tank i s whd aéskdmindeirmnthentlyidshubeicantl, diteringrdssure | evel

I's otherw se incr el at | cu r vel s, .when the
bearing is conveﬁ?%%l%geé{ﬁﬁ% %%etﬁébogi;??(l)%gﬁée%rﬁ%ién sgéd %%/ t he
bl ock 263.0 For pocketr Qf aimtrapped cbnuthe cbegnindmay be connected to the

vacuum tank, and the ﬂﬁls%ﬁg%mc;}pyzp@ é@ﬁ){,&?gﬂ {petggaltﬁ;& £@ Ancrease
the pressure fifth position, represented by the block 268, shown
in dash, beyond the vacuum tank 204.
It should further be noted that the apparatus

15 200. shown in the figure permits multiple numbers of
bearings 250 to be conveyed along the conveyor and
inserted into the vacuum tank 204 concurrently. .
Thereby, multiple'numbers of bearings 250 can be
filled with fluid lubricant concurrently.

20 The various embodiments of the present
invention permit fluid lubricants to be applied to a
hydrodynamic bearing which minimizes problems
associated with air trapped in the bearing during
application of the fluid lubricant to the bearing.

25 The bearing is surrounded with fluid lubricant,

' either by bringing the bearing into a bath of the
lubricant or by bringing the lubricant into the
bearing. Other problems, such as cavitation of the
bearing parts, associated with pockets of air

30 retained in the bearing are additionally avoided.
Fluid lubricant can be applied to large numbers of
bearings in a short period of time and is amenable
to an assembly line-like process. The present
invention can further be advantageously utilized to

35 apply the fluid lubricant to any of many various
constructions_of hydrodynamic bearings, including



thereof-. Bburing this gepressurization of the tank, 35 remai ni ng
portions of the clearance spaces becone filled with the fluid |ubricant.
17 Thereafter, the conveyor 214 conveys the bearing 250 to a fourth
position, represented by the block 266, st®wn in dash. In a further

enbodi nent, the conveyor 214 is 5 preferably ranped in nore than one
orientation to alter the orientation of the bearing 250 as the bearing is
conveyed thereal ong after i mersion of the bearing in the fluid |ubricant.
Al tering the oritde ®¥enplary heagdag s§ownadn Figt-ed h@redde ofUs®

pockets of air tdmappRd dreddit li%h'&gonﬂ%%naFEﬂ? FARMRY Qubtlidairnveys the
bearing to a fifth position, represented b e hl ock 268, shown in dash,

beyond the vacufhiemiCoORFtrUations rd PYAFREY NBR G PSR HNd Sy ar at us
15 200 showrdurddie ¥e @imd 1peilyi e feitapled .nunber s of bearings 250 to

be convey al ong the, co " I r i e 4
concurrently. Thereb;%rerrslr}i\ﬁi:l¥l I éﬁ%gr?g%rig tgﬁx@g&%&n%ﬁét% f&g%glalar?%?%‘ﬁ?ed wth
fluid |ubricant igorentricentiave »@en describgdewiih qudesmesiiafents of the
present inventi QiR tariley.d &&a@?&%&tﬁu&od@%&agidi%st Qrd Rydrodynani ¢

bearing which mnimzes problens asSociated wth air trapped in the bearing
during appli cat iR¥ieisT exagpd esyforc AP legentd nge fhengnvention the

bearing is surrqHglaherddopd Wed thebintantion e lldy ot ngi ng the bearing

into a bath of the |ubri,cant or .gﬁtbrlg%l Qg.thsﬁl ubr.i_cant ng@}the beari ng.

O her prdf ens, NEREFSAT N BB t62 Pl Y5 ARF TR O Ussd %t ed wi th

pockets of air 3tope dafetthengtesenthdnveatiiog dse deddinedoist Ibheavoi ded.
following claims. :



FLuid_Lubricanf can be applied to.largé nunbers of bearings in a short
period of tinme and is anmenable to an assenbly line-like process. The

present invention can further be advantageously utilized to 35 apply
the fluid [ubricant to any of nmany vari ou® constructions of hydrodynam c
beari ngs, including 18 the exenplary bearing shown in Fig. 1 herein. Use

of the present invention to apply fluid lubricant to other constructions of
hydr odynam ¢ bearing can, of course, be simlarly effectuated. 5
Present | y- pref eWhat asbediavimeds 16f t he present invention have been

described with a-deghee ofy pathbaulcar hﬁpﬁkﬂﬁ?paeﬂa@a 46 bRhikORp are of

preferred exanples for inplenenting the I nvenfion,” and the scope of the

i nventi on shoul 8 R¥Eredynanige.bearapg| dagangi fleagapgFet RPEC88scri pti on.

