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COATING SYSTEM AND METHOD FOR FACILITATING 
THE CLEANING OF A HYDRODYNAMIC BEARING 

AND A SECONDARY SEAL STRUCTURE MADE THEREBY 

CROSS REFERENCE TO BEI.ATED PATSNTS 

The present invention is related to the subject matter of 
United States Patents No.: 4,795,275 for •Hydrodynamic Bearing• 
issued January 3, i9B9; 5,067,528 for "Hydrodynamic Bearing•· 
issued November -26, 1991; and 5, 112, 142 for "Hydrodynamic 
Bearingn ·issued May 12, 1992, all ·issuing to Digital Equ~pment 
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 ·Bearing Having Inverted Surface Tension 
Seals" and Serial No. 08/363,566 filed December 22, 1994 for 
"Self-Contained Hydrod:Ynamic Bearing Unit", both also assigned 
to Quantum Corporation. The ·disclosures ~f the foregoing 
patents and patent applications are hereby specifically 
incorporated herein by this reference. 

BACKGROUND OF THE INyENTION 

The present.invention relates, in general, to the field of 
hydrodyna:mic bearings and the manufacture thereof. More 
particularly, the present inven;ion relates to a coating system 
and method for facilitating the cleaning of hydrodynamic 
bearings and their associated structure by applying 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 fill. The coating 
system and method of the present invention may also 
advantageously be utilized to produce a secondary barrier seal 
extending a rel_atively short distance into and adjoining 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 concentrically affixed to a central hub about a disk drive 

spindle. The aforementioned United States patents describe the 

advantages and structure of a typical hydrodynamic bearing 

comprising a central shaft (or journal), axially disposed thrust 

plates and a surrounding 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~bed therein comprising, inter alia, the steps of placing 

the bearing in a vacuum above the lubricant, submerging the 

bearing in the lubricant and then, while remaining fully 

submerged in the lubricant, exposing the system to atmospheric 

pressure. 

In some .instances_, it has been suggested that a non­

wetting, or surface energy reducing coating may then be ~pplied 

to the outer edges of the bearing seals following the lubricant 

fluid fill 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 9f the lubricant. 

The surf ace energy of the metal surf ace of the bearing is also 

much higher than the typical lubricant oil, making removal of 

excess lubricant fx:om the metal surface very difficult, 

particularly without the continuing availability of effective 

solvents such as chlorofluorocarbons ( "CFCsn e.g. Freon™). 

Alternative, environmentally acceptable solvents are not very 

effective in removing excess lubricant from the metal surface 

and with their use there is a remaining risk that the solvent 

will enter the bearing and contaminate the lubricant. As a 

result, this highly localized application of a non-wetting 

coating does not address the problems attendant removal of 

excess lubricating fluid from the external surfaces of the 

bearing following a filling operation. 

StJMMAR.Y OF THE INVENTION 

In marked distinction, a particular embodiment of the 

present invention contemplates the selective application of a 
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surf ace energy reducing coating I f Or example I a synthetic 

fluorine containing resin such· as Teflon™ or a thin film 

barrier material w:hi.ch exhibits low. surface energy an«;i inhibits 

surface spread or migration . of lubricating fluid . such as 

NYEBARTM, to the entire outer surf ace of . the hydrodynamic 

bearing prior to the lubricant fluid fill. As disclosed herein, 

the bearing may be set within a fixture which is operative to . 

selectively occlude selected portions of the surface tension 

seal forming gaps allowing the outer bearing surfaces to be 

covered with.the coating by spraying, immersion or other-means 

while simultaneously preventing the coating from later 

contaminating the lubricant or otherwise interfering with the 

surface tension seal to be formed within the gap. By selective 

construction of the· fix~ure-to-surface tension seal forming gap 

interface, the coating may also be allowed to. extend a 

relatively short distance within the gap, but displaced.from the 

surface tension seal itself, to provide a secondary barrier bead 

at the periphery of the gap to augment retention of the 

lubricant within the seals. 

