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COATING SYSTEM AND METHOD FOR FACILITATING
THE CLEANING OF A HYDRODYNAMIC BEARING T
AND A SECONDARY SEAL STRUCTURE MADE THEREBY

The present invention is related to the subject matter of
United States Patents No.: 4,795,275 for "Hydrodynamic Bearing"”
issued January 3, 1989; 5,067,528 for "Hydrodynamic Bearing"’
issued November 26, 1991;- and 5,112,142 for "Hydrodynmnic
Bearihgf'issued-May 12, 1992, all issuing to Digital Equipment
Corporation and now assigned to Quantum Corporation, Milpitas,
California, assignee of the present invention. The present
invention is also related to the subject matter of United States
Patent Applications Serial No. 08/388,380 filed February 14,
1995 for "Hydrodynamic-Beariné ﬂaving Inverted Surface Tension
"Seals" and Serial No. 08/363,566 filed December 22, 1994 for
"Self-Contained Hydrodynamic Bearing Unit", both also assigned
to Quantum Corporation. The disclosures of the foregoing
Patents and patent applications are hereby spécifically
incorporated herein by this reference.

BACKGROUND OF THE INVENTION

The present invention relates, in géneral,_to the field of
hydrodynamic bearings and the manufacture thereof. More
particularly, the present invention relates to a coating system
and method for facilitating the cleaning of hydrodynamic
bearings and their associated structure by applving a surface
energy lowering coating to selected.portions of the bearing
other than substantially within the surface tension seal
producing gaps thereof prior to a lubricant £ill. The coating
system and method of the present invention may' also
advantageously be utilized to produce a secondary barrier seal
extending a relatively short distance into and adjéining the
opening of the surface tension seal producing gaps.

Hydrodynamic bearings offer significant advantages over
conventional ball bearings in a number of applications.,

particularly with respect to the rotation of one or more storage
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media cohcentrically affixed to a central hub about a disk drive
spindle. The aforement.ioned tjnite_d States patents describe the
advantages and structure of a typical hydrodynamic bearing
comprising a central shaft (or journal) , axially disposed thrust
plates and a surroundin_g sleeve having an intermediate
lubricating fluid contained therein to allow relative motion
between the shaft and sleeve. A preferred method of filling a
hydrodynamic bearing with the lubricating fluid is also
descr:Lbed therein compris:.ng, ;,n:_e_;_gl_;g the steps of placing
the bear:mg in a wvacuum above the lubr:.cant, submerging the
bearing in the lubricant and then, while remaining fully
submerged in the lubricant, exposing the system to atmospheric
pressure. o _ _ _

' Ih some instances_, it has been suggested that a non-
: wetting, or surface enexrgy reducing coating may then be applied
to the outer edges of the bearing seals following the lubricant
‘fluid £ill to help deter lubricant from escaping from the seals.
Utilizing this technique however, extreme care must be exercised
in the application of the coating and the selection of the areas
to which it is applied to avoid contamination of the lubricant.
. The surface energy of the metal surface of the bearing is also
much higher than the typical lubricant oil, making removal of
excess lubricant from thé metal surface very difficult,
particularly without the cpntinuing availability of effective
solvents such as chloroflﬁoroi:arbons ("CFCs" e.g. Freon™).
Ali:erﬁative, environmentally 'accept:a.ble solvents are not very
effective in removing excess lubr:.cant from the metal surface
and with their use there is a rema:.nzng risk that the solvent
will enter the bearing and contaminate the lubricant. As a
result, this highly localiz_ed application of a non-wetting
" coating does not address the pfoblems attendant removal of
excess lubricating fluid from the external surfaces of the
bearing following a filling operation. '