The scope of thgepagaeihg beartingnphgtdebitneHebpebbengohhanieg ialkagns.

19 What is claingd,is; 1. A_net hod for lying fluid lybricant to a

hydr odynam c bed iﬁaaﬁgvpﬁﬁ 8P§ V&HchgﬁgggggséﬁaPEtFﬁgeﬁgg I ng parts of

t he bearifg andsdefasengfathechstrding,paahdapethodndonprisiag €keernal 5

surface of the Qegggngf:said met hod conprising .the steps of: reducing

~ clearance space pressure levels of the clearance spaces to_reduced pressure
level s rel ative to aRedHpilagt cAeasanre FPIER; PXgssure levedpgpp§i khet he

fluid lubricantcieatAfice! 8ph@Bseto reduced pressure levels relative
to an ambient pressure level;
10 applying the fluid lubricant to the clearance
spaces, and
- returning the clearance space pressure levels
to levels above the reduced pressure leveis.

2. The method of claim 1 further comprising
the step of surrounding at least portions of the
bearing with the fluid lubricant.

3. The method of claim 1 further comprising
an introductory step of isolating the clearance
spaces from the ambient pressure level.

4. The method of claim 3 wherein the at least
one pathway extending to the external surface of the
bearing defines a pathway opening at the external
surface, and wherein said step of isolating

5 comprises the step of positioning a cap member about
the pathway .opening. '

5. The method of claim 4 wherein the cap
member positionable about the pathway opening during
said step of positioning is connectable to a source
of fluid lubricant, to a vacuum pressure source, and

5 to an ambient pressure level source, and wherein

A




spaces,- and ning the cl earance space pressure levels to | evels above
t he reduced et s. 2. The nmethod of claim1l further conprising
the step of Wﬂlm east portions of the bearing with the fluid

| ubricant. 3% ¢ Mf claim1 furtR& conprising an introductory
step of isolating thé cte nce spaces fromthe anbient pressure |level. 4.
The nmethod of claim3 wherein the at | east one pathway extending to the
external surface of.éhe bearing aeanes a_pat hway ogening at. the externa
surface, and wherdthesEFaPsPEpT6RUFLBPIAFPABT 5SS  CORRBrTLRG the ARp of
posi ti oni ng a capmnembé&ertabthé wvheupat pragsapensogrcel. The met hod of
claim4 wherein the cap nenber positionabl e about the pathway opening
during said step of positioning is connectable to a source of. fluid

| ubricant, to a vacuun®prestheemethpdeofantiatm 5 whereinasdidrdtep esSure

| evel source, an ' ssakd e [ | ectin
aNPEy 8hé compPisdk céhﬁ@c@in&GQHé ?ﬁ%Q%§P%%§Q%? 2 ¢ 9

the cap menber to the vacuum pressure.sour Ce. aim5
wherei n said stepfPPESPpPHi hyre8nprPEASaBEnnecting the cap menber to the
source of.fluid l[ubricant. The met hod of claim5 wherein said step of

7.
returning conprises cannect) t he. cap er_to the apbient_ pressure |evel
source. 8. The net ho'g' of %ﬁ%l ﬂ‘?ghﬁﬁe?g‘ﬁ%??ﬁ’@ ga‘ﬁgﬁ’éﬂb‘érs?’s‘i fShremert
connect abl e to a metamrmingcbampgeisesecannestingnehéodap angnibeyestd hegnd urt her
step of connectirghgfghgggrgggggé }g bhesdu Ll di scharge 5 line to
rqul ub :

di scharge excess anount rrcan

‘8. The method of claim 5 wherein the cap
member is further connectable to a drain discharge
line and said method comprises the further step of
connecting the cap member to the drain discharge'

5 line to discharge excess amount of liquid lubricant
applied during said step of applying.