Broadly, what is disclosed is a hydrodynamic bearing 

including a centrally disposed shaft and a circumferentially 

surrounding sleeve for re~ative motion therebetween. The 

bearing further inclu~es a void for retaining a lubricant fluid 

disposed intermediate the shaft and the sleeve wherein the 

lubricant fluid• may form at least ·one surface tension seal 

within a gap' communicating with an exterior surface of the shaft 

and the sleeve. The improvement comprises a surface energy 

reducing coating applied to the exterior surface of the shaft 

and the sleeve. In a particular embodiment, the coating, which 

may comprise a synthetic fluorine containing resin, extends at 

least partially within the gap displaced from the surface 

tension seal. 

In accordance with the present invention there is disclosed 

a system and method for removing excess lubricant from the 

exterior surfaces of a hydrodynamic bearing having at least one 

surface tension seal forming gap dieposed between a shaft and a 

circumferentially surrounding sleeve. The system comprises 
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means for selectively occluding predetermined portions of 

the surf ace tension seal forming gap and means for applying a 

surf ace energy reducing coating to the exterior surf aces of the 

hydrodynamic bearing while the predetermined portions of the 

surface tension seal forming gap are occluded. The system 

further comprises means for filling the hydrodynamic bearing 

with a lubricant to produce a surface tension seal within the 

surface tension seal forming gap and means for removing excess 

·areas of the lubricant from the exterior surfaces of the 

hydrodynamic bearing coated with the surface energy reducing 

coating. 

BRIEF DESCRIPTION OF THE DBAWINGS 

The aforementioned and other features and objects of the 

invention and the manner of attaining them will become more 

apparent and the inveI'lt.:\on itself will be best understood by 

reference to the following description of a preferred 

embodiment, taken in conj:unction with the accompanying drawings, 

wherein: 

Fig·. l is a cross-sectional, side elevational view of a 

coating system in a<;:cordance with the present invention for 

applying a surf ace energy lowering coating to selected_ portions 

·of a typical hydrodynamic bearing utilizing a pair of fixtures 

for occluding selected portions of the surface tension seal 

producing gaps thereof prior to a lubricant fluid fill step; 

Fig. 2 is an enlarged cross-sectional, side elevational 

view of a portion of the hydrodynamic bearing of · Fig. 1 

illustrating the insertion of a distal ridge extending from an 

annular extension of a fixture within a surface tension 

producing gap of the bearing as a surface energy lowering 

coating is . applied, for example, by spraying on the outer 

surfaces 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 fillE!d with a lubricant fluid 

following the application of a surface energy lower;ng coating 

illustrating the p'roduction of·· a secondary barri,er bead 

. displaced from the surface tension seal and excess lubricant 

adjoining the coating on the bearing outer surfaces; 

Fig. 4 is a cross-sectional, side elevational view of a 

hydrodynamic bearing and a circumferentially surrounding hub 

comprising ·a portion of, for example, a disk drive spindle 

assembly wherein the bearing and hub are pressed or otherwise 

affixed to each other prior to ·a vacuum dip lubricant fill 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 hydrodynamic bearing 

and hub of Fig. 4. 

DESCRIPTION OF A PMFEBRED EMBODIMENT 

With reference now to Fig. 1 one possible implementation of 

a coating system 10 in ac~ordance with the present invention is 

shown wherein a surface energy reducing coating, for example, a 

synthetic fluorine c.ontaining resin such as TeflonTM or a thin 

film barrier lna.teria~ which eXhibi ts low surface energy and 

inhibits surface spread or migration of lubricating fluid such 

as NYEBARTM, is sprayed or otherwise deposited onto the outer 

surfaces of a hydrodynamic bearing 12 other than within selected 

portions of the surface tension seal producing gaps thereof. 

The coating system 10 contemplates the utilization of first and 

second fixtures 14, 16 to selectively occlude selected portions 

of the surf ace tension seal forming gaps of the hydrodynamic 

bearing 12 prior to application of a surface energy reducing 

coating to the exterior surfaces of the bearipg 12. 

