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-1- Dl SC DRI VE SPINDLE,NDTCR HAVI NG HYDRO BEARI NG W TH
LUSRT TIMZED WT oo DI SC DRI VE COVPATI BLE ADDI TI VES
BACKGROUND OF THE | NVENTI ON- &' The present invention relates
to:spindle motors for disc drive data storage devices and, nore
particul arly, viowomesirm zed | ubricating fluids for a hy drectyvssen 25
bearing within the spindle notor. Di sc drive data storage
devi ces, known as 10 "Wnchester"” type disc drives, are well-known in the
industry. In a Wnchester disc drive, digital data is witten to and
read froma thin | ayer of nagnetizable naterlal on the surface of
rotating discs. Wit d gh a
transducer which 15 DLse DRI Hg%lgg

t ransducer are songf‘gi |v nd
typically a single head ace The
heads are sel ectively noved un cmcanrg Tn@ectronlc circuitry

to any one ofbsa 20 plural "lt%'e of rg égl aimﬁe%?flggntﬂefa data tlra%céli an t he
y e e. u

di sc surface an actuat or vicC a
sel f-acting air bagtPrg Sorfdiésc Adsiveedaracstorage Jdevices and, more

particularly, to optimized lubricating fluids for a
hydrodynamic bearing within the spindle motor.

Disc drive data storage devices, known as

10 "Winchester" type disc drives, are well-known in the

industry. In a Winchester disc drive, digital data is

written to and read from a thin layer of magnetizable

material on the surface of rotating discs. Write and

read operations are performed through a transducer which

15 is carried in a slidexr body. The slider and transducer

are sometimes collectively referred to as a head, and

typically a single head is associated with each disc

surface. The heads are selectively moved under the

control of electronic circuitry to any one of a

20 plurality of circular, concentric data tracks on the

disc surface by an actuator device. Each slider body

includes a self-acting air bearing surface. As the disc

rotates, the disc drags air beneath the air bearing

surface, which develops a lifting force that causes the

25 slider to lift and fly several microinches above the
disc surface. ,

In the current generation of disc drive

products, the most commonly used type of actuator is a

rotary moving coil actuator. The discs themselves are

30 typicallv mounted in a "stack"” on the hub structure of

a brushless DC spindle motor. The rotational speed of

the spindle motor is precisely controlled by motor drive

circuitry which controls both the timing and the power

of commutation signals directed to the stator windings
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-2- of t heofivthe motepi c Ayrsaddspimbleo mosperespedds dalvecheem in  t he

range of 3600 ReMk ﬁﬁoggat 3 800 RMO 9 Yol aR it NEL ERSSTbgy hagpiﬂéf&$ or
speeds to 7200 RPM f. 000 RPM apd abg of the

principal sour cEB*B¢ A dILeT| FPeeds 9 7%8?\%”&&%@9&%@%%&?9%%91' s the
spindle notor. Disc ahe wE bhe yhaiotaipals sbavees exfe mbligebiguhidcooki ng at
repl acing C%nveﬁkkggaéaéﬁﬂAtdyhgﬁohégicgga{érEH%iéﬁindle motor. Disc
drive wmanufacturers have recently begun looking at
replacing conventional ball or roller bearings in
spindle motors .with *hydro" bearings, such as
hydrodynamic or hydrostatic bearings. A hydro bearing

10 relies on a fluid £film which separates the bearing
surfaces and is therefore much quieter and in general
has lower vibrations than conventional ball bearings.
A hydrodynamic bearing is a self—pumping bearing which
generates a pressure internally to maintain the fluid

15 film separation. A hydrostatic bearing requires an
external pressurized fluid source to maintain the fluid
separation. Relative motion between the bearing
surfaces in a hydro bearing causes a shear element which
occurs entirely within the fluid film such that no

20 contact between the bearing surfaces occurs.

This situation is unlike typical boundary or
elastohydrodynamic lubrication applications such as
roller, ball and sliding bearings, where the solid
bearing surfaces are often in contact with one another

25 and sheer stress occurs at the interface. In these
boundary . applications, the primary purpose of the
lubricant is to modify the interface to reduce wear and
friction. The interfacial chemical properties of the
lubricant are the most important.

39 In hydro bearing applications, entirely
different fluid properties are of importance to the
function of the bearing. The boundary properties are
important only during the starting and stopping of the
disc rotation. During normal operation, the most
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The lubricant properties that must be
contrxolled and the degree of control that must be
obtained are unigque to miniature hydro bearings for disc
drives. These properties include power dissipation,
viscosity and it’s temperature dependence, migration,
vapor pressure and evaporation rate, resistance to

oxidation and corrosion, rheology, boundary properties -

and system compatibility. Viscosity determines power
dissipation and bearing stiffness, which should be
relatively constant over various operating conditions.
The lubricant should have low migration so the lubricant
does not creep out of the bearing. The lubricant should
have a high resistance to oxidation and reactivity to
provide a long life for the bearing. Rheology is the
deformation and flow response to sheer.

The lubricant should also be compatible with
the other materials of the disc drive. For example,
migration or outgassing of the lubricant should not
impair the interface between the head and the disc, such
as by causing an increase in the sticking friction
between the head and the disc or a degradation of the
head structure or operation. Formulation of fluids for
appropriate hydro bearing properties therefore requires
different considerations than for fluids intended as
general purpose lubricants. Another disadvantage of
commercially available lubricants is that the exact
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I3 | nportant properties are bul k propertles The hydro .
béari ngs that are being considered for use in disc drive appl i cations
are mniature units which require small power dissipation and a
limted oil supg%&zthat must be 5 adequate for a long |ife w thout

escapi ng f r oY¥Pt bearing. Commercially available | ubPCEAINP617835e
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di sc drive. Fo
housxng and coaxial with the central axis, and a

10 rotatable member which is rotatable about the central
axis with respect to the stationary member. A stator is

fixed with respect to the housing. A rotor is supported

by the rotatable member and is magnetically coupled to

the stator. At least one data storage disc is attached

15 to and is coaxial with the rotatable member. A hydro

bearing interéonnects the stationary wmember and the

rotatable member and includes a blend of a base fluid

having a viscosity index of at least 110, an anti-

oxidant additive, anti-corrosion additive and an anti-

20 wear additive, which are effective for resisting
catalytic degradation in the hydro bearing.

In a preferred embodiment, the anti-oxidant

additive has a concentration of 0.25% to 3% by weight,

the anti-corrosion additive has a concentration of 0.05%

25 to 0.5% by weight and the anti-wear additive has a

concentration of 0.1% to 4% by weight in the blend. The

base fluid is preferably an ester, a synthetic

hydrocarbon or a blend of different esters or synthetic

hydrocarbons. The anti-oxidant additive is preferably

30 selected from the group consisting of amine and phenol.