9. The method of claim 3 wherein the at least

one pathway comprises a first pathway formed at a
first axial side portion of the bearing and defining
a first pathway opening at the external surface of

5 the bearing and a second patﬁway formed at a second
axial side portion of the bearing and defining a
second pathway opening at the external surface of
the bearing, and wherein said step of isolating
comprises the steps of: positioning a first cap

10 member about the first pathway 6pening and

' positioning a second cap member about a second

pathway opening. |

10. The method of claim 9 wherein the first
cap member is positionable about the first pathway
during said step of positioning and is connectable
to a source of fluid lubricant by way of a lubricant

5 valve, to a vacuum pressure source by way of a



appl if,d/n‘ur'/m\gpof. appl yi ng. 9. The met hod of claim 3 wherein
.the at m \K\m t y conprises a first pathway fornmed at a first axial
si de p\\ Twf % he bearing and defining a first pathway opening at the
external* surface of 5 t he bearing and2h second pathway fornmed at a
second axial side portion of the bearing and defining a second pat hway
opening at the external surface of the bearing, and wherein said step of

i solating conprises the steps of: positioning a first cap 10 menber

about the first me"%ﬁ rRprkP p?dbiacmhirﬁfﬁg R%@@é&?ﬁdléaﬁlrre_rrber about a
morbor |5 post L anah e po e e e e e %P
menber is positiona ou e firs athway during said step o

posi tioni ng and 9% m%ﬁc@“ﬁ%‘%‘%(ﬁf&d@qﬁ tfr}%ivc?"lqi’]‘ﬂ‘r valye g? way of a

| ubricant 5 aarrect tthel wesmuunn pfesssitee ssutraee oy they fafFst cap2l vacuum
val ve, and to an l.ent_ pr I S QU Ay of nt val ve, and
wher ei n g% d Ste%eaﬂ(?érfga&% n (Lg)aﬁ'pro:aés/:ésheogéirﬁcsﬁ:gq%/%e vgdu&% égfve to connect
t he vacuum pr esstkermangesparaeshe first cap 10 menber and, by way of
the first pathway, to the clearance spaces. 11. The nethod of claim 10

wherein said step of applying conprises the steps of: closing the vacuum
val ve and openi ng t het}ubrThafethad ©f Flaihdd wharedsusgddoftePuid

lubricant to thefidgdlping cémir iEsD&hadtegly oBY ostihg thest pat hway,
to the clearance_spaces. .12, _The rret.hodt&{ (‘j1l im 11 wherein _said step of
bopl ying. fur thor AT GV, A PG (e YRIY YRITE Ffle bear | o,
connect the source of fluid lubricant to. the first
5 cap member and, by way of the first pathway, to the
clearance spaces.

.12. The method of claim 11 wherein said step
of applying further comprises pushing the fluid
lubricant into the bearing. '

13. The method of claim 11 wherein said step
of returning comprises the step of opening the vent
valve to connect the ambient pressure level source
to the first cap member and, by way of the first

5 pathway, to the clearance spaces.

14. The method of claim 3 wherein said step of
isolating comprises the step of transporting the
bearing into a vacuum tank containing a pool of the
lubricant. '

15. The method of claim 14 wherein said step
of reducing comprises evacuating the vacuum tank
after the bearing is transported into the vacuum
tank.



13. Th

cl earance spa
conprises the
containing a

wherein said step of returning conprise

To the kllﬂﬂﬂlll]ﬁlllﬁﬂlﬂﬁﬂhlaﬁﬁf "By vay of the first 5 ' patnaay, Lo

desh 14, e nmethod of clapp 3 wherein said step of i
step of transporting the bearing into a vacuum tank
pool of the lubricant. 15. The nethod of claim 14 whe

s the

el source
t he

sol ating

rein said

step of reducing conprises evacuating the vacuumtank after the bearing is
transported into thesyacTiwnietiod of kflailnel Sretthexe ixi saibdnstépwher ei n

sai d step of
the pool of t

neF ) P PSR ACE SIS dhe LT EPAERRLIY LRE

ing into
step of

returni ng conpréaring aistegthe aok of dhg slwrietenbacuum t ank evacuat ed
during said step of the evacuating and transporting the bearing out of the