The hydrodynamic bearing 12, conventionally incorporates a 

central shaft or journal 18 and a circumferentially surrounding 

sleeve 20. First and second surface tension seal producing gaps 

22, 24 allow formation of a surface tension seal to maintain a 
lubricant fluid 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 plates 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 fluid 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 C0'1Prise a cup-shaped 

member 40 having a concave cavity 42 formed therein to adjoin 
the opposing ends of the shaft 18 of the bearing 12. The 

members 40 are ·urged toward the ends of the bearing 12 and held . . 
in position with respect thereto and are later retracted from 
the bearing 12 following the application of the surface energy 
reducing coating as will be more fully 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 illustrated, the first and second fixtures 14, 

16 also include a channel 48 which communicates with the concave 
cavity 42 to allow application of the surface energy reducing 
coating to the portions 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 fill operation of the bearing 12. in addition to 
·providing the selective occlusion of the first and second 
surface tension seal producing gaps 22, 24 as disclosed herein. 
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With reference additionally now to Fig. 2, a more detailed 

view of the coating syst~ 10 ~f the present invention is shown .. 

In this illustratic:>n, the lubricant void 60 intermediate 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 ridge 46, extends within the first .surface 

tension seal producing gap 22 to selectively occlude portions of 

the gap prior to application of the coating 62 when the first 

fixture 14 is urged toward engagement with the bearing 12. The 

coating 62 may be applied by spraying, immersion or other 

deposition technique to effectuate its adherence to the outer 

surfaces of the bearing_ including the sleeve outer surface SO 

and the thrust plate outer· surface 52. By. selectively 

determining the shape of the physical interface between the 

annular extension 44 and distal ridge 46 with the firs.t surface 

tension seal producing gap 22, a secondary barrier bead 64 

comprising the coating 62 may also be formed wQich extends a 

relatively short distance ·within the first surface tension seal 

producing gap 22 as will be further illustrated hereilla.fter. 

With reference now to Pig. 3, the portion of the bearing 12 

illustrated in Fig. 2 ;i.s shown following withdrawal of the first 

fixture 14 from the bearing 12. As can be seen, . a lubricant 

fluid 66 has been inserted within the lubricant void. 60 to 

ultimately form a surface tension seal 68 within the first 

surface tension seal producing gap 22. The bearing 12 may be 

filled with the lubricant fluid 66 through a number of 

techniques including a vacuum/imme.rsion technique as well as 

through the use of the fixtures 14, 16 as previously described. 

The surface tension seal 68 ·extends partially within the 

first surface tension seal producing g-ap 22 leaving a gap 

sidewall 70 extending up to the gap/bead interface 72 adjoining 

the secondary barrier bead 64. The secondary barrier bead 64 

extends a relatively short distance within the first surface 

tension seal producing 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 comprising a liquid film 
of on the order of only a few angstroms may adjoin the gap 
sidewall 70 despite the formatioi;i of the surface tension seal 
68. In.this instance, the secondary barrier bead 64 formed of 

the coating 62 will function to further preclude the escape of 

any 9f the lubricant fluid 66 from the first surface tension 
seal producing gap 22. 

Through the use of the energy reducing coating technique 
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 fill. 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 sur~ace. 

With reference additionally 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 
com.Prising a cleaning system 80. In this illustration, the 
cleaning system 80 is utilized in conjunction with a spindle 82 
and· circumferentially sur~ounding hub 84 as may be utilized, for 
exan1ple, as a spindle assembly 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 various 
techniques. The spindle 82 incorporates a hydrodynamic bearing 
having surface tension seals 86, 88 as previously described. 
The hub 84 presents a motor cavity 90 for retention of the 
various motor elements for ele(:!trically rotating the hub 84 
about the shaft of the spindle 82. 