SuM F_T T
In marked distinction, a particular embodiment of the
'present invention contemplates the selective application of a
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surface energy reduc1ng coatlng, for example,_ a synthetic
fluorine contalnlng res1n such as Teflon“‘_or a thin £ilm
barrler material whlch exhibits low surface energy and inhibits
surface spread or mlgratlon of 1ubr1cat1ng flu1d .such as
NYEBAR"'M to the entire outer surface of the hydrodynamic
bearing prior to the lubricant f1u1d f111 As dlsclosed hereln,

the bearing may be set within a fixture which is operative to .
'select:.vely occlude selected port:.ons of the surface tension

seal formlng gaps allow1ng the outer bear1ng surfaces to be
covered with the coat:.ng by spray::.ng, :|.mmers:|.on or other means
while s1mu1taneously preventlng the coatlng from later
contaminating ‘the 1ubr1cant or otherwise 1nterfer1ng w1th the
surface tensron seal to be formed within the gap. By selective
construction of the f1xture—to~surface tension seal forming gap
interface, the coatrng' may also be allowed to. extend a
relatively:short distance w1th;n the gap, but dlsplaced.from the
surface tension seal itself to provide a secondary barrier bead
at the perlphery' of the gap to augment retentlon of the
lubricant within the seals.

Broadly, what J.S dlsclosed is a hydrodynam:.c bearn.ng
including a centrally d;sposed shaft and a circumferentially
surrounding sleeve for relatzve motlon_therebetween. The
bearing further includes a void for retaining'a lubricant fluid
disposed 1ntermed1ate the shaft and the sleeve wherein the
lubricant fluld may form at least one surface tension seal
within a gap communlcatlng w1th an exterior surface of the shaft
and the sleeve. The 1mprovement comprzses a surface energy
reducing'coatihg applied to the exterior surface of the shaft
and the sleeve. 'Iu'a particular embodiment, the coating, which

‘1ihay comprise a synthetic fluorine containing resin, extends at
‘least partially within the gap displaced from the surface

tension seal. )
In accordance with the preseht invention there is disclosed
a system and method for removing excess lubricant from the
exterior surfaces of a hydrodynamic bearing having at least omne
surface tension seal forming gap disposed between a shaft and a
circumferentially surrounding sleeve. The system comprises
3
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means for selectively occluding predetermined portions of
the surface te'n.sion seal forming gap and means for applying a
surface energy reducing coating to the exterior surfaces of the
hydrodynamic 'bea:.:'ing whil_e the predetermined portions of the
surface tension seal forming gap are occluded. The system
further caMprises means for filling_the hydrodynamic bearing
with a lubricant to produce a surface tension seal within the
surface tension seal fo:_;ming gap and means for removing excess
areas of the lubricant from the exterior surfaces of the
hydrodynemic bearing coated with the surface energy reducing
coating. ' | |

BRIEF DESCRIPTION OF THE DRAWINGS

The aforementioned and other features and objects of the
invention and the manner of attaining them will become more
apparent and the inve_xjxt:i,on itself will be best understocd by
reference to the fdl'iowi_'.ng description of a preferred
embodiment, taken in donj_unct_:ion with the accompanying drawings,
wherein: ' _ .

Fig. 1 is a cross-sectionel, side eievetional view of a
coating system in accordance with the present invention for
applying a surface energy lcwering coating to selected portions
of a typical hydrodynamic bearing utilizing a pair of fixtures
for occluding selecte'd'p'ortio_ns of the surface tension seal
prbdticing gaps thereof prio:_c' to a lubricant fluid £ill step;

Fig. 2 is an enlarged cross-sectional, side elevational
view of a portion of the hydrodynami_c bearing of Fig. 1
illlus'trating the insert;i_on of a distal ridge extending from an
_annuiar extension of a fixture within a surface tension
prodﬁcing gap of the bearing as 'a_ surface energy lowering
coating is applied, for example, by spraying on the outer
suffaces thereof; _

"Fig. 3 is a follow on, cross-sectional, side elevational
view of the same portion of the hydrodynamic bearing of Fig. 2
with the fixture removed from the surface tension seal producing
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gap and the bearing being filled.'with"a lubricant £luid
following the" appllcatlon of a surface energy lowerlng coating
illustrating the productlon of a secondary barr;er bead