5 pool of

the lubricant. 18. The nethod of claim 17 wherein sa

I d step

of transporting thelbearThg) meihed IRf WAk Yok exeinsHREE | $ESPhe beari ng
into the pool,ofneetuenbngrddnisr idws heard gy ptedéutdelools 6pnprise 5

t he steps of:
"~ bearing on th

SRS VRS el R AR SACS Ry THeF (T DR | 1

he
ginto

t he pool, and ewaxmeyt img tdred bomansppritngftiecogaoing 18ut ThE teéhod of

claim 1 gonpr
the step of a
met hod of cla

o S T IR, 00 the ol ear ance spaces.
im1 conprising the

18. The method of claim 17 wherein said step
of transporting the bearing into the vacuum tank,
transporting the bearing into the pool, and
transporting the bearing out of the pool, comprise
the steps of: positioning the bearing upon a
conveyer, conveying the bearing on the conveyer into
the vacuum tank, conveying the bearing into the
pool, and conveying the bearing out of the pool.

19. The method of claim 1 comprising the
further step of heating the fluid lubricant prior to
the step of applying the fluid lubricant to the
clearance spaces.

20. The method of claim 1 comprising the
further step of altering at least one axial
orientation of the hydrodynamic bearing after the
fluid lubricant is applied to the clearance spaces.

21. The method of claim 1 comprising the
further introductory step of positioning the
hydrodynamic bearing in.a desired orientation.

22. An apparatus for applying a fluid
lubricant to a hydrodynamic bearing having clearance
spaces separating bearing parts of the bearing and

prior to
20. The



furthé?"’/,/’/’/f//’i;g at |l east one axial oriegtation of the hydrodynamc
bl

beari “@Nﬁg’ d lubricant is applied to the cl earance spaces. 21
The e af ®lafm 1 conprising the further introductory step of

posi ti-oni ng the hydrodynanic bearing in a3desired orientation. 22. An
apparatus for applying a fluid lubricant to a hydrodynam c bearing havi ng
cl earance spaces separating bearing parts of the bearing and 23 defining
at | east one pathway extending to an 5 external surface of the bearing,
sai d apparatus defpnisgngt Aeass epe patheaYigestendiP@ete@Re pressure

| evel s ofsthe Cbﬁ%é@ﬂﬁ@ §ﬁ§§8§é_B?aﬂﬁefE@aﬁﬂﬁéouﬁgiagaﬁﬁafﬁﬁﬁé portions of
the 10 bearln% wi,ith the fluid |ubricant, thereby to isolate the

cl earance spaceS°OfPHAP&R%anbi ent pressure | evel; means for applying the
fluid lubricant to theaake@bgngedapingscléataneanspics préssuwirag the

cl earance space,l r ure |eyel .anbi ent pressure |evels once
the fluid |ubri%S§F1?s°§p§ﬁ?e8?89r%§F§ %é%%gsfor appl ying. 23. An apparatus

for applying a flui dneabsi €ent suorauhgdingoghaheasbeper hicmavefigtbéear ance
spaces Sfearat'ﬂga?gﬁghﬁgtﬁaEhg ?ﬁu&@eléﬁﬁéégﬂt?”éhﬁgé P69 aLoigast one

pat hway extending xternal surface of t earing to define a
pat hway openi ngtBReFdgarangpdSRppaFaftam cafpr Rk eRt RressRYe chpvabirber

positionable in seal héﬁn@nﬁégeaﬁﬁlyi‘ﬁ?%héhﬁlﬁﬂsiuﬁﬂﬂcm hy@ytgeeni ng; a
vacuum val ve pog&tloned bet ween sghg irst 10 cap nenber and a vacuum

pressure sour ceC*EAFANGEHRAFSS/

means for returning the clearance space
15 pressure levels to the ambient pressure levels once
the fluid lubricant is applied by said means for

applying.

23. An apparatus for applying a fluid
lubricant to a hydrodynamic bearing having clearance
spaces separating bearing parts of the bearing and
defining at least one pathway extending to an

5 external surface of the bearing to define a pathway
opening thereat, said apparatus comprising:

a first cap member positionable in sealing
engagemeht about the least one pathway opening;

a vacuum valve positioned between said first

10 cap member and a vacuum pressure source, said vacuum
valve actuatable into an open position for forming a
first fluid connection between the vacuum pressure
source and the clearance spaces and for
depressurizing the clearance spaces of the bearing;

15 a lubricant valve positioned between said first
cap member and a source of the fluid lubricant, said
lubricant valve actuatable into an open position for
forming a second fluid connection between the source
of fluid lukricant and the clearance spaces and for.