The anti-corrosion additive is preferably selected from

the group consisting of metallic sulfonate, long chain

amines, carboxylic acid derivatives, thiadiazole and

triazole derivatives and amine phosphates. The anti-
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rot at abl e nenbeg “hﬁﬁggéﬁhéQE%&QQ[e about the centra
The disc drive data storage system further
includes an actuator and a head which is supported by
the actuator proximate to the data storage disc for
communicating with the disc. The preferred components
10 of the 1lubricating £fluid are compatible with the
interface between the head and the disc. For example,
the components do not significantly increase sticking
friction between the head and the disc caused by
outgassing of the components from the hydro bearing.
15 Also, the components do not cause degradation of the
structure or operation of the head and the disc.
BRIEF DESCRIPTION OF THE DRAWINGS
Pigure 1 is a top plan view of a disc drive
data storage device, in accordance with the present
20 invention.
Figure 2 is a sectional view of a hydrodynamic
spindle motor in accordance with the present invention.
Figure 3 is a diagrammatic sectional view of
the hydrodynamic spindle motor taken along line 3-3 of
25 Figure 2, with portions removed for clarity.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
‘The present invention is a disc drive data
storage device having a hydrodynamic or hydrostatic
bearing spindle motor with a Jlubricating f£fluid
30 composition which 1s optimized for the |unique
 requirements of a disc drive. Figure 1 is a top plan
view of a typical disc drive 10 in which the present
invention is useful. Disc drive 10 includes a housing
base 12 and a top cover 14. The housing base 12 is
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co-rotation about a central axis. Each disc surface has
an associated head 20 which is mounted to disc drive 10
for communicating with the disc surface. In the example
shown in Figure 1, heads 20 are supported by flexures 22
which are in turn attached to head mounting arms 24 of
an actuator body 26. The actuator shown in Figure 1 is
of the type known as a rotary moving coil actuator and
includes a voice coil motor (VCM), shown generally at
28. Voice coil motor 28 rotates actuator body 26 with
its attached heads 20 about a pivot shaft 30 to position
heads 20 over a desired data track along an arcuate path
32. While a rotary actuator is shown in Figure 1, the
present invention is also useful in disc drives having
other types of actuators, such as linear actuators.
Figure 2 is a sectional view of a hydrodynamic
bearing spindle motor 32 in accordance with the present
invention. Spindle motor 32 includes a stationary
member 34, a hub 36 and a stator 38. In the embodiment
shown in Figure 2, the stationary member is a shaft
which is fixed and attached to base 12 through a nut 40
and a washer 42. Hub 36 is interconnected with shaft 34
through a hydrodynamic bearing 37 for rotation about
shaft 34. Bearing 37 includes radial working surfaces
44 and 46 and axial working surfaces 48 and 50. Shaft
34 includes fluid ports 54, 56 and 58 which supply
lubricating fluid 60 and assist in circulating the fluid
along the working surfaces of the bearing. Lubricating
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Figure 2 is a sectio abgéIEMlOf a hydrodynam c spirndle notor in

accordance with tH® °3r RecyRaRi G Pearing 37. A counteyplife 63 bsags
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DETAI LED DESCRI P11 ‘&l oF TH &%D%&?N%%D Sgsft_mn hub e

present inventiorWitdhip FRinAE ROt 32- AnstQukig® Vi 8 Paovhded

hydr odynam cior Ipyehwesnat céunterplate 62 and hub 36 to seal the
hydrodynamic bearing. The seal prevents hydrodynamic

fluid 60 from escaping between counterplate 62 and hub
36. |
Hub 36 includes a central core 65 and a disc
is carrier member 66 which supports disc pack 16 (shown in
Figure 1) for rotation about shaft 34. Disc pack 16 is
held on disc carrier wmember 66 by disc clamp 18 {(also
-shown in Figure 1). A permanent magnet 70 is attached
to the outer diameter of hub 36, which acts as a rotor
20 for spindle motor 32. Core 65 is formed of a magnetic
material and acts as a back-iron for magnet 70. Rotor
magnet 70 can be formed as a unitary, annular ring or
can be formed of a plurality of individual magnets which
are spaced about the periphery of hub 36. Rotor magnet
25 70 is magnetized to form one or more magnetic poles.
Stator 38 is attached to base 12 and includes
stator laminations 72 and a stator windings 74. Stator
windings 74 are attached to laminations 72. Stator
windings 74 is spaced radially from rotor magnet 70 to
3¢ allow rotor magret 70 and hub 36 to rotate about a
central axis 80. Stator 38 is attached to base 12
through a known method such as one or more C-clamps 76
which are secured to the base through bolts 78.
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16 which is nounted for rotation on a spindle_notor (not shown) by a
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shown in FIgUFEEéEé directed to sequentially selected stator windings to
drive the rotor magnet and control its speed.

In the embodiment shown in Figure 2, spindle

motor 32 is a "below-hub" type motor in which stator 38

10 has an axial position that is below hub 36. Stator 38

also haé a radial position that is extefnal to hub 36,

such that stator windings 74 are secured to an inner

diameter surface 82 of laminations 72. In an

alternative embodiment, the stator is positioned within

15 the hub, as opposed to below the hub. The stator can

have a radial position which is either intermal to the

hub or external to the hub. In addition, the spindle

motor of can have a fixed shaft, as shown in Figure 2 ox

a rotating shaft. 1In a rotating shaft spindle motor,

20 the bearing is located between the rotating shaft and an

outer stationary sleeve which is coaxial with the

rotating shaft.

Figure 3 is a diagrammatic sectional view of

hydrodynamic spindle motor 32 taken along line 3-3 of

25 Figure 2, with portions removed for clarity. Stator 38

includes laminations 72 and stator windings 74, which

are coaxial with rotor magnet 70 and central core 65.

Stator windings 74 include phase windings Wi, vi, U1,

W2, V2 and U2 which are wound around teeth in

30 laminations 72. The phase windings are formed of coils

which have a coil axis that is normal to and intersects

central axis 80. For example, phase winding W1 has a

coil axis 83 which is normal to central axis 80. Radial

working surfaces 44 and 46 of hydrodynamic bearing 37
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In accordance with one aspect of the present

invention, the lubrication fluid includes a blend of
base fluids which are selected to optimizes power
10 dissipation and bearing load capacity (i.e. bearing
stiffness) for the particular hydrodynamic bearing
design in which the fluid is used by precisely defining
the fluid viscosity.
Power consumption (P) and bearing stiffness
is5 (K) are proportional fluid viscosity according to the
relations,
Rz0%R*

c
ppR*

Pwx

K=

c3

where u, is the absolute viscosity of the blend of

fluids, w is the rotational velocity of the hub, ¢ is

20 the gap or clearance between radial working surfaces 44

and 46 (or at axial working surfaces 48 and 50) and R is

the characteristic length of the radial and/or axial
working surfaces.

In disc drive applications having miniature

25 hydrodynamic bearings, power and load capacity are

critical. Therefore it is desirable to specify an exact

viscosity at any particular temperature for the

lubrication fluid, and the desired viscosity varies with

the size and structure of the spindle motor. Commercial
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where,
Ko the absolute viscosity of the blend of
base fluids at tewperature T.;

T, = the temperature at which the viscosity

is desired;

Vo = the kinematic viscosity of base fluid n;

n = an integer greater than one;

[ = the density of base fluid n;

Xn = the weight percent €£fraction of base
fluid n; and

X1 + X2 «+e + oo Xn = 1.

For example, if n=2 and the desired kinematic
viscosity of the blend is v, then a proper selection of
v, and v,, with v,>v>»,, results in a lubrication fluid
of the desired viscosity. ‘

Preferred base fluids include
perfluoropolyethers, esters, synthetic hydrocarbons and
highly refined (highly purified) wmineral hydrocarbons.
Most preferred base fluids include diesters, polyol
esters and polyalphaolefins (PAO’s). These base fluids
can be blended in a vatiety of combinations, but
preferred blends include a combination of esters only,

8 to base 12



t hrough a known net hod such as one or nore C-clanps 76 whi ch are
secured to the base through bolts 78. WD 97/ 16827

PCT/ US96/ 17025 Conmmut at 1 on pul ses applied to stator

wi ndi ngs 74 generate a rotating magnetic field which comunicates
with rotor magnet 70 and causes hub 36 to rotate about central axis 80
on bearing 37woMa6820nmut ati on pulses 5 are tined, polari reruspsedsect ed
DC current pul ses which are directed to sequentially sel ected stator
wi ndi ngs to drive the rotor nmagnet and control its speed.