"displaced from the surface tens1on seal and excess lubricant

ad301n1ng the coatlng on ‘the bearing outer surfaces,

Fig. 4 is a crcss—sectlonal, side e1evat1onal view of a
hydrodynamic bearing and a c1rcumferent1ally surrounding hub
comprising ‘a portion of, for example, a disk ~drive spindle
assembly wherein the bearzng and hub are pressed or otherwise
affixed to each other prior to a vacuum dip lubricant f£ill of
the bearing illustrating the possible utilization of vacuum and
air cannulae for removing excess lubricant fluid from the
surface energy lowering coating covered outer surfaces thereof;
and

Fig. 5 is a bottom plan view of the hydrodynamlc bearing
and hub of Fig. 4.

OF FE o

With reference now to Fié. 1 one possible implemeutation of
a coating system 10 in accordance with the present invention is
shown wherein a surface energy reducing coating, for eﬁample, a
synthetic fluorine containing resin such as Teflon™ or a thin
film barrier material which exhibits low surface energy and
inhibits surface spread or migration of lubricating fluia such
as NYEBAR™, is sprayed ox otherwise depos1ted onto the outer
surfaces of a hydrodynamlc bearlng 12 other than w1th1n selected
portions of the surface tension seal produclng gaps thereof.
The coating system 10 contemplates the utilisation of first and
second fixtures 14, 16 to selectively occlude selected portions

"of the surface tension seal forming gaps of the hydrod?namic

bearing 12 prior to application of a surface energy reducing
coating to the exterior surfaces of the bearing 12.

The hydrodynamic bearing 12, conventlonally 1ncorporates a
central shaft or journal 18 and a c1rcumferent1a11y surrounding
sleeve 20. First and second surface tensicn“seal producing gaps

- 22, 24 allow formation of a surface tensmon seal to maintain a

lubricant f£luid between the shaft 18 and surrounding sleeve 20.
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In the embodiment illustrated, the sleeve 20 further includes a
bushing 26 secured thereto or formed as a part thereof. First
and second thrust piates'28,_30 adjoin the portions of the shaft
18 ‘adjacent the ends of the sleeve 20. The first and second
thrust plates 28, 30 may be formed as a portion of the shaft 18
or rigidly affixed thereto by other means. The bearing 12 also
includes a void 32 for containing a lubricant £luid intermediate
the shaft 18 and surrounding bushing 26 as well as one or more
passageways 34 as described in the aforementioned United State

‘Patents.

The first and second fixtures 14, 16 comprise a cup-shaped
member 40 having a concave cévity 42 formed therein to adjoin
the opposing ends of the shaft 18 of the bearing 12. The
members 40 are urged towérd the ends of the bearing 12 and held

“in position with respect thére;o and are later retracted from

the bearing 12 following the application of the surface energy
reducing coating as will be moxe fﬁlly described hereinafter.
The members 40 further include an annular extension 44 having a
distal ridge 46 formed thereon for insertion within the first
and second surface tension seal producing gaps 22, 24 as shown.
In the embodiment illustréted, the first and second fixtures 14,
16 also include a channel 48 which cdmmunicates with the concave
cavity 42 to allow application of the surface energy reducing
coating to the portiomns of the bearing adjoining the ends of the
shaft 18 and first and second thrust plates 28, 30. By means of

‘the channel 48, the coating may be applied to the thrust plate
“outer surfaces 52 in addition to the sleeve outer surfaces 50

not covered by the first and second fixtures 14, 16.