In this exemplary illustration of a cleaning system 80, the 
bearing portion of the _spindle 82 is filled with a lubricant 
fluid while the same is affixed to the hub 84. This may, 
therefore, result in excess lubricant 74 adhering to various 

surfaces of the hub as well when the bearing is filled in a 
vacuum immersion process for example. Since the outer surfaces 

'. 

of the hub 84 may also have been previously coated with the 
surface energy reducing coating as described above, the excess 

lubricant 74 can be removed by a suction fo~ce applied through a 
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vacuum cannula 92 in conjunction with, or in lieu of, a ·blast of 

air applied through an air cannula 94. Of course, the excess 

lubricant 74 may also be rem0ved by wiping, 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'™ dissolved or suspended in a 

solvent. When appiied to the sleeve outer surface 50, thrust 

plate outer surf ace .· 52 or the outer surfaces of the associated 
. . 

structure such as a h\lb 84, the sol ~ent evaporates. leaving a 

relatively.thin layer of the surface energy reducing agent. An 

alternative preferred material is a thin film barrier material 

which exhibits low surface energy and inhibits surface spread or 

migration of the lubri~ating fluid. One example is available 

under the brand name NYEBARTM. Inas~ch as most liquids tend to 

adhere to surfaces with high energy, liquids 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 use of the first and second fixtures 14, 16 

exposes only the exteri~r areas of the bearing 12 or hub 84 

intended to be coated with the coating 62. 

After the coating 62 has dried on the exterior surfaces of 

the bear~ng 12 and any associated structure such as the hub 84, 

a curing ·step may: be effectuated by means of baking the 

structure at an elevated temperature for a predetermined period 
. . 

of time. In the event a baking step is desired, the baking 

process can take place either prior 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 arid not as a limitation to the scope of the invention. 
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Particularly, it should be recognized that the principals of the 

invention are likewise applicable to hydrodynamic 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 herei~ have been 

illustrated as tapered gaps, they may also comprise linear or 

non-linear gaps effective for producing surface tension seals 

which function to maintain· the lubricant fluid within the 

hydrodynamic beari~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 f~J:'. relative motion 

therebetween, said bearing further including a lubricant fluid 

retaining void intermediate said shaft, and said sleeve wherein 
said lubricant fiuid may form at least one surface tension seal 
within a gap communicating with an exterior surface of said 
shaft and said sleeve, the improvement, in combination 
comprising: 

a surf ace energy reducing coating applied to said exterior 

surface of said shaft and said sleeve. 

2. The hydrodynamic bearing of claim 1 wherein said . coating 

extends at least partially within said gap and is displaced 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 hydrod~amic bearing having at least one surface 
tension seal forming gap disposed between a shaft and a 
circumferentially surrounding sleeve, said system coroprising: 

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. 
11 
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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 coll\Prises 
a surface energy reducing coating dip. 
9. The system of claim 7 wherein said applying means comprises 
~ surface energy reducing coating spray. 

10. The system of claim 6 wherein said filling means comprises 
a vacuum aided lubricant dip of said bearing. 

11. The system 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. A process ·for remoying excess lubricant from the exterior 
surfaces of a hydrodynamic bearing having at least one surf ace 

tension seal forming gap disposed between a shaft and ~ 

circumferentially surrounding sleeve, said process comprising 
the steps of: 

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

applying a surf ace energy reducing coating to said exterior 
surfaces of said hydrodynamic bearing while said predetermined 

portions of sa:id surfa~e tension seal forming gap are occ.luded; 
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 
containing resin. 
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17. The process _of claim 15 wherein said step of applying is 

carried out by . spraying said bearing with said synthetic 

fluorine containing resin . 

18. The process of claim 13 wherein said step of filling is 

carried out ~y a vacuum aided lubricant dip of said bearing. 

19 . The process of claim 13 wherein said step of removing is 

·carried out by an air bla~t directed toward sa:i,d excess 

lubricant. 

20. The process of claim 13 wherein said step of removing is 

carx:ied out by vacuuming said excess lubricant from said 

exterior surfaces. 

21. The process of .claim 13 further comprising the step of: 

baking said.··. coating to . said exterior surfaces of said 

hydrodynamic bearing pri_or to said step . of filling. 

22. The pro6ess of claim 13.further comprising the step of: 

baking said coating to said ·exterior surfaces of said 

hydrodynamic bearing following said step of filling. 
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