20 applying the liquid lubricant to the clearance
spaces; and



val ve actuatable into an open position for formng a first fluid connection
betmeenuiggrxggggngﬂessupe source and the clearance spaces and for

depress h nce spaces of the bearing; 15 a |ubricant
val ve po \“\‘nﬂu ‘ﬁ Mg{rﬂsal d first cap anber and a source of the fluid
Iubrlcan val ve actuatable into an open position for
formng a *se€ond f|UId connection between the source of fluid lubricant and
t he cl earance spaces and for 20 applyln the liquid lubricant to the

cl earance spaces; arfd Venty vadiyie pasidissiad betweepesaddnfiapd Fapbst cap

menber and an &Héiib%ﬂ:t AN abient praidsite J@vd1vephryal veaagt uatable
I nto an open pos on for orming a third fluid connectlon bet ween

t he anbi ent pré’fé'ﬂ:r é’allé’\?elacg:b‘&téglfnd"t e 3 OREENPESIEAEBsIQRd for venting
t he cl easance <pawEng @ a:lh.umb|f9.|mt1dpmmﬂcalbavbleta“eehhehaﬁbmaﬂbnw essure

| evel source. g%eﬁgmgéaq%g% tus f cI WE%% gggﬁc glggﬁaedraln

val ve position etween a dral n enen and sal sai d
drain val ve acﬁﬁﬁt&@n§hnﬂt6h&ncd§@wam@91ﬂ9@#eSot0daalnmhgeakcess 5

anounts of fl ui ééﬁ%rb?@@@e@ka'%ﬂetQmEH%nﬁl§§E§Qﬁ§e39393§ sédrcihe

apparatus of claim 23 wherein the at | east one pathway conprises a first’
pathway fornmed at a first axial side portion of the bearing and defining a

first pathway opening.at Thbeapphealtab 5f claiur baceupthbhe bearing and a
second pat hway forned.at a gecon gﬁ g B % gn of the earlng and
defining a secSREPHACARSY §Eﬁﬁﬁgv th?°§% &PREF BEFYSER Bt Fﬂénbearlng,
wherei n said fedemgmapapﬂnbandlflpstlbapnabmbeaboaaldhérélnsVamaéhmay 10
openi ng, and whekghRasdled iARBALA! BpehUpblStion for draining excess
5 amounts of fluid lubricant applied to the clearance
spaces. '

25. The apparatus of claim 23 wherein the at
least one pathway comprises a first pathway formed
at a first axial side portion of the bearing and
defining a first pathway opening at the external

5 surface of the bearing and a second pathway formed
at a second axial side portion of the bearing and
defining a second pathway opening at the external
surface of the bearing, wherein said first cap
member is positionable about the first pathway

10 opening, and wherein said apparatds further
comprises a second cap member positionable about the
second pathway opening.

26. An apparatus for applying a fluid
lubricant to a hydrodynamic bearing having clearance
spaces separating bearing parts of the bearing and
having at least one'pathway extending'between an

=] external surface of the bearihg and the clearance
spaces, said apparatus comprising:



conprises a second cap nenber positionable about the second pat hway

openi ng._26. -An—apparattus—for applying a fluid |ubricant to a hydrodynam c
beari ng i ﬁmzpaces separating bearing parts of the bearing and
havi ng ﬁﬂ“gﬂ“ Eﬂuﬁmu y extendi ng betwe®2n an 5 _external surface of

t he bearisngcand the scl éarance spaces, said apparatus conpri sing: a
vacuum tank, said vacuumtank having a pressure |evel adjustable between
and anbi ent pressure | evel and an evacuated pressure |level; 10 a

pool of the fluid | ubd AR FFeKeFaif MaCUuwmtanknday id@neeyer for

conveying the bepric@urd qeai1d adFuistadianbe thiedUhas dimbikee! of the fluid
| ubricant, beyond said O%;Né%nd out of said vacuum 15 t ank.

pressure and an evacuated pressure level;
10 , a pool of the fluid lubricant supported in the
tank; and

a conveyer for conveying the bearing into said
vacuum tank, through said pool of the fluid |
lubricant, beyond said pool, and out of said vacuum

15 tank.