Although not illustrated, it is within the contemplation of
the invention that the fixtures 14, 16 include channels
extending through the annular extension 44 and distal ridge 46
to enable a lubricant fluid to be applied to the first and

- second surface tension_seal producing gaps 22, 24 to effectuate

a lubricant £ill operation of the bearing 12 in addition to

iproviding the selective occlusion of the first and second

surface tension seal prodnciﬁg gaps 22, 24 as disclosed herein.
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With reference additionally ﬁpw_to Fig. 2, a more detailed
view of the coating system 10 of the present iﬁvention is shown..
In this illustratiqﬁ,'the 1ubricent void Golintermediate the
‘sleeve 20 and shaft 18 (including the'first thrust plate 28) is
shown. The lubricant void 60 will be filled with a lubricant
fluid following the deposition of the surface energy.reducing
coating 62 as shown. As shown, the annular extension 44, which
includes the distal rldge 46 extends within the flrst surface
tension seal producing gap 22 to selectlvely occlude portions of
the gap prior to application of the coatiné 62 when the first
fixture 14 is urged toward engagement with the bearlng 12. The
coating 62 may be applled by spraylng, immersion or other
deposition technlque to effectuate_lts adherence to the outer
surfaces of the beafing_inclu&ing;the sleeve outer surface 50
and the thrust plate oﬁter’ surface 52. By. selectively
determining the shape of the phys1cal interface between the
annular extension 44 and distal rldge 46 with the first surface
tension seal produc;ng gap 22, a secondary barrler bead 64
comprlslng the coatlng 62 ﬁay also be formed whzch extends a
relatively short dlstance w1th1n the first surface tension seal
produ01ng gap 22 as w111 be further illustrated herelnafter

Wlth reference now to Flg. 3 the portion of the bearing 12
illustrated in Flg. 2 is shown follow1ng withdrawal of the first
fixture 14 from the beerlng 12. As can be seen, a lubricant
fluid 66 has been inserted within the lubricant void. 60 to
ultimately form a sﬁfface'tension seal 68_within the first
surface tension seal produclng gap 22. The bearing 12 may be
filled with the lubrlcant fluid 66 through a ‘number of
techniques including a vacuum/1mmers1on technlque as well as
through the use of the fixtures 14, 16 as prev1ously descrlbed.

The surface tension seal 68 extends partially within the
first surface tension seal producing 'gap 2_2 .leaving a gap
sidewall 70 extending up to the gaﬁ/beed interface 72 adjoining
the secondary barrier bead 64. The seCOndary barrier besd 64
extends a relatively short distance within the first surface
tension seal prpducing gap 22'but'is displaced from the surface
tension seal 68 itself. In practice, it is possible that a
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small amount of the lubricant fluid 66 cqmprising a liquid film
of on the order of only a few angstroms may adjoin the gap

' sidewall 70 despite the formatlon of the surface tension seal

68. In thls instance, ‘the secondary barrier bead 64 formed of
the coating 62 will function to further preclude the escape of

‘any of the lubricant fluid 66 from the first surface temsion

seal ‘producing gap 22.

' Through the use of the energy ‘reducing coatlng technlque
herein disclosed, excess lubricant 74 which may partially adhere
to the coating 62 will tend to bead up and roll off following
the lubricant fluid 66 £ill. of the'bearing 12. Any excess
lubricant 74 which remains on the coated surfaces can be readily

" removed with a blast of air or by means of a vacuum suction

applied adjacent the surface.

: With reference addltlonally now to Figs. 4 and 5, a system
for removing excess lubricant 74 from the coated surfaces of a
hydrodynamic bearing and associated structure is shown
comprising a cleaning system 80. In this illustration, the
cleaning system 80 ig utilized in.conjunction with a spindle 82
and circumferentially surxounding hub 84 as may be utilized, for
example, as a spindle aésembly for a computer mass storage disk
drive. The hub 84 may be formed as a portion of the spindle 82
sleeve or otherwise rigidly affixed thereto through wvarious
téchniques. The spindle 82 incorporates a hydrodynamic bearing
having surface tension seals 86, 88 as previously described.
Thé'hub 84 presents a motor cavity 90 for retention of the
varlous motor elements for electrically rotating the hub 84
about the shaft of the splndle 82.

