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BACKGROUND OF THE INVENTION

The present invention relates to spindle
motors for disc drive data storage devices and, more
particularly, to optimized lubricating fluids for a
hydrodynamic bearing within the spindle motor.

Disc drive data storage devices, known as
"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
is carried in a slider 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
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 1ifting force that causes the
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
typically mounted in a "stack" on the hub structure of
& brushless DC spindle mortor. 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
of the motor. Typical spindle motor speeds have been in



typically a single head is associated wth each disc surface. The
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5 drive manufacturers 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
relies on a fluid film which separates the bearing

10 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
film separation. A hydrostatic bearing requires an

15 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
contact between the bearing surfaces occurs.

20 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
and sheer stress occurs at the interface. In these

25 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.

In hydro bearing applications, entirely

30 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

- important properties are bulk properties. The hydrc
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gener al has | ower vibrations than conventional ball bearings. A

hydrodynam ¢ beaPrAgings £hag| areheinggcoestderpdipgruse in giaerdniss a
pressure internahpyliatiodl ddre tMnfdtird unitd Mﬁﬂcﬁﬁ&@éz}ijz@’l-smaﬁl

hydrostatic bearing reqguires,an 15 .external .pressurized iluid source to
mai ntain the fl uPﬁger &sssélﬁglr‘éf)f‘o?ﬁ‘d a &é’f"&?legem mﬁulpgéy b ?g,e'a"ﬁSt '[tr?e

beari ng sur hdegeate fohydr oldnear lbfe caithout sheapiey efaom idiech
occurs entirgly wehbifg! hecdumereibhily sveinddial 1MBricant§ 0t Ghodiaeen the
beari ng surfaces OCCU{'S"P] 20, w Toi S si tu%t;tgg is.nunl i ke t&/rpi cal
boundary or UBPUEYD Jﬁirb’@iyﬁgﬁ?c Pbri€at? 1appl PRatr oS ARG Ss

rol ler, ball andhy@rdibeptings igsa dheecdrine solid bearing surfaces

are often in contact wthfpe anMMRant properties that must be

controlled and the degree of control that must be

10 obtained are unique 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 corxrrosion, rheology, boundary properties

15 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

20 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 alsc be compatible with

the other materials of the disc drive. For example,

25 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

36 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

composition of the lubricants is often not provided by
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SUMMARY OF THE INVENTION

5 The disc drive data storage system of the
present invention includes a housing, a central axis, a
stationary member which is fixed with respect to the
housing and coaxial with the central axis, and a
rotatable member which is rotatable about the central

10 axis with respect to the stationary member. 2 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
to and is coaxial with the rotatable member. A hydro

15 bearing interconnects the stationary member and the
rotatable member and includes a blend of base fluids
having a viscosity that is within a selected range of a
desired wviscosity such that the blend of base fluids
provides the hydro bearing with a desired power

20 dissipation and stiffness. The blend of base fluids
includes a first base fluid having a first viscosity
that is greater than the desired viscosity and a second
base fluid having a second viscosity that is less than
the desired viscosity.

25 In a preferred embodiment, the desired
viscosity is a precise viscosity between 4-10 centipoise
(cP) at 70 degrees Celsius. The base fluids are blended
to achieve an overall viscosity that is within 10
percent, and most preferably 2-5 percent, of the desired

30 viscosity. In addition, the blend of base fluids has a
viscosity index of at least 110 and an evaporation range
of less than 1.0 x 10! mg/day-mm®, based on a volume to
surface area (V/A) ratio of about 1.9-2.0 mm.
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in mniature hydro bearings in a disc drive. The

| vbricant properties that nust be controll ed and the degree of control
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it's tenperature dependence, mgration, vapor pressure and evaporation
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for 30 appropriate.hydro bearin roperties therefore requires
di fferent consi dé’P&#gRga?ﬁ%l’f I"ui ds i ntended as
10 The preferred base fluids have been found to

offer several advantages over ordinary petroleum-based
hydrocarbons that are standard fluid lubricants, such as
an improved viscosity-temperature relationship, lower
evaporation and vapor pressure, low migration, improved
15 oxidation resistance, similar boundary performance which
is easily enhanced with additives, better compatibility
with other materials in the disc drive and a better
control of all properties due to a known chemical pure
composition.
20 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a top plan view of a disc drive
data storage device, in accordance with the present
invention.
Figure 2 is a sectional view of a hydrodynamic
25 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
Figure 2, with portions removed for clarity.
1L.ED DE IPTION OF THE PREFERRED EMBODI S
30 The present invention is a disc drive gdata
storage device having a hydrodynamic or hydrostatic
bearing spindle motor with a lubricating fluid
composition which is optimized for the unique
requirements of a disc drive. Figure 1 is a top plan



general purpose lubricants. Another disadvantage of comercially

avail able lubricants is that the exact conposition of the |ubricants—
is often not provided by WO 97/ 16828