In the enbodi nent shown in Figure 2, spindie notor 32 is a "bel ow hub”
type notor in which stator 38 10 has an axial position that is bel ow hub
36. Stator 38  a cambinatdonsof adlaklpbaiebing balyiandat epmadndwidub 36,

such that stator anatngéagﬁl cﬁfeeeaesyrsﬁdté)c AkdstNBhe olysli Risipsurface
82 of I|amnations the stator

. an al.ternati
is positioned wit ﬁf‘ﬂiy15 A St‘ﬂ%{'?‘n?og,tegso’é 938% Wtcf?é‘nﬁ?ﬁbuseqﬂé’ st at or
can have a r adternpoive iegphodhinent$ s:feﬂ:hbepresﬁm:r dakentibheif the hub or

external to the hgBuihmAddinel Q0sitdte IRICBEEEy and satisfies the other

desired properties.

These most preferred base fluids have been
found to offer several advantages in disc drive
applications over conventional petroleum-based

10 hydrocarbons that are in standard fluid lubricants.
These base fluids have a viscosity which is 1less
dependent on temperature, a lower evaporation, a lower
vapor pressure, a low migration, an improved oxidation
resistance, a similar boundary performance which can be

15 enhanced easily with additives, a better compatibility
with other materials in the disc drive and a better
control of all properties due to a known pure chemical
composition. These fluids therefore minimize
degradation of the head and disc interface and provide

20 a long life for the bearing and the disc drive.

In a preferred embodiment, the base fluids are
blended to obtain a precise absolute viscosity between
4 and 10 centipoise (cP) at 70 degrees Celsius, a
viscosity index of at least 110 and an evaporation range

25 of less than 1.0 x 103 mg/day—mm’_, based on a volume to
surface area ratio (V/A) of about 1.9-2.0 mm.

In addition, the base fluids are selected such
that the contribution of the base fluids to the sticking
friction ("stiction") between the head and the disc, due

3¢ to outgassing of the fluid from the bearing to the disc,
is preferably similar to or less than the contribution
of the existing chemicals or lubricants used in the disc
drive under various conditions such as a hot or humid
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notor of can have a fixed shaft, as shown in Figure 2 or a rotating

shaft. In a rotating shaft spindle notor, 20 the bearing is |ocated

bet ween the rotating shaft and an outer stationary sleeve which is
coaxial with the rotating shaft. ' Figure 3 is a

di agrammati c sectional view of hydr odynam ¢ spindl e notor 32 taken
along line B85  Figure 2, with portions renoved forPClUFEP2S st ot or
38 i ncludes | ami nations 72 and stator w ndings 74, which are
coaxial with rotor nmagnet 70 and centr al core 65. Stator wi ndings 74

i ncl ude phase windings W, Vi, UL, V¥2- V2 and U2 which are wound

around teeth in 30 am nat S The hase s are forne

coils whi chcﬁae -1 | %gﬁe t k%le“]lfa Sr rﬁﬂdm gq% Ficer Cclt“sdd
central axis 80. greasex@rmf@rrplfésedwpnmwgs Mifdraexgmple. coil axis 83
which is normal to centraly axi 136 ‘ ageswiddh and 46
of hydrodynam ¢ bearing 37
PCT/ US96/ 17025 ate for by the

| med
outer dianetér surface of s%aﬁ'rfo@f r?‘(fpeCt offhthgnﬁgfsﬁmérre?ventmﬁ ‘ace of
central core 65. thadilabrication fluid includes a mixture of a high

viscosity index base fluid (or blend of base fluids) and

additives which are selected such that the blend is

effective for resisting catalytic degradation while
.20 being compatible with the head-disc interface.

The viscosity of the lubrication fluid in a
hydrodynamic bearing drops with an 1increase 1in
temperature. This causes a drop in the power
dissipation and the bearing load capacity for a fluid

p having a given thickness. 1In disc drive applications

having miniature hydrodynamic bearings, large variations

in power dissipation and bearing load capacity are
unacceptable.

Viscosity index (VI) is an arbitrary method of

20 expressing the viscosity-temperature sensitivity of a

lubricant, and is often interpreted as the temperature

dependency of the viscosity. A higher viscosity index

for a fluid having a given viscosity indicates that the

viscosity of the fluid varies less with temperature.

25 Because power consumption is a critical parameter for

miniature hydrodynamic bearings in disc drives, a high

VI index is desirable. Typical viscosity indices for

several classes of fluids are shown in Table 1,

below:
— —
30 |‘| Fluid Chemical Clas Available VI Range
Refined Paraffinic 30-110
Petroleum

Synthetic Hydrocarbon 120-170
{Polyalpholefin)
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wpr ki ng surfaces 44 and 46 are separated by a | ubrication fluid 84,

which maintains a clearance ¢ 5 during normal operation. L
Optim zation O Lubricant Viscosity ~I'n accordance with one
aspect of the present i nvention, the lubrication fluid includes a

bl end of base fluids which are selected to optimzes power 10

di ssi pati on aW@ 438682 ng | oad capacity (i.e. bearing s trcirfuse@ezp2st or
the particul ar hydrodynam c beari ng design in which the fluid is used
by precisely defining the fluid viscosity. Power
consunption (P) and bearing stiffness 15 (13- are proportional fluid

vi scosity according to the rel ations,

[err]

err] [€rr] TS the absojute
viscosity of the %éhe ;C Esk ’Ll ds, [err] ]i%mt%?r@ rotational velocify of
the hub, c is 20

| ' ces 44
and 46 (or at axi plSynshethg Esrdrac@olg®land BIH-200d R i s t he ﬂ
characteristic Ietg,teliLE%oLEEoi Equh%l and/ or {3x a;Fo wor ki ng sur’race.
In disc drive_app =F=agdti=gdo——tudadynani o by gaLi-0gh

power and | oad capacity ar C | . fore It is_desirable to
specify an exact Vi sco?sttfr "fh},k&é‘ |cu%§1r &¥gePat BF e YO ¢ IF

| ubrication flui dhyéﬁﬁg?fh@’@eEFFbﬁnwasRﬁﬁPP‘? eakerLinids offer hinigjuee and
structure of the agirantsge®tior dieenaeivcé adpplications over natural and

synthetic hydrocarbon fluids. These advantages include

10 a higher viscosity index, a higher resistance to
oxidation, improved boundary lubrication properties,
lower migration compared to synthetic hydrocarbons and
lower evaporation.

For example, commercially available diester

1s fluids have a high VI index and good resistance to
oxidation, but have poor resistance to catalytic
degradation in metal-to-metal contact. This limits the
use of commercially available diester fluids in
miniature hydrodynamic bearings where the oil volume is

20 so small that even a slight break down adversely effects
the bearing properties.

Commercially available fluids do not have
adequate metal deactivating additives to last the
lifetime of the bearing. In addition, most commercially

25 available fluids have components that are not compatible
with the head-disc interface. Often, the exact
composition of commercially available fluids is not
controlled by the manufacturer. Use of these fluids can
cause unintended degradation of the disc drive

30 performance.

The lubrication fluid of the present invention
includes a blend of a high VI index base fluid, such as
a diester fluid or a polyalphaolefin, and a combination
of additives which are selected to provide the fluid
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-710- | ubricants are not available with arbitrary viscosity val ues.____
The lubrication fluid of the present invention i ncludes a bl end of base
fluids, with each base fluid having a siml|ar chem cal conposition but

a different 5 viscosity. The base fluids are precisely blended to

obtain an ové¥QP1%7’scosity which is preferably within BOTAS%AM2ADst
preferably within 2-5% of the desired viscosity. The base fluids are

bl ended according to the followi ng rel ation, [err] 10

wher e, [err] = t he absolute viskosity of the blend of

base fluids at tenperature T[err]; Tlerr] = the tenperature at

which the viscosi ¥yths anti-oxidation, | sapfekiqorgosion \[apd] metal- the
Ki nemati c vi scosi Bgaotivasing lpatogepties such that the fluid is markedly
more resistant to catalytic degradation than
commercially available ester and/or synthetic
5 hydrocarbon blends while being compatible with the head-
disc interface.

Preferred types of antioxidants include
nitrogen and, oxygen containing inhibitors, such as an
amine (arylamine), a phenol or a mixture of both. Most

10 preferred types of antioxidants include butylated
hydroxytoluene (liquid hindered phenol), alkylated
diphenyl amine, phenyl alpha naphthylamine or
combination of two or more of these antioxidants.
Preferred treatment levels of these additives in the

15 lubrication base fluid are 0.25% to 3% by mass.

Preferred types of rust and corrosion
inhibitors, or metal passivators, include metallic

sulfonate, long chain amines, carboxylic acid
derivatives, thiadiazole and triazole derivatives and
20 amine phosphates. Most preferred types include

synthetic or petroleum calcium sulphonate, synthetic or

petroleum barium sulphonate, alkenyl succenic acid

derivatives and triazole derivatives. Preferred

treatment levels of these additives in the lubrication
25 Dbase fluid are 0.02% to 0.5% by mass.

The lubrication fluid of the present invention
further includes an additive for improving antiwear
properties, high pressure metal contact properties and
friction properties. Preferred additives of this type

30 include, dialkyl dithiophosphates, alkyl and aryl
disulphides and polysulphides, dithiocarbamates, salts
of alkylphosphoric acid, wmolybdenum complex, neutral
phosphate ester (triaryl and trialykl) such as triphenyl
phosphate, or combination of two or more of these



n = an integer greater than one; Plerr] = the density

of base fluid n; X[err] = t he wei ght percent fraction of base 20
fltird n; and Xerr] + Xerr] ... + ... Xerr] = 1. For
exanple, if n=2 and the desired kinematic viscosity of the blend is v,
then a proper selection of vierr] and v[err], with v[err]>v>v[err],
results in a Wwgwmesation fluid 25 of the desired viscosity.PCTUSY6/17025
Preferred  base fluids i ncl ude per fl uoropol yet hers, esters,
synt heti ¢ hydrocarbons and hi ghly refined (highly purified) mneral
hydr ocar bons. Most preferred base flujsls include diesters, polyol 30
esters and pol yal phaol ef ins (PAOs). These base fluids can be

bl ended in a vari eﬁylmﬁvesnbluustu prefebneéd antiwmaef eddédibesniscliudd,ude a

conbi nation of es Mkvl 4 82f01vbd
PCT/ US98/ 17025 L85he Wilaikyl dithiophBsphadd; fio] ybdenum dlsul hﬂ%;%on of

pol yal phaol ef i ns di@pidn@mdngomhospbpsR and Rﬁ"%laltégstar%eb\é@f)cﬁ d at
| east one pol yal ptadpbhkhpl phospiidties A sPrngfermsi etreatmesity dlevedasl egfhi n can

be used in 5 these additives in the lubrication base fluid are 0.1%
to 4% by mass.

A blend of a high VI index diester base oil
and/or a synthetic hydrocarbon with a selection of the
above-additives obtains a hydrodynamic fluid that is

10 ma-kedly more resistant to catalytic degradation than
commercially available ester or synthetic hydrocarbon
blends. Various blends were tested and were found to be
compatible with the head-disc interface. These blends
did not cause any significant increase in the sticking

15 friction between the head and the disc and did not cause
other interference with the head-disc interface. The
blends also proved to be superior to refined paraffinic
petroleum fluids in power consumption and lifetime under
heavy loads and at elevated temperatures.

20 3. Al cation o High a Strength
Viscosity Index Improved Fluids

In another aspect of the present invention,
the lubrication fluid includes a mixture of a base fluid
and high shear-resistant viscosity modifiers ("VI

25 improvers"). VI improvers reduce the temperature
dependence of the viscosity of the base fluid. The
temperature dependence of viscosity is extremely
important, and a high temperature dependence is usually
undesirable to the function of miniature bearings for

3C spindle motors. In order to minimize this effect,
selected commercially available polymers were blended
with a base fluid according to the present invention,
which resulted in a measured improvement in the
temperature-power consumption curves in the spindle



alternative enbodi nents of the present invention if the 5 fluid has the

desired viscosity and satisfies the other desired properties.
These nost preferred base fluids have been found to offer several
advant ages in disc drive applications over conventional
petrol eum bas‘gﬁg 0 __hydrocarbons that are in standard fluid |ubricants.
These base fIurd@%%ve a viscosi ty which is |ess depenBERUS617025
tenperature, a |ower evaporation, a |ower vapor pressure, a |ow
m gration, an inproved oxidation - resistance, a simlar boundary
per for mance whi ch can be 15 enhanced eadlfl-y with additives, a better
conpatibility with other materials in the disc drive and a better

control of all prBBE?Yies T 0" PRI Pur ¥athekreared to chempdsissi on.
These fluids  déeperdente uponi hempeeature. degradati on of the head and disc

[ i de 20 I | LN n h [ drive.
interface and provide I Qngr&é@régg et;‘?’?d%@“b?’eﬁ dgxaé tgaz%bst%at

In a preferred enbodi nent, the base f] uid; . t aln a
preci se absol ute W‘é?;’brs’i"n’y BeYmear °tf’er‘ﬁ1%ﬁ1&“iéabéﬂthaﬁﬁ §la“{‘éﬂ’93vé:9970t o
degr ee250e| s:c aisésani lnadima:;t&s| ngng»?m(u?f-g?bcbsglg] b?g@r,azagﬁegﬁrﬁeu on
range 0 ban d - . _
sur?ace area rati l('ﬁjo(_\// A) of agi.lut Ff gbg‘goﬁim{"m adde b Ra&eti on,
the base fluids aFtitd| 8kt &y SeRFPNLTaALioR,tof hE- 2%t PYbneightof t Mbebase
LI ui dsdto gge st i mélexplar wéﬂg{hctg?@nfﬁéjse&b?w@ﬂ:is b@%gmrhari 51?3 ﬁrbﬁ?‘égﬁgg t he
I sc, due t 040 n e K c.
i s preferably si mﬁ%@‘g’f@%orﬁ?es%ﬁthan lﬁle e(%%t@r i%‘g)t]g%erf 4 BPHNETExi st i ng
chemical' s or 1Pubr 1R&HIE usRBY n 3% R  limitad yequnderolxadmiate,
condi ti ons such asolyisdprenehafiddpolystyrene.

Under conditions encountered in miniature
hydrodynamic bearings according to the present
invention, the shear rate is more than 10° per second.

15 The shear rate is defined as the rate of velocity change
of the bearing working surface with respect to the width
of the gap in the bearing (clearance C shown in Figure
3). The shear conditions between bearing surfaces limit
the life of VI improvers by breaking down the polymers.

20 Because the VI effect depends upon, among other factors,
the length of the polymer chain, the effectiveness of
the VI improver is reduced by shear breakdown.

In a more preferred embodiment of the present
invention, the selected polymer VI improver belongs to

25 a class of polymers that are highly resistant to shear
breakdown, with a tensile strength of the solid polymer
being at least 10,000 PSI and a resistance to thermal
degredation of at least 250 degrees F. The polymer thus
has a shear strength. This class of polymers includes,

30  but is not limited to, soluble forms of such materials
as polyphenylene sulfide, polyetheretherketone, and
polyetherimide.

In a still more preferred embodiment, the
solid polymexr has a tensile strength of at least 14,000
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-12- conditions. These chem cals and |ubricants include gr ease
ang ferroffuirdic seals, for exanple. 2. Blending The
Lubrication Fluid Wth Sel ected Additives 5

| n_anot her aspect of the present invention, the lubrication fluid

i ncl udes a m xoiwmesd? a hi gh viscosity index base fl ui (PGEWSHIWRY of
base fluids) and additives which are selected such that the blend is
effective for resisting catal ytic degradation while 10 being conpatible
wi th the head-disc interface. -17-The viscosity of the

| ubrication fluid in a hydr odynam ¢ bearing drops with an increase in
t enper at ur e. ThHsY amdusesesistaha ta thermal degeedation ik didbn and

the bearing | oad SebVr Omridol bt dle lox %egsangamst hbgknessor I N
di sc drive appllca I“on having m ni a édro nam ¢ q?arlngs | ar ge

vari ations %%Fddl sstPat i orP%}lHaB‘é‘aﬂ"? ngmrEE. cap&&
unaccept abl e. polybenzimidad=zslesi apdi ddlguid \lt#yst:alam:'oavmﬁrr arInmegthod of

20 - expressing the lr\/dr%cq&'etf$ ESHPE&BEHL&E@“S&M Véélfld)fp@iymer Hé§3rd cant,

and is often |nterpreted as enperature % crl1cy of
viscosity. A hi ghé:,en‘ﬁlg.@ogtpfgpgwdgg at least 20, 000 PSI and a res:.stance

to thermal degredation above 700 degrees F. This class
of polymers includes, but is not limited to, buckytubes

and other buckminsterfullerene carbon forms.

10 In a mcst preferred embodiment, the polymer VI
improver has the properties of the previous groups and
is functionalized or chemically modified to provide
anti-oxidant and metal deactivation protection to the
fluid, as discussed above.

15 Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes
may be made in form and detail without departing from
the spirit and scope of the invention.
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for a fluid having a given viscosity indicates that the viscosity of
the fluid varies |ess vmthte e power consunption is a_

critical paraneter for namc bearings in disc drives,
a high VI index is deswabl mm il |ty i ndi ces for

several clasges of fluids are sh bel ow. 30 Fl ui d
Chermi cal O af¥@%716827  Available VI Range Refl ned Par HAN/UR96/17025
90-110 Pet r ol eum Synt heti ¢ Hydrocar bon 120- 170

(Pol yal phol efi n) WO 97/ 16827 _

PCT/ US96/ 17025 -18- -13- Synt hetic Ester
120- 200 (D est er} Synthetic Ester (Polyol) 115-200 .
Per f | uor opol yet he¥HAL 1S CI3JMEDQISg . Ester fluids contain

oxygen as wel |l asi. A disc drive data storage system, comprising:

a housing;

a central axis;

a stationary member which is fixed with
respect to the housing and coaxial with
the central axis;

a stator is fixed with respect to the
housing;

a rotatable member which is rotatable about
the central axis with respect to the
stationary member;

a rotor supported by the rotatable member and
magnetically coupled to the stator;

at least one data storage disc attached to
and coaxial with the rotatable member;

an actuator supporting a head proximate to
the data storage disc for communicating
with the disc; and

a hydro bearing interconnecting the
stationary member and the rotatable
member and having a lubrication f£fluid
comprising a blend of a base fluid
having a viscosity index of at least
110, an anti-oxidant additive, anti-
corrosion additive and an anti-wear
additive, which are effective for
resisting catalytic degradation in the
hydro bearing.

Z. The disc drive data stcrage system of claim i
wherein the anti-oxidant additive has a concentration of
0.25% to 3% by weight in the blend.

3. The disc drive data storage system of élaim 1
oplaced ° \S SHEET HAS BEEN
Thﬁlslliilﬂlilﬁlﬁeflnlilblll ——

LAY



hydrogen and carbon, and sonme ester fluids offer unique advant ages in
disc drive applications over natural and synt hetic hydrocarbon fl uids.
These advantages include 10 a higher viscosity index, a higher
resistance to oxi dation, inproved boundary lubrication properties,

| omer mgration conpared to synth mﬂ Hm]mlﬂml and | ower
evaporati on. wo 9716827 For 3 I |y avai | abrmsstngeser 15
fluids have a high VI index and goot r%sitst &nct to - oxi dation, but have

poor resistance to catalytic - .degradation in netal -to-netal contact.
This limts the -. use of commercially_.ayail able diester fluids in

m ni at ure hydrodynam c¢ bearings where the oil volune is 20 so smal |l that
even a slight bredlemdmthdvaitsielcprebbéoh sadditiviehhBabedrdongeptogeiones.

Commer ci al 'y availabj g4/ %dg gi,p k?}gtwéflit‘ﬁ% lBearl ggp&?a e netal deactivating

additives to last the n addition, nost
commercially 25 4%avail abl 3,' FI‘E&% dziye ‘é%?ﬂ)cﬁft%ﬁaget A¥eten ©hstaiBnbat i bl e
with the head- dilssreimithief anei-wed¥ t &fdit iviee haaXaCiconcent@aPOSHht bHN Of
commerci al ly avai | 0 | ed by the manufacturer.
Use of these fl w%lgﬁlcg:n ot ggau%éé}gctm r?té:rll% giélgéglradatlon of the disc drive
30 perfornmance. 5- The dipp driNei daka GFomagedsystemopcdadmt 1

invention  inciheiedm theeast Dioaidiurgh adbit Deexidasel ddrelad £remCbhas a
dester Tluld of -8 3&%5%9%9&{?% S A0ha?i6R"PAARL ks cnat’ BABLILYCS

whi ch are sel ect r OVi
nltrogen and oxygen.

6. The disc drive data storage system of claim 5
wherein the anti-oxidant additive is selected from the
group consisting of amine and phénol.

7. The disc drive data storage system of claim 5
wherein the anti-oxidant additive consists essentially
of a mixture of amine and phenol.

8. The disc drive data storage system of claim 1
wherein the anti-oxidant additive is selected from the
group consisting of butylated hydroxtolune, alkylated
diphenyl amine and phenyl alpha naphthylamine.

9. The disc drive data storage system of claim 1
wherein the anti-oxidant additive consists essentially
of a mixture of at least two additives selected from the
group consisting of butylated hydroxtolune, alkylated '
diphenyl amine and phenyl alpha naphthylamine.

10. The disc drive data storage system of claim 1
wherein the anti-corrosion additive is selected from the
group consisting of metallic sulfonate, long chain
amines, carboxylic acid derivatives, thiadiazole and
triazole derivatives and amine phosphates.

11. The disc drive data storage system of claim 1¢
wherein the anti-corrosion additive is selected from the
group consisting of synthetic calcium sulphonate,
petroleum calcium sulphonate, synthetic barium

is Sheet Has Been Recilaced THIS SHEET HAS BE™HN

L |
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anti - oxi dati on, anti-corrosi on and met al -

deactivating properties such %hat-TTETTﬂ'_”H_TEdﬁﬁrkedly nor e

resistant to
ester and/ or

with the healy9O 9716

ant i oxi dants incl ude nitrogen and oxygen cont ai ni ng i nhibitors,

an am ne (ar

yl am ne), a phenol or a m xture of both. Mdst 10 pr

catal ytic degr “m - comercially avai l abl e
synt hetic “n whi | e being conpati bl e
1688 -

Ui sc |nterface c Pr ef er r ed PCY{H826/13025

such as
eferred

types of antioxidants include butyl atdd hydroxytoluene (liquid

hi nder ed phenol),
napht hyl am ne

6Pialkglated di_phenyl am ne, al pha

N Sirhi AT th?’Ei‘r““Pmr%chﬁhqfﬁé?& artiksnYdant s.

Preferred treat npatcérikelacid debésat ides tane T riiazble a5r1+atbirvezaat i on base

fluid are 0.25%
and corrosion

.ILQ. 3% by HRSdisc drlve dat:a s?&.e%%é %tewg? cla m 1r

i nhi bitors, or assIlv al

ust

sul fonate, | ong*he¥@kt nthanpnbs- WeaEaP€6¥9+Y% lsaéﬁée°t3d é§vaéﬁeves
t hi adi azol e and gtoap donsdetingtss efiaakgl28it Ribpgiosphatephaineyl and\Vbst

preferred types,
synthetic or

derivatives andsa

succeni ¢ aci'd

r%i?%!?@{ﬁ# essyé}{ci‘ﬁfélﬁron élp%‘ihég' etﬂ}ﬁ%&ééﬁﬁfa‘@e%ho
E8a9bl élkﬁlenhthorég acidpy @Pévbé@num conplex rAmsk

of these additivagutfal ¥hddphakeaksesr.
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13. The disc drive data storage system of claim 1
wherein the anti-wear additive is selected from the
group consisting of triaryl and trialykl phosphate.
14. The disc drive data storage system of claim 1
wherein the anti-wear additive consists of at least two
additives selected from the group coneisting of dialkyl
dithiophosphates, alkyl and aryl disulphides and
pelysulphides, dithiocarbamates, salts of
alkylphosphoric acid, molybdenum complex and neutral
phosphate ester.

15. The disc drive data storage system of claim 1
wherein the anti-wear additive is selected from the
group consisting of zinc dialkyl dithiophosphate,'
molybdenum disulphide, 1liquid amine phosphate and
propylated and butylated triphenyl phosphates.

16. The disc drive data storage system of claim 1
wherein the base fluid is selected from the group
consisting of diesters, polyol esters, polyalphaclefins,
perflucropolyethers and mineral hydrocarbons.

17. The disc drive data storage system of claim 16
wherein the base fluid is selected from the group
consisting of diesters and polycl esters.

18. The disc drive data storage system of claim 1
wherein the base fluid comprises a blend of at least two
base fluids selected from the group consisting of

et Has Been Replaced REPLACED

AW —

nat e,

| evel s



25 base fluid are 0.02%to 0.5% by nass. The | ubrication

fluid of the present invention. —further includes an additive for

| NPT OVIi'ng anti wear - properties, high pressure metal contact properties
and friction properties. Pref er’r"ﬂ,ﬁm thl s type 30

i ncl ude, dial kyl dithiophosphates "mg g' - di sul phi des and
pol ysul phi deswo@rAidappcar bamat es, sal ts ¢ phos phopcT/usesndgzs

nol ybdenum conpl ex, neutr al phosphate ester (triaryl and trialykl)
such as triphenyl phosphat e, or conbination of two or nore of these
WD 97/ 16827 -21- PCT/ US96/ 17025

- 15- additives. Mst pref erred antiwear additives include, zinc

di al kyl dithi ophosgbaseersylpdideiumstiess| phiddeplyalphdokpfiichsamwherghosphat e
and propyl at ed and;QE@VA@éteehuld ik re:@%mxhdmwéaeﬁereﬁe e\tl%o%city

treatnment |evels o hese additives in the |ubrication g fluid are
0. 1% to 4% bylhmss. The disc drive Hﬁéﬁdsfo?raos%syﬁtw ? ocg'f‘(ﬂ éster
base oi l and/ and afeyttidretdomphydingar bon with a sel ecti on of the

above-addi tives obtains a hygr %g)égggbg;f;ﬁgd that is

a head which is supported by the actuator
proximate to the data storage disc for
communicating with the disc, wherein the
head and disc have an interface and the
blend consists of a base fluid. an anti-
oxidant additive, anti-corrosion
additive and an anti-wear additi#e that
are compatible with the interface.

20. The disc drive data storage system of claim 1
wherein the blend is effective for resisting an increase
in sticking friction between the head and the disc
caused by outgassing of the blend from the hydro
bearing. '

21. A hydro bearing disc drive lubrication fluid
for lubricating a hydro bearing in a disc drive, the
fluid comprising:

a base fluid selected from the group
consisting of diesters, polyol esters,
polyalphaolefins, perfluoropolyethers
and mineral hydrocarbons;

an anti-oxidant additive selected from the
group consisting of amine and phenol;

an anti-corrosion additive selected from the
group consisting of metallic sulfonate,
long chain amines, carboxylic acid
derivatives, thiadiazole and triazole
derivatives and amine phosphates; and

an anti-wear additive selected from the group
consisting of dialkyl dithiophosphates,
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10 markedly nore resistant to CaLaL¥LL9~999£Eg§;L32 t han comercially
avai l abl e ester or synthetic hydrocarbon . Various blends were.
tested and were found to be e head-disc interface.
These bl ends did not cause a w(ﬂmﬁ’rease in the sticking 15
friction between the head and the dlsé ahd cause ot her

i nterferenceWRtH68ke head-disc interface. The bl ends PETAISIE18%%d t o
be superior to refined paraffinic petrol eum fluids in power
consunption and lifetinme under heavy | oads and at el evated
tenperatures. 20 3. Appl i cat2dn of High Shear Strength

Vi scosity I ndex |Inproved Fluids I n anot her aspect of_the
present invention, the | ubri¥ati oRPAl ui 8¥hcl udds iPRiddtir e 34 a base
fluid and high shear - r esi PoAWsulpRL@&s | y dieHi bt &riSafdatds ,25salts

i nprovers"). VI inprovers éﬁg“%ﬁﬁghgﬁosbﬁngéatHE?d mogﬁg&gggpce of

the viscosity of the base flui erature’ depehdence
viscosity is extrenmely qﬁmﬁﬁﬁénﬁndaﬂEP%FﬁﬁgﬂPQ§§PﬁéFaFﬁF§rﬂependence
is usually undesirable to the function of mniature bearings for 30
spi ndl e notors. In order to mnimze this effect, sel ect ed
commercially avail abl e pol yners were bl ended wth a base fluid
according to the present invention, which resulted in a neasured

i nprovenent in the t enper at ur e- power consunption curves in the spindle

\
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-16- " not or. Power consunption was observed to be |ess ;
dependent Upon tenper at ur e. In-a preferred enbodi ment of the
pr esent I nvention, given an otherw se suitable base fluid having 5

an i nadequate tenperature-viscosity behavior, a high nol ecul ar wei ght
sol ubl e polyner is added to the base fluid at a concentration of 5-50%

by weight. Ibees2zr Mol ecul ar weight of the polyner is prredrasaviis0, 000-

1, 000, 000 Dalt ons. Preferred polynmer VI inprovers' 10 i nclude, but are

not limted to, .polyacrylate, pol ¥/¥oprene and pol ystyrene.

Under conditions encountered in mniature hydr odynam ¢ beari ngs

according to the present i nvention, the shear rate is nore than

10[ err] per second. 15 The shear rate i's defined as the rate of velocity

change of the bearing working surface with respect to the width

of the gap in the bearing (clearance C shown in Figure 3). The shear

conditions between bearing surfaces limt the life of VI inprovers by

br eaki ng down t he polyners. 20 Because the VI effect depends upon, anong

ot her factors, the length of the polynmer chain, the effectiveness of

the VI inprover is reduced by shear brakdown. In a nore

_ preferred enbodi nent of the present \_ invention, the selected polyner Vi
i mprover belongs to 25 a class of pol rssthat are highly resistant to

shear br eakdown, @E& at Lle h ol i mer

being at | east 10,000 th I edati on of
at | east 250 degrees H r thus i:js
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has a shear strength. This class of polyners includes, 30 but is not

limted to, soluble forms of such materials as pol yphenyl ene sul fide,
polyet her et her ket one, and pol yet heri m de. In a stil
nore preferred enbodi nent, the solid polyner has a tensile strength of
at .l east 14, 000 WO 97/ 16827

PCT/ US96/ 1702%0 97/16827 _ -17- PS| POTAISA6/17025

resi stance to thermal degredation above 500 degrees F. This cl ass of
pol yners includes, but is not limte to, pol yam de-i m de, -

pol yi m de, pol ybenzi m dazole, and liqurd crystal polyner. In yet 5 a
nore preferred enbodi nent, the solid polyner has a tensile strength of
at | east 20,000 PSI and a resistance to thermal degredation above 700
degrees F. This class of polymers includes, but is not limted to,
buckyt ubes and ot her buckmi nsterfullerene carbon forns. 10

In a nost preferred enbodi nent, the polyner VI | nprover has the
properties of the previous groups and S funct’ lized or chemcally
nodi fied to provide anti - oxi dant and $§tal tT¥ation protection to
t he
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fluid, as discussed above. 15 Al 't hough the present invention
has been described with reference to preferred enbodinents

wofkers skilTed tn the art wll recognize that changes may be made in
formand detail w thout departing from ~the spirit and scope of the

I nventi on. 18 CLAIMS: 1. A disc drive data storage system
conpri sing: woomfEsiousi ng; a central axis; a st RGN nber
which is fixed with respect to the housing and coaxial with the
central axis; a stator is fixed mﬁtgvgespect to the housing; a
rotatabl e menber which is rotatable about“the central axis wth
respect to the stationary nenber; a rotor supported by the rotatable
menber and nagnetically coupled to the stator; at | east one
data storage disc attached to and coaxial wth the rotatable
menber ; an actuator supporting a head proximate to the data storage
disc for comunicating with the disc; and a hydro bearing

i nterconnecting the stationary nenber and the rot at abl e menber and
havi ng wor ki ng surfaces separated by
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a~|ubriCéfrﬁglffufdﬂﬁﬁﬁﬁ+€+ng a blend:of at'least one base'fkigg
havi ng a vj ' ' at |east 110, an tA ' e
oo conc AT o5 5o 7 o ve REPHACEMENT S
addi-tive at*accon [ : fromO0. 1% to,4% by wei ght, the
anti-oxidant additive being effective to reduce oxidation of the

| ubri cat FfgMs: fluid and the anti-wear additive being effective to
reduce wear of the working surfaces. 2. The disc drive data storage
systen1o%'claﬁn@isﬁngéVﬁ gREa| §EPFagei AYSFRUr dSBMBK&SLBSEt her conpri ses an
-anti-corrosioa hedsihge effective to reduce metal corrosion, the

ant.i - corrosi on adstixe having a concentration of 0.02%to 0.5% by wei ght
in the blend. ® “3°“THe2#+8¢ drive data storage systemof claim1 wherein
the anti-oxi danstatiienavy menlsst adtieth flisofiked withprespesitstbionghef hausbes,

phenol s, and nixtuaﬁa Egﬁkfﬁi-with the4cengp§%d%§gsdrive data storage
addi

systemof claiml erel n_the _anti - oxl dant Ive'consists essentially of
a mxture of &nSHAFAE afdféxpAendFh respectheodtbe Beuséngata storage

system of cl aanrétabebieNmeBenNhieli §8Ntofdehbi¥cabsutetRet 88nt£QIN AREs

group consisting OLith respect to the stationary member; _

a rotor supported by the rotatable member and magnetically
coupled to the stator;

at least one data storage disc attached to and coaxial with
the rotatable member; '

an actuator supporting a head proximate to the data storage
disc for communicating with the disc; and

a hydro bearing interconnecting the stationary member and the

rotatable member and having working surfaces separated by
a2 lubricating fluid comprising a blend of at least one
base fluid having a viscosity index of at least 110, an
anti-oxidant additive at a concentration from 0.25% to 3%
by weight and an anti-wear additive at a concentration
from 0.1% to 4% by weight, the anti-oxidant additive
being effective to reduce oxidation of the lubricating
fluid and the anti-wear additive being effective to
reduce wear of the working surfaces. '

2. The disc drive data storage system of claim 1 wherein the
lubricating fluid blend further comprises an anti-corrosion
additive effective to reduce metal corrosion, the anti-corrosion

additive having a concentration of 0.02% to 0.5% by weight in the
blend. '

3. The disc drive data storage system of claim 1 wherein the
anti-oxidant additive is selected from the group consisting of
amines, phenols, and mixtures thereof.
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but yl at ed. hy at ed di pthenyl am ne and phenyl al pha

apnt nyt ar n IR TR o e 8o 2 st or age REPEAGEMERT SHEEE n
.the anti-oxidant taddi t®ve® consists-essentially of a mxture of at |east two
additiveg sel e .f g nsi_stin but ¥l at.ed ‘hydr oxt ol une

al kyl at eg' di gﬁ%nﬁlg‘p;&nﬁ% gngg' }C)Sr%é:’flrya%e %f %mnaght i heWhereln The
di sc dri 3Btdapxidantagddiyivecensists maseantdadily ofeal mbxigee iof) anl amdne
bl end fuphhen pRERLLSES an anti-corrosion additive, the anti-corrosion
additive being selected fromthe group consisting of nmetallic sulfonate,

| ong chain am nes, carboxylic acid derivatives, thiadiazole and triazole

derivatises atHeamiize pdwbphadgta stdragBasyhtsem dofvelddima StWhagEi sy them

of clai h ' he icating flui end furiher conprises, an.

anti - co?l?\ %‘E}ﬂgﬁ;‘gg%ﬁi vaed,éit e antt - ggrlreggle?n é“&?ﬁt ﬁ?@ t?éﬁ%? sEPRT %‘a“i*ﬁ’ oftf
the grouputphsredi hydvbxspiuneti elkyleted dippkayit emipet rodepheoglcalpha
sul phonaﬁgphtﬁymg{ﬂghsq barium sul phonat e, petrol eum barium sul phonate,

al kenyl succenic acid derivatives and triazole derivatives. 9. The disc
drive data storage systemof claim1 wherein the anti-wear additive is

sel Fcé eds}i r g_nghée ﬁfs(wm:@ﬁ??i ﬁagag s(tg:r@ﬁlg@ ké’)}'sbtigri hbﬁp@&{iﬁatle?whéﬂﬂfﬁ and

aryl dis i des ;an sul phi des, _dit hi ocar, tes, salts O

21y photpRsr PELaaRl RAR CEYRMAREARTR GESHIF Mot B ProGEhaTe aly Least
two additives selected from the group consisting of butylated
hydroxtolune, alkylated diphenyl amine and phenyl alpha

naphthylamine.

7. The disc drive data storage system of claim 1 wherein the
lubricating £fluid blend further comprises an anti-corrosion
additive, the anti-corrosion additive being selected from the group
consisting of metallic sulfonate, long chain amines, carboxylic

acid derivatives, thiadiazole and triazole derivatives and amine
phosphates.

8. The disc drive data stdrage system of claim 1 wherein the
lubricating fluid blend further comprises an .anti-corrosion
additive, the anti-corrosion additive being selected from the group
consisting of synthetic calcium sulphonate, petroleum calcium

sulphonate, synthetic barium sulphonate, petroleum barium
sulphonate, alkenyl succenic acid . derivatives and triazole
derivatives. |

9. The disc drive data storage system of claim 1 wherein the

anti-wear additive is selected f_rom the group consisting of dialkyl
dithiophosphates, alkyl and aryl disulphides and polysulphides,

di-thiocarbamates, salts of alkylphosphoric acid, molybdenum complex
and neutral phosphate ester.
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10. The disc drive data storage systemof claim1 wherein the anti-wear
ddditive is selected fromthe group consisting of triaryl and trialykl

phosphate. 11. The disc drive data storage systﬁﬁagilclg%ﬁll wherein the

e TSR ot oo, 2 s e HENT, SHEET

and pol ysul phi des” S*dithi'ocarbamates, salts of al kyl phosphoric acid,
nol ybdenum conpl ex and neutral phosphate ester. 12. The disc drive data

t t f claimil wherein t ti- ddit Lyes f
The. ooubcorihe: AFLRLIVR SFER i FESHRRE: SHRheTharh. CLEiYy do ier<th | €A
di sul phi aetitweakdaddi hkve hics sedestadd fppopthea igrbum ¢ anaistdney ofr Fharyl

phosphat 54 Ehefbsendibve data storage systemof claim1l wherein the
base fl ul igréé}¥cte8ﬂ?r%nl he group consi sting of diesters, polyol

11. The disc drive data storage system of claim 1 wherein the
anti-wear additive consists of at least two additives selected from
the group consisting of dialkyl dithiophosphates, alkyl and aryl
disulphides and polysulphides} dithiocarbamates, salts of
alkylphosphoric acid, molybdenum complex and neutral phosphate
ester. -

12. The disc drive data storage system of claim 1 wherein the
anti-wear additive is selected from the group consisting of zinc.
dialkyl dithiophosphate, molybdenum disulphide, Ziquid -amine
phosphate and propylated and butylated triphenyl phosphates.

13. The disc drive data storage system of claim 1 wherein the base
fluid is selected from the group consisting of diesters, polyol
esters, polyalphaolefins, perfluoropolyethers and mineral
hydrocarbons. ' '

14. The disc drive data storage system of claim 13 wherein the
base fluid is selected from the group consisting of diesters and
polyol esters.

15. The disc drive data storage system of claim 1 wherein the at
least one base fluid comprises at least two base fluids selected
from the ,group consisting of diesters, polyol esters and
polyalphaolefins, wherein the at least two base fluids in the blend.
have different viscosities.

16. The disc drive data storage system of claim 1 wherein the
blend is effective for resisting an increase in sticking friction
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&

esters, polyélphaolefins per fl uoropol yet hers and m ner al
ydrocu1uuu> — 1= |ne di sc drive data storage systemof claim13 wherein
‘t'he bas d fromthe group consi g{ ol yol
esters. l!mg @‘ﬂm |ve ‘data st orage systﬁﬁﬁﬁAﬁEﬁﬂmﬁlﬁ Te a
| east o sconprlses at | easkitwo base fluids selected fromthe
group consisting of diesters, polyol esters and pol yal phaol ef ins, wherein
the at least two base fluids in the blend have different viscosities. 16.

The di scbgewénd%weswﬁemte&aofaféé' g&mr 3’] bla%glals«a&ﬂg sof b

effective for resisting, an_increase, in stic g me n
the headl@rFi¢deing sEluddsEronytha: B¥dspnhearifge Iubrlcatlng f1uid from
t he hydro bearing.

17. A disc drive data storage system, comprising:
a housing;
a central axis;
a stationary member whlch is fixed with respect to the housing
and coaxial with the central axis;

o

stator is fixed with respect to the housing;
a rotatable member which is rotatable about the central axis
with respect to the stationary member;
a rotor supported by the rotatable member and magnetically
 coupled to the stator;
at least one data storage disc attached to and _coaxial with
the rotatable member;
an actuator supporting a head proximate to the data storage
disc for communicating with the disc; and
a hydro bearing interconnecting the stationary member
and the rotatable member and having working
surfaces seperated by ‘a . lubricating fluid
comprising a blend of a base fluid having a
viscosity index of at least 110, an anti-oxidant
additive and an anti-wear additive, wherein:
the base fluid is selected from the group consisting
of diesters, polyel esters, polyalphaolefins,
perfluocropolyethers and mineral hydrocarbons;
the anti-oxidant additive is selected from the group
consisting of amines and phenols;
the anti-wear additive is selected from the group
congisting of dialkyl dithiophosphates, alkyl and
aryl disulphides and polysulphides,
dithiocarbamates, salts of alkylphosphoric acid,
molybdenum complex and neutral phosphate esters; and

REPLACEMENT SHEET

i4 APR 1999




17. A disc drive data storage system conprising: a housi ng; a
central axis;  — —a statienary menber which is fixed with respect to the

‘Rousi ng al with the central axi stator is fixed
Wwth res m'tmﬂ“@j! fg, a rotatabl e. rrenb&E['\RLAé MEN n§HEE
about the «centra wWith reg8pect to the stationary ne T
a rotor supported by the r ot at abI e nenber and magnetically

coupled to the stator; at | east one data storage disc attached to and
coaxial with the rotatable er; . at.qr L&Egrtlng a
head proxi mate to i ¥tH-F & adg?‘ggve f)?%?&c%érjm%% g%t I'ng Wi th

t he disc; and aoh;zdab:.bnalafng:heltbasenrfémdﬁgamdmetbsatammnber
and the rotatabl e neghar a0d BAYGHR0 SM¥diie to reducsUhbAgees taReraled
by a | ubri cating conprising a of a base fluid
having a vNeEBingyspEfagest at | east 110, an anti-oxi dant
additive and an anti-wear additive, wherein: the base fluid is

ol yal prdbn erip a5 EriE Seeralh myast ik 1R AT Ao R Bshs:
t he ant iamﬂrﬁmwtcc&dd:sﬂomaﬂslmakrecaedafcmetmarmxp from 0.02% tochss f1n ng
of am neg, are &SRR fﬁrq;'g
t he group laé}g.’ P RAS lubrlcgttlrz]'xg E?ﬁé nﬁie’\lw lﬁgg%r%%is/ﬁ%lfreésﬂ al ky l Y
aryl Riting paetested Zxgm th@lq/%cmpwwé%lstmg of metadildly bkt ?&T?d:tee-s

sal ts ofHKYLRAEPRRANesACIdhrboxylic acid MeybdativespMmuhiadiazoleutard

hosphat & est and
P P 1az§ie derlvatlves and amine phosphates.

19. The disc drive data storage system of claim 17 wherein the
anti-oxidant additive has a concentration of 0.25% to 3% by weight
in the blend.

20. The disc drive data storage system of claim 17 wherein the
anti-wear additive has a concentration of 0.1% to 4% by weight in
the blend.
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22, ¢ - the anti-oxidant additive is effective to reduce o 2521-(

oxi.dation_of the base fluid and the anti-wear addi tive being RimPg <

effective to reduce wear of the wor ki ng surfaces. 18. The di sc“r9.

drive storage systemof claim 17 further conprising an anti-corrosion

additive at a concentration fromO0.02%to 0.5% by weight in t[

fluid bl end, tEgPiE{[i-CO”OSi on additive being selected from§ D}
|

consi sting of nekALli ¢ sul f o qF® oA e IR R PRYEATION boxyl iY
o e BTERNARONAE sy R POEQLed BDER T PATRRE COOPAEYRORTRERT P Ree)
addi t i \dSthiaternatiopah Prsent ({lgsifiction® 0f 0. 25p6 t ¢ (1BYtiryatiowal RyblicatnNumber: b| endVO Y116827

The di slc d6AB:1%0N, HOZK GASHE10Ey K6 m of Atllai m 17 wherein the anti-wea
| shiol#, y""\%"fgrﬁﬁ“u%ﬁ“ ﬁ‘b L e s 1997 @50597
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(S7) Abstract

. Ad}scdrive (10) includes a housing (12), a central axis (80), a stationary member (34) which is fixed with respect to the housing and
coaxial with the central axis, and a rotatable member (36) rotatable about the central axis with respect to the stationary member. A stator
(38) is fixed with vespect to the housing. A rotor (70) is supported by the rotatable member and is magnetically coupled to the stator. At
least one data storage disc (16) is attached to and is coaxial with the rotatable member. A hydro bearing (37) interconnects the stationary
member and the rotatable member and includes a blend of a base fluid (84) having 2 viscosity index of at least (110), an anti-oxidant
additive, an anti-corrosive additive and an anti-wear additive, which are effective for resisting catalytic degradation in the hydro bearing.