In this exemplary 111ustrat10n of a cleaning system 80, the
bearing'portion of the spindle 82 is filled with a lubricant
£luid while the same is affixed to the hub 84. This may,
therefore, result in excess lubricant 74 adhering to wvarious
surfacés of the hub as Well when the bearing is filled in a
vaCuum_immersion process“for gxample. Since the outer surfaces
of the hub 84 may also have been préviously coated with the
surface energy reducing'coating as described above, the excess
1ubricant 74 can be removed by a suction force applied through a
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vacuum cannula 92 in conjunct:l.on w:.th or :Ln 11eu of, a blast of
air applied through an air cannula 94. of course, the excess
1libricant 74 may also be remorved by w1p1ng,' such as with a clean
rag or the like. _

In a preferred embodiment, the 'coating 62 may be a surface
energy reducing coating, for example, a synthetic £fluorine
containing resin such as Teflon™ disSoIvec} or | suspended in a
solvent. When 'appi'ied' to the sleeve outer surface 50, thrust
 plate outer surface ‘52 or the outer surfaces of the assoc:l.ated
structure such as 'a hub 84, the solvent evaporates leav:.ng a
relatively thin 1ayer ‘of the surface energy reducing agent. An
alternative preferred material is a th:l.n f:|.1m barr:.er material
which exhibits low surface energy and :mh:.b:.ts surface spread or
migration of the 1ubr1cat1ng flu:.d. One exa.mple is available
under the brand name l\TYEBAR"'M Inasmuch as most l:Lqu:.ds tend to
adhere to surfaces w:Lth high energy, llqu:l.ds such as the
lubricant fluid will ‘tend to bead up on the non-wetting, surface
energy reducing agent applied to the exterior surfaces of the
bearing 12. The 'u:se of the first and second fixtures 14, 16
exposes only the exter:l.or areas of the bearing 12 or hub 84
intended to be coated with the coat:.ng 62.

After the coating 62 has dried on the exterlor surfaces of
the bear:Lng 12 and any assoc:.ated structure such as the hub 84,
a curing step may’ be effectuated by means of baking the
structure at an elevated temperature for a predeterm:.ned perlod.
of time. In the event a bak:l.ng step is des:.red the bak:.ng
process can take place either pr:.or to or after removal of the
first and second fixtures 14; 16 from engagement with the
hydrodynamic bearing 12. In addition to a blast of air through
an air cannula 94 or suction through a vacuum cannula 92, any
excess lubricant 74 which might still remain on the surface may
be removed by adding a small amount of solvent to the air blast
to help absorb the excess lubricant 74. While there have been
described above the principals of the present invention in
conjunction with specific apparatus, it is to be clearly
understood that the foregoing description is made only by way of
example and not as a limitation to the scope of the invention.
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Particularly, it should be recognized that the principals of the
i.nvention are likewise applicable to hydfodynamic bearings
having one or more inverted surface tension seals as described
in the aforementioned United State Patent Application Serial No.
08/388,380, filed February 14, 1995. Moreover, although the
"surface tension seal producing' gaps shown herein have been
_illustrated as taperéd gaps, they may also coanpfise linear or
non~-linear gaps effeétive for proaucing surface tension seals
which function to maintain the lubricant fluid within the
hydrodynamic bearir;g. In particular situations, it may also be
advantageous to coat the various piece parts comprising the
hydrodynamic bearing prior to their assembly together and still
realize the advantages of the surface energy lowering coating
and secondary barrier seal herein disclosed.
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What is claimed is:
1. A hydrodynamic bearing including a centrally disposed shaft
and a Circumferentially surrounding sleeve for relative motion
therebetween, said bearing further 1nclud1ng a lubricant fluid
retaining void 1ntermed1ate said shaft and said sleeve wherein
said lubricant fluid may form at least one surface tension seal
within a gap communicating w1th an exterior surface of said
shaft and said 8leeve, the 1mprovement, in combination
comprising: .

a surface energy reduc1ng coating applled to said exterior
surface of said shaft and said sleeve
2. The hydrodynamic bearing of claim 1 wherein said coating
extends at least partlally within sald gap and 1s_d1splaced from
said surface tension seal.
3. The hydrodynamic bearing of claim 1 wherein said coating
comprises a synthetic fluorine containing resin.
4. The hydrodynamic bearing of claim 1 wherein said gap is a
tapered gap.