PCT/ US96/ 17131 -4- t he manuf act urer
and may in or nore additives that are inco ' ith the
sensitive g‘%ﬁ?’z e%hﬁ of the disc drive. npé'}'{’@sﬁg\gMRY OF
THE I NVENTION 5 The disc drive data storage system of the
present invention includes a housing, a central axis, a stationary
mermber which is fixed with respect to thé- housi ng and coaxial wth the

central axis, and a ot at abl e. nenber | ch.is rotatable about the
central 10 axiglﬁrtﬁfrgséggfcgg 5h%°2$%&¥%ﬁ%1y*?mﬁﬁkﬁ§ éb%t%ﬁ%ﬁeq%
fixed with respéovenbiemelshapsifng. APist oirive d@pporiedes a housing
base 12 and a top cover 14. The housing base 12 is
combined with top cover 14 to form a sealed environment
5 to protect the internal components from contamination by
elements from outside the sealed environment.
Disc drive 10 further includes a disc pack
16 which is mounted for rotation on a spindle motor (not
shown} by a disc clamp 18. Disc pack 16 includes a

10 plurality of individual discs which are mounted for
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

15 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

20 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.

25 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

3o which is fixed and attached to base 12 through a nut 490
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



by.the rotatable nenber and is nmagnetically coupled to the stator. At
| east one -dat a- st or age di SC—s—attaehed——to—and—+s—coaxi-al—w-th t he

rotatabl e menber. A hydro 15 bearing interconnects the stationary nenber

and the rotatabl e menber and includes a bl end of base fluids

having a viscosity that is wthin a selected range of a desired
viscosity suW”f’ﬂg‘Fst he bl end of base fluids provi des FCRASPEATIY
bearing with a desired power 20 dissipation and stiffness. The bl end of
base fl uids includes a first base fluid having a first viscosity

that is greater than the desired viscosity?-and a second base fluid
having a second viscosity that is |less than the desired viscosity. 25

In a preferred3enbehiudss fluide Porssi ret 56 apdsddsiwhich supplaci se
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i ndex of at leasishbif) awHidh £YRUALHOR! BRP8interidd okeshakhafy L X
10[ err] ng/ day- mj ru’h gggggron a volunme to surface area (V/A) ratio
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of about
Spindle motor 32 further includes a thrust

bearing 45 which forms the axial working surfaces 48 and
50 of hydrodynamic bearing 37. A counterplate 62 bears

10 against working surface 48 to provide axial stability
for the hydrodynamic bearing and to position hub 36
within spindle motor 32. An O-ring 64 is provided
between counterplate 62 and hub 36 to seal the
hydrodynamic bearing. The seal prevents hydrodynamic

15 fluid 60 from escaping between counterplate 62 and hub
36.

Hub 36 includes a central core 65 and a disc
carrier member 66 which supports disc pack 16 (shown in
Figure 1) for rotation about shaft 34. Disc pack 16 is

20 held on disc carrier member 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
for spindle motor 32. Core 65 is formed of a magnetic
material and acts as a back-iron for magnet 70. Rotor

25 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
70 is magnetized to form one or more magnetic poles.

Stator 38 is attached to base 12 and includes

30 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
allow rotor magnet 70 and hub 36 to rotate about a
central axis 80. Stator 38 is attached to base 12
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- 5= Preferred base fluids I ncl ude I
per fl uoropol yethers, esters, synthetic hydrocarbons and hi ghly refined
mi neral hydrocarbons. Most preferred base fluids include diesters,

pol yol est qfPoragghs S Pol yal phaol efins. These base fl ui dscadehfsM xed in
a vari ety of conbinations, such as a conbination of esters only,

a conbi nati on of pol yal phaolefins only or a conbi nati on of at | east
one ester and at | east one pol yal phaol efin only. 10 The
preferred base fluids have been found to®" of fer several advantages over

di I '
o ey Do o RS g, BASHRSRANS ik Stoxpiencacte i

| ubricants, such ¢ roved Vi s er ationshi p,
| oner evaptirith Araf@SrEps: tpreRe frase t&RPHeBr 8P}, 78 nproved 15
oxi dation resistance, si ommathoionaulsesr AppIbed eoMtatior windishig@asi |y

enhanced wi th agliddntese el rAIRAN I Vield wibEhNe i Rler 1al S in
the disc drive and a better control of arT properties due to a known
chemical puPe With ¥pRR¥sMmagsgat 70 and causes hub 36 to rotate about )

central axis 80 on bearing 37. The commutation pulses

are timed, polarization-selected DC current pulses which

are directed to sequentially selected stator windings to

drive the rotor magnet and control its speed.

10 In the embodirnent shown in Figure 2, spindle
motoxr 32 is a "below-hub" type motor in which stator 38
has an axial position that is below hub 36. Stator 38
also has a radial position that is external to hub 36,
such that stator windings 74 are secured to an inner

15 diameter surface 82 of laminations 72. In an
alternative embodiment, the stator is positioned within
the hub, as opposed to below the hub. The stator can
have a radial position which is either internal to the
hub or external to the hub. In addition, the spindle

20 motoxr of can have a fixed shaft, as shown in Figure 2 or
a rotating shaft. 1In a rotating shaft spindle motor,
the bearing is located between the rotating shaft and an
outer stationary sleeve which is coaxial with the
rotating shaft.

25 Figure 3 is a diagrammatic sectional view of
hydrodynamic spindle motor 32 taken along line 3-3 of
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.

30 Stator windings 74 include phase windings W1, Vi, U1,
W2, V2 and U2 which are wound around teeth in
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 Wl has a
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The present invention is a disc drive data

195 %! aR
working surfaces 44 and 46 of hydrPE@Yha89E/B§dBing 37

are formed by the ocuter diameter surface of shaft 34 and
the inner diameter surface of central core 65. Radial
working surfaces 44 and 46 are separated by a
lubrication fluid 84, which maintains a clearance c¢
during normal operation.

1. Optimization Of Lubricant Viscosity

In accordance with one aspect of the present
invention, the lubrication fluid includes a blend of
base fluids which are selected to optimizes power
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
(K} are proportional fluid wviscosity according to the
relations,
o« Bp0?Re

c
B0 R
PE)

P

Ko

where g, is the absolute viscosity of the blend of
fluids, w is the rotational velocity of the hub, ¢ is
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
hydrodynamic bearings, power and load capacity are
critical. Therefore it is desirable to specify an exact
viscosity at any particular temperature for the

YT _ ~ bearing spindle
%géflon mhlcg |s.opt|n1zgﬁkifr t he

fluid. .
requi r% n?§9%f43;lwgf‘§{f ’us(r:(r'?’\? . EER

DETAI LED DESCRI PTI ON OF THE PREFERRED



- 6- view of a typical disc drive 10 in which the present

iTrvention is useful. Disc drive 10 includes a housing base 12 and—=a—
top cover 14. The housing base 12 is conbined with top cover 14 to
forma sealed environment 5 to protect the internal conponents from

cont am nat i el ements fromoutside the seal ed enyl h
D sc drivehﬁ%9$@ﬂﬁ?her I ncl udes a di sc pack 16 which ﬁgﬁﬁgﬁﬁﬁﬁb for
rotation on a spindle notor (not shown) by a disc clanmp 18. Disc pack

16 includes a 10 plurality of individuq% di scs which are nmounted for
co-rotation about a central axis. Each disc surface has an associ at ed
head 20 which i ksc _dry . ' LN ith the
di sc surface. | %u?ﬁé@%ﬁ%ﬁ%?égié, aq‘ghgg\%ﬁ%ﬁlfifgu‘?géigé)%gég%ga“%é-‘wsupported
by flexures 22 t8e ShascARGrEETUctFenchtthifc FRANELe MOFPhoURRTIRF Hidds 24 of
En actuat or bodyuBficdites anfdlaicty dlable Wighrerbitfary visdodity _tlype
nown as a rota I NG.GO ct uat , oi | notor
(VN . “Shown gersraRY; "EHEOLb ARG (B3g o L EUREAMIRAREL, o
body 26 wit® 20inciudegia Rirnd fadaseo fapdde. awptlhoraghdpasasEiud dosi ti on
heads 20 over and¢shges spisldy aHendlcalgcanpositdde hat ha diffeddntWi : e a
ventjan is al so

Useftl i diso HPOREIHAYI nh Bale; R ate PSRRI E SRS TS [ near
actuators. 25 obtain an owErgddevistesityathiandls prefievdbly Iwiditddynani c
bearing spi ndl e159t Oand2mbBt 2peef Py Withil 2 HESHE the desired
10 viscosity. The base fluids are blended according to the
following relation,

Baypr, = VIXP1X Ry * VoXP XA e o o ¥ eV XP XYy
where,
Hs = the absolute viscosity of the blend of
15 base fluids at temperature T.;
T, = the temperature at which the viscosity
ie desired;
Va = the kinematic viscosity of base fluid n;
n = an integer greater than one;
20 Pn = the density of base fluid n;
Xn = the weight percent fraction of base
fluid n; and
Xi + Xz «o- * oo Xq = 1.

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

of the desired viscosity.
Preferred base fluids include
perfluoropolyethers, esters, synthetic hydrocarbons and
30 highly refined (highly purified) mineral hydrocarbons.
Most preferred base fluids include diesters, polyol-
esters and polyalphaolefins (PAO’s). These base fluids



I nventi on. Spindl e notor 32 includes a stationary menber 34, a hub
36—and a stator 38. In the enbodiment——— _shown in Figure 2 the
stationary nmenber is a shaft 30 which is fixed and attached to base 12

t hrough a nut 40 and a washer 42. Hub 36 is interconnected with shaft
34 t hrough a hxdrodynanic bearing 37 for rotation about shaft 34.
Bearing 37 i WOI%HA€R8 adi al wor ki ng surfaces 44 and 46 PSRESA6H7AN
wor ki ng surfaces 48 and 50. Shaft WO 97/ 16828

PCT/ US96/ 17131 -7- 34 includes fluid
ports 54, 56 and 58 which supply | ubteating fluid 60 and assist in
circulating the fluid, al ong the working surfaces of the bearing.

Lubri cati ng §3ni fecptandedppit e t ¥2XHAFY F pyoBPINARRi®nsour Bet (not

preferred blends include a combination of esters only,
a combination of polyalphaolefins only and a combination
of at least one ester and at least one polyalphaolefin
5 only. A single ester or polyalphaolephin can be used in
alternative embodiments of the present invention if the
fluid has the desired viscosity and satisfies the other
desired properties.
These most preferred base fluids have been
10 found to offer several advantages in disc drive
applications over conventional petroleum-based
hydrocarbons that are in standard fluid 1lubricants.
These base fluids have a viscosity which is less
dependent on temperature, a lower evaporation, a lower
15 vapor pressure, a low migration, an improved oxidation
resistance, a similar boundary performance which can be
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
20 composition. These  fluids therefore minimize
degradation of the head and disc interface and provide
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
25 4 and 10 centipoise (cP) at 70 degrees Celsius, a
viscosity index of at least 110 and an evaporation range
of less than 1.0 x 107? 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
30 that the contribution of the base fluids to the sticking
friction ("stiction") between the head and the disc, due
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



5 shown) which is coupled to the interior of shaft 34 in a known

nmanner . Spindle notor 32 further includes a thrust —
beari ng 45 which forns the axial working surfaces 48 and 50 of
hydrodynani ¢ bearing 37. A counterplate 62 bears 10 against wor ki ng
surface 48 L@yl de axial stability for the hydrody Asaring and
to position hu w thin spindle notor 32. An Oring I'S provi ded
bet ween counterplate 62 and hub 36 to seal the hydr odynam ¢ beari ng.

The seal prevents hydrodynam c 15 flui d260 from escapi ng between
counterplate 62 and hub 36. T Hub 36 incI udes a central

core 65 and a dj r r A s, 16
(shown in éﬁﬂer eurﬁ&? Jaxﬁ'&ugf %ﬁaéggﬁﬁsﬁﬁﬁﬁ% is 20
hel d on disc caF?P‘é%‘t%‘;‘}ﬂyer B6eBs FhePicprafp arg cant;s s’lfﬂﬁfhlqen Fi gure
1) . A permanent gregsetand fiexrafiadlibd sealst(fdrhexampeé di aneter of hub 36,
whi ch acts as a rotor f o5y 8R0S ; . of a
magnetic g material and ac§§!j_ QT 25

magnet 70 can be forned as a uni V. —an) “rlng can be forned of’
a plurality of |nd|V|duaI’hﬁﬁﬁ@@?rwﬁFEﬁCt “of LPre BpeRerf aRPRIRB peri phery
of hub 36. Rot Otheagnbmcatmﬂofnm&agneuuded a0 rintum@neoﬂrarmn@;mgnetlc

pol es. sc ﬁ!f e§c8b5§ea£‘i dﬁ'e(%zf%%ﬁégdlgcaﬁ'&'sé rk?ldi
st at or Ianlnatlons T2 d’a stator wn ngs 74 are
attached to | anPREt3¢HEIpes whighaye SeleﬁFﬁﬂl?@EP“F?antgﬁé%%ﬁP4e%ﬁ ally
fromrotorioagneffdéive for resisting catalytic degradation while

being compatible with the head-disc interface.

The viscosity of the lubrication fluid in a
hydrodynamic bearing drops with an increase in
temperature. This causes a drop in the power

15 dissipation and the bearing load capacity for a fiuid
having a given thickness. 1In disc drive applications
having miniature hydrodynamic bearings, large variations
in power dissipation and bearing load capacity are
unacceptable.

20 Viscosity index (VI) is an arbitrary method of
expressing the viscosity-temperature sensitivity of a
lubricant, and is often interpreted as the temperature
dependency of the wviscosity. A higher viscosity index
for a fluid having a given viscosity indicates that the

25 vigcosity of the fluid varies less with temperature.
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,

30 below:

Fluid Chemical Class Available VI Range “
i Refined Paraffinic 90-110 “

Petroleum




all ow rotor magnet 70 and hub 36 to rotate about a central axis 80.
Stat or 38-is-attached-to basedpm———0ou——W5-957/16828— - —_

PCT/ US96/ 17131 t hrough a known method such as one or nore C-clanps
76 whi ch are secured to the base through bolts 78.
Cbnnutationégulses applied to stator w ndi ngs 74 generate a raqtating
magnetic fi YIUMP®En comunicates 5 with rotor nagnet 70 BrHU¥HAEZEL hub 36
to rotate about central axis 80 on bearing 37. The comrutati on pul ses
are timed, polarization-selected DC current pul ses which are directed
to sequentially selected stator w ndings t& drive the rotor nmagnet and
control its speeg—10- n—the—ghbodi-ment—shown i n-Fgure, 2,
spi ndl e m)tFrSy&ZhieSia Hpetansdbdh' tygelamtamo i n which stator 3B
has an axi al posftifmiyahpholefid ow hub 3. Stator 38

Synthetic Ester 120-200

(Diester}

5 Synthetic Ester {Polyol} 115-200
Perfluoropolyether 90-320

Ester fluids contain oxygen as well as

hydrogen and carbon, and some ester fluids offer unique
10 advantages in disc drive applications over natural and

synthetic hydrocarbon f£fluids. These advantages include

a higher wviscosity index, a higher resistance to

oxidation, improved boundary lubrication properties,

lower migration compared to synthetic hydrocarbons and
15 lower evaporation.

For example, commercially available diester
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

20 use of commercially available diester fluids in
miniature hydrodynamic bearings where the oil volume is
so small that even a slight break down adversely effects
the bearing properties.

Commercially available fluids do not have

25 adequate metal deactivating additives to last the
lifetime of the bearing. In addition, most commercially
available £luids have components that are not compatible
with the head-disc interface. Often, the exact
composition of commercially available fluids is not

30 controlled by the manufacturer. Use of these fluids can
cause unintended degradation of the disc drive
performance.

The lubrication fluid of the present invention
includes a blend of a high VI index base fluid, such as



al so has a radial position that is external to hub 36, such th
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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
preferred types of antioxidants include butylated
hydroxytoluene (ligquid 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
lubrication base fluid are 0.25% to 3% by mass.

Preferred types of zrust and corrosion
inhibitors, or metal passivators, include metallic
sulfonate, long chain amines, carboxylic acid
derivatives, thiadiazole and triazole derivatives and
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
base 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
include, dialkyl dithiophosphates, alkyl and arvl
disulphides and polysulphides, dithiocarbamates, salts
of alkylphosphoric acid, molybdenum complex, neucral
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-9 — coitlaxds 83-whichts—porpal—-—to—coentralaxs 80 Radial-—

wor ki ng surfaces 44 and 46 of hydrodynam c bearing 37
thre outer dianeter surface of shaft 34 and t he i nner

are formed by
di aneter surface

of central core 65 Radial 5 working surfaces 44 and 46 are
separated bYC9%16828 | prijcation fluid 84, which maintai nSCHUSYEIBInce ¢

during normal operation. 1. Optimzation O Lubricant
Vi scosity In accordance with one aspect of the present 10

i nvention, the lubrication fluid includest?¥ bl end of

base f|UIdS whi ch

(i o bearing | DBoEPREES BRNE (criqryl B0y i i AR 0 Y

design in which PRESPhatey | §ru§&3“bd~§"a[§|18§| & ytyef |°H'|

% ofy Héieraem d

viscosity. additives. Powat @easamaéd CHht(zl?a)ea&”édBQﬁiVé@ BidTddegss
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liquid amine phosphate and propylated and butylated
triphenyl phosphates. Preferred treatment levels of
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 £luid that is
markedly 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
friction between the head and the disc and did not cause
other interference with the head-disc intexrface. The
blends also proved to be superior to refined paraffinic
petroleum fluids in power consumption and lifetime under
heavy loads and at elevated temperatures.

3. jcati High Shear Strength
Viscosit nd Improv Fluj

In another aspect of the present invention,
the lubrication fluid includes a mixture of a base fluid
and high shear-resistant viscosity modifiers ("VI
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
spindle motors. In orxrder to minimize this effect,
selected commercially available polymers were blended
with a base fluid according to the present invention,



[err] 20 where [err] is the absolute viscosity of the blend of

ftuids, [err] is the rotational velocity of the hub, c is the gap or—
cl earance between radi al working surf aces 44 and 46 (or at axi al
wor ki ng surfaces 48 and 50) and R is the characteristic |length of the
radi al and/ | 25 working surfaces. I ' rive
applicatioﬁgbﬁgé?%g m ni ature hydr odynam c bearings,PEgag%éaﬁ | oad
capacity are critical. Therefore it is desirable to specify an exact
viscosity at any particul ar tenperature Egr t he WO 97/ 16828

PCT/ US96/ 17131 _
which resulted in a wmeasured improvement in the
temperature-power consumption curves in the spindle
motor. Power consumption was observed to be less
dependent upon temperature.

5 In a preferred embodiment of the present
invention, given an otherwise suitable base fluid having
an inadegquate temperature-viscosity behavior, a high
molecular weight soluble polymer is added to the base
fluid at a concentration of 5-50% by weight. The

10 molecular weight of the polymer is preferably 10,000-
1,000,000 Daltons. Preferred polymer VI improvers
include, but are not limited to, polyacrylate,
polyisoprene and polystyrene.

Under conditions encountered in miniature

15 hydrodynamic bearings according to the present
invention, the shear rate is more than 10° per second.
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

20 3). The shear conditions between bearing surfaces limit
the life of VI improvers by breaking down the polymers.
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.

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

3c degredation of at ieast 250 degrees F. The polymer thus
has a shear strength. This class of polymers includes,
but is not limited to, soluble forms of such materials
as polyphenylene sulfide, polyetheretherketone, and
polyetherimide.



-10- | ubrication fluid, and the desired viscosity varies with
t he—si ze —and—structure—of—the—sptndte—roto+—Correretal—————-ubri cants are

not available with arbitrary viscosity val ues. The lubrication fluid
of  the present invention 5 includes a blend of bgse flgi ]glfs vvith each base
fluid haw simlar chem cal conposition but a differen

Vi scosity. %ﬁeﬁgg@% fluids are precisely blended to TSP ERIover al |
viscosity which is preferably within 10% and nost preferably within
2-5% of the desired 10 viscosity. The base fluids are bl ended according
to the follow ng relation, -17- [err] wher e,

[err] = t he absol ute vi scositly of the bl end of 15

base fluids at tenperature d] & Atill morg fpreferred emhqiimesgpertdteure at
whi ch the viscosisopid polymer has a tensiliesstieehgell;of at least 14,004 err]

= t he Ki ti L$@0Si ' . . _ n
e ki nemat ip&1via$@0ai k¥ Pl ase dd Ll:'l‘g-:rﬂxalt ﬁg‘gggdat on abgve esoqul did n

' . 20, rr = nsi
pLeger 0Teater Ligelne S LELE) ot pokvatht s s, e s
fluid n; and5 1limited to, polyamide-imide, polyimide,

polybenzimidazole, and liquid crystal polymer. 1In yet
a more preferred embodiment, the solid polymer has a
tensile strength of at least 20,000 PSI and a resistance
to thermal degredation above 700 degrees F. This class

10 of polymers includes, but is not limited to, buckytubes
and other buckminsterfullerene carbon forms.

In a most preferred embodiment, the polymer VI
improver has the properties of the previous groups and
is functionalized or chemically modified to provide

is5 anti-oxidant and metal deactivation protection to the
fluid, as discussed above.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that changes

20 may be made in form and detail without departing from
the spirit and scope of the invention.



Xerr] + Xerr
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Iubrlcatlon fluld s

*

err] = 1. For exanple, if n=2

|c 25 V|sc05|ty of the blend is v,
, and v[err], with v[ierr]>v>v[err],

then a proper—
results in a

Preferred

base f 1 Wel$rnsa28! NCI ud

of the desired vi scosity.

e perfl uoropol yethers, estergera800hns]iC
hydr ocar bons and 30 highly refined (highly purified) m ner #ﬁ
hydr ocar bons. Most preferred base fluids include diesters, polyol-
Thggg base fluids WO

esters and pol yal phaol efi ns (PAO s).
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-11- can wen-Plendegdruppargyari ety of conbinations, but
preferred bl ends 1 nclude | hati gn of esters only, a conbination
9 g&ﬁfigquﬁbg?ﬁﬂ ighprage systém, comprising:

a housing;

of pol yal phaol e¥* i ns on

2.

a central axis;

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

a stator which is fixed with respect to the

housing;

rotatable member which is rotatable about

the central axis with respect to the
stationary member;

rotor supported by the rotatable member and

magnetically coupled to the stator;

at least one data storage disc attached to

a

and coaxial with the rotatable member;
and

hydro bearing interconnecting the
stationary member and the rotatable
member and comprising a blend of base
fluids, wherein the base fluids in the
blend are selected such that one of the
base fluids has a viscosity that is
greater than a degired wviscosity
selected for the disc drive data storage
system, another of the base fluids has a
viscosity that is less than the desired
viscosity and the blend of base fluids
has a viscogity that is within a
selected range of the desired viscosity.

The disc drive data storage system of claim 1

wherein the selected range is effective for providing

the hydro bearing with a desired power consumption and

stiffness.

i
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of . at m m d at |east one polyal phaolefin 5 only. A single
ester -cahf—he—uset—+r———raterrative—enbotirents—of—
t he prel ﬂ WHW t he fluid has the desired viscosity and

satisfies the ot her desired properties. These nost
preferred b\ge fluids have been 10 found to offer several advantages

in disc (1 &'116828 applications over conventi onal Pﬁypﬁfﬂétﬁ‘n based
hydrocarbons that are in standard fluid |ubricants. These base fl uids
have a viscosity which is |ess dependent on tenperature, a |ower

evaporation, a |lower 15 vapor pressure -&%fow migration, an inproved
oxi dati on resi st ance,

bou erformance I ch_can, be
enhanced easily wi'th addi t'm‘%s lse? gEH’%r‘; (ﬁ“r%‘&gm??iﬁxlstem VO\QV\ACEIﬁ”Bt%er
mat eri al s i n the whegeidr the armacasmattef the blend rof bisalflpidmpeisi es due
to a known pure GAM;nah 0 20ercMRAS ikheOBesired i8R sithl Uuids  therefore
mnimze gr adati on ﬁ%fa t‘{1e h(éad adf disc interface an% Eiow de
long life for th&-bearing and H4FE BFL¥e fqA Storage system of plaim eferred
enbbdi nent, the baesefihuittis xiscosity béfntleel bberobtaf nbaserEbuidks absol ut e
viscosity bet Wee'@:fl%im 4 §nﬁeﬂ&-r&e%' RRESGes{ A xﬁﬂsc@gl@!?grees Cel sius, a

viscosity index of at least 110 and an evaporati on range of 'l ess than
1.0 x 10[err] ngPday- i ertpe HESHTbRe L35 §herpge systay pfacdaipeh ratio
(M A) of about 1wheZe@nnuhe viscosity of thd bladdi bf digsd Ifaubdseiflan ds are

sel ected such 30 t St Ratinan; 9f 4 tﬂe#@.& l: ui.d tickin
friction ("sticti onE?aEe J\avgsen trg heggﬁan% the di sceip%l‘éla tchP 4068 °
degrees Celslus

6. The disc drive data storage system of claim 1
wherein the blend of base fluids has a viscosity index
of at least 110.

7. The disc drive data storage system of claim 1
wherein the blend of base fluids has an evaporation
range of less than 1.0 x 10 mg/day-mm?, based on a
volume to surface area {V/A} ratio of about 1.9-2.0 mm.
8. The disc drive data storage system of claim 1
wherein the blend of base fluids comprises base fluids
selected from the group consisting of
perfluoropolyethers, esters, synthetic hydrocarbons and
mineral hydrocarbons.

9. The disc drive data storage system of claim 8
wherein the blend of base fluids comprises base fluids
selected from the group consisting of diesters, polyol
esters and polyalphaolefins.

10. The disc drive data storage system of claim 1
wherein the blend of base fluids comprises a blend of at
least two esters only, which have different kinematic
viscosities.

11. The disc drive data storage system of claim 1
wherein the blend of base fluids comprises a blend of at
least two polyalphaolefins only, which have different
kinematic viscosities.

eet Has Been Reﬁaced THIS SHEET HAS BEEN
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to out ing of the fluid fromthe bearing to the disc, Is preferably
siml ﬁiﬁ “ﬂ u!ﬂ m [wn the contribution of the existing chemcals or—
Iubr| di sc WD 97/ 16828

PCT/ US96/ 17131 -12- drive under

vari ous co such as a hot or humd condi ti ons hem cal s
and Iubricgﬂ?ghﬁﬁélude grease and ferrofluidic sealspcyﬁgﬁéggﬁple

2. Blending The Lubrication Fluid Wth 5 Sel ect ed

Addi tives I n anot her aspect of the present invention,

the lubrication fluid includes a mxturé%f a hi gh vi scosity index

sel ected such (Fat. the blivqire” Y paca, cARMIBELURAL AP,
degr adat i on whiYierein the;ptend, of bage LiMids FABPFHEIRE @ ?éei“ﬁt%fr fice.
least one ester and at least one polyalphaolefin only,
which have different kinematic viscosities.
13. The disc drive data storage system of claim 1
and further comprising:
an actuator; and
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 of fluids is compatible with the
interface.
14. disc drive comprising:
housing;
central axis;

R R

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

a stator which 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;
and

a hydro bearing interconnecting the

stationary member and the rotatable

member and comprising a blend of n base
fluids which has an absolute viscosity

U that is within a selected range of a

i e




The VISCOSIt ubrication fluid in a hydr odynam ¢ beari ng drops
IJ WH“@i | tenperature. This —causes—a—drop—in—the
pomer and the bearing | oad capacity for a fluid havi ng

a. glven thlcknes
hydr odynam c bea

In disc drive applications havi ng m ni ature

rings, large variations I n power dissipation and

bearing | oadv@ayH8/ y are unaccept abl e. 20 PCAAIPEATIYY i ndex
rary met hod of expressing the viscosity-tenperature
| ubricant, and is often interpreted as the tenperature

(VI) is an arbit
sensitivity of a

dependency of the viscosity. A higher vis&€bsity index for a fluid

having a given v
varies less with
par anmet er for

fluids are shown

I scosity indicates that the 25 VISCOSIt¥ of the fluid
Bh

tenperat ure. desipedaViseCHviiet SRS

e AigS ti cal

U index is desi mni atTur_e h?l@rﬁd)énaﬁhérbeﬁlrhngs an th@géﬂ‘lgmte& hi gh
I ndex is desirable. Typical yiscQsity indi f S sses of
- - HaBCPA ohd WlSSLn 0he paceoBiFid) 0

in Table 1, 3 ass

Avai | abl e VI Range blended according to the following

Baquimxd

iy

relation,

B,y = V1XP1 XXy * VoXPaXXps o v F s s SV XP XY

where T 1is temperature, T, 1is the
temperature at which the viscosity is
desired, v, is the kinematic viscosity
of base fluid n, p, is the density of
base fluid n, x, is the weight percent
fraction of base fluid n, x, + X --. +
eee Xp = 1, and v,>v>v,, where v is the
kinematic viscosity of the blend of base
fluids.
15. The disc drive of claim 14 wherein the
selected range is effective for providing the hydro
bearing with a desired power consumption and stiffness.
16. The disc drive of claim 14 wherein the
absolute viscosity u, of the blend of base fluids is
within 10 percent of the desired viscosity.
17. The disc drive of claim 14 wherein the
absolute viscosity p, of the blend of base fluids is
within 2-5 percent of the desired viscosity.
18. The disc drive of claim 14 wherein the
absolute viscosity of the blend of base fluids u; is 4-
10 centipoise {(cP) at 70 degrees Celsius.
1s8. The disc drive of claim 14 wherein the blend
of base fluids has a viscosity index of at least 110.
20. The disc drive of claim 14 wherein the blend
of base fluids has an evaporation range of less than 1.0
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Diester) 5 Synthetic Ester (Polyol)

Ester =+
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Perfluoropolyether 90- 320 Est er

fluids ghfg gxygen as well as hydr ogen and QQﬁgﬁgF
ester flui pfer uni que 10 advantages in disc drive app |ca.f§%€

nat ural and

a higher viscosity index,

sone
over

synt heti ¢ hydrocarbon fluids. These advantages i ncl ude

a higher resisfance to oxi dation, inproved

boundary Iubrlcatlon properties, | ower m gration conpared to synthetic

hydrocarbons angd 1p-3 dgaal - ﬁMap%é’ééd)rbn (2, volume to suf@hcEX arRe,
comercially av?llaple di eSter have a high VI 1 ndex and

resi stance to

oxiiara &F, aBowe h]avge 2pd’of‘““r‘e& stance to catal ytic

degradation in 2ktal -to- Mhealdisondaite Sfhicdalimniié swhéneein the blend
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of base fluids comprises base fluids selected from the
group consisting of perfluoropolyethers, esters,
synthetic hydrocarbons and mineral hydrocarbons.
22. The disc drive of claim 21 wherein the blend
of base fluids comprises base fluids selected from the
group consisting of diesters, polyol esters and
polyalphaolefins.
23. The disc drive of claim 14 wherein the blend
of base fluids comprises a blend of at least two esters
only, which have different kinematic viscosities.
24. The disc drive of claim 14 wherein the blend
of base fluids comprises a blend of at least two
polyalphaoclefins only, which have different kinematic
viscosities.
25. The disc drive of claim 14 wherein the blend
of base fluids comprises a blend of at least one ester
and@ at least one polyalphaclefin only, which have
different kinematic viscosities.
26. A hydro bearing disc drive lubrication fluid
for lubricating a hydro bearing in a disc drive, the
fluid comprising:
a blend of base fluids which has a viscosity
that is within two to five percent of a
desired viscosity for providing the
hydro bearing with a desired power
dissipation and stiffness; and
wherein the blend of base fluids includes a
first base fluid having a first
viscosity that is greater than the
desired viscosity and a second base

good




use avai l able diester fluids in m ni ature
h¥drodyn ‘H aﬂqﬁg@ﬂ i i - . -even—a
sl i ght b Iy effects t he bearing properties.

ConnerC|aIIy avai l abl e fluids do not have 25 adequate netal

deactivatin additives to last the lifetime of th

addi ti on, Y08%¥ercially avai | abl e fluids have coﬁﬁ%ﬁiﬁppﬂ%hat are
not conpati bl e with the head-disc interface. Oten, the exact
conposition of comrercially available fll gs is not 30 controlled by the
manuf acturer. Use of these fluids can cause uni ntended degradation of
the disc drive performancefiyid having a se-gi'ﬁdl U?éb&@ﬂ}prl:}'fajru'l@ of the
present invention |ncludei a bl end % a% % i ndex base fluid, such
as WO 97/ 16828 e85 cfa che BeliTla” "ls°°91tYPCT/ Us96/ 17131
-14-
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a diester fluid or a polyal phaol efin, and a conbi nation of addltlves
which are selected to provi-de—the—foe——ni-th—anti=oxidatiom; .
anti-corrosion and net al - deactivating properties such that the
fluid is markedly 5 nore resi st ant to catal ytic degradati on

t han commer ci al | avai |l abl e ester and/ or synt
hydrocarbonvﬂlﬁwwﬁmmhyle bei ng conpatible with the heaé- qﬁh%ﬁgarnm

i nterface. Preferred types of antioxidants include 10

ni trogen and oxygen containing inhibitdf3, such as an am ne

(arylam ne), a phenol or a m xture of both. Most preferred types of
anti oxi dants include butyl ated hydr oxyt ol uene (liquid hindered
phenol ), al kyl at ed di phenyl am ne, phenyl al pha napht hyl am ne
or 15 conbination of two or nore of these antioxidants. Preferred
treatnment |evels of these additives in the | ubrication base fluid are
0.25%to 3% by nass. Preferred types of rust and
corrosion inhibitors, or netal passivators, include netallic 20

sul fonate, 1ong chain am nes, car boxylic acid derivati ves,

t hi adi azol e and triazol e derivativesgand am ne phosphat es. Most
preferred types include synt hefi ¢ or petrol eum cal ci um sul phonat e,
synt hetic or petroleun1barlun1quLQ9nagh, aIkenyI succenic acid 25
derivatives and tri ' gertvattvrest r eat ment

red N
| evel s of these addi (:k j tff : ﬂ@@ﬁ are 0.02%to

0. 5% by nass.

///,10
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The lubrication fluid of the present invention further includes an
es—high pressure netal contact

addi tive for 1nproving ant wear—St—propert
Preferred additives of this type

pr.operties and friction properties.

i ncl ude, dial kyl dithiophosphates, al kyl and aryl di sul phi des and

pol ysul phi dewo 9wiissdai ocar bamat es, salts