5. The hydrodynamic bearing of claim 2 wherein said portion of

said coating extending at least partially within said gap forms
a secondary barrier bead.

6. A system for removing excess lubricant from the exterior
surfaces of a hydrodynamic bearing having at least one surface

tension seal forming gap disposed between a shaft and a

circumferentially surrounding sleeve, said system comprising:

means for selectively occluding predetermined portions of
said surface tension seal forming gap;

means for applying a surface energy reducing coating to
said exterior surfaces of said hydrodynamic bearing while said
predetermined portions of said surface tension seal forming gap
are occluded;

means for filling said hydrodynamic bearing with a
lubricant to form a surface tension seal within said surface
tension seal forming gap; and '

means for removing excess areas of said lubricant from said
exterior surfaces of said hydrodynamic bearing coated with said

surface energy reducing coating.
‘This Shect Has Been:Replaced -
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7. The system of claim 6 wherein said occluding means
" comprises a fixture having an annular distal ridge for insertion
within said surface tension seal forming gap.
8. The system of claim 7 wherein said applying means comprises
a surface energy réducing coating dip. _
9. The'system of claim 7 wherein said applying means comprises
a surface energy reducing coating spray. _
10. The system of claim 6 wherein said f1111ng means comprises
a vacuum aided lubricant dip of said bearing.
11. The systeﬁ of claim 6 wherein said. removing means comprises
an air blast directed toward said excess lubricant.
12. The system of claim 6 wherein said surface energy reducing
coating comprises a synthetic fluorine containing resin.
13. 2 process for removing excess lubricant from the exterior
surfaces of a hydrodynamic bearing having at least one surface
tension seal forming gap disposed between a shaft and a
circumferentially surrounding sleeve, said process comprising
the steps of:

selectively occluding predetermined portions of said-
surface tension seal forming gap:;

applying a surface energy reducing coating to said exterior
surfaces of said hydrodynamic bearing while said predetermined
portions of said surface tension seal forming gap are occluded;

filling said hydrodynamic bearing with a lubricant to
produce a surface tension seal within said surface tension seal
forming'gap;'and'

removing said excess lubricant from said exterior surfaces
of said hydrodynamic bearing coated with said surface energy
reducing coating.
14. The process of claim 13 wherein said step of occluding is
carried out by a fixture having an annular distal ridge for
insertion within said surface tension seal forming gap.
15. The process of claim 13 wherein said step of applying is
carried out by means of a synthetic fluorine containing resin.
16. The process of claim 15 wherein said step of applying is
carried out by dipping said bearing in said synthetic fluorine
gontaining resin. .
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17. The process of ¢laim 15 whereln sald step of applying is
carried out by spraylng sald. bearlng with sald synthetlc
fluorine containing resin. .

18. The proceSS'of claim 13 wherein'said'step of'filling is
carried out by a vacuum aided lubrlcant d1p of said bearlng.

19. The process of clalm 13 whereln said step of removing is

carried out by an air blast d;rected toward said excess

lubricant.
20. The process of c1a1m 13 whereln sa1d step of remov;ng is

carried out by 'vacuumlng sazd excess lubrlcant from said

exterior surfaces.

21. The process of c1a1m 13 further compr1s1ng the step of:
‘baking said coatlng to sald exterlor surfaces of said

hydrodynamlc bearlng prlor to said step of filling.

22. The process of claim 13 further compr1s1ng the step of:
baklng sazd coat1ng to said exterlor surfaces of said

hydrodynamlc bearing follow1ng said step of filling.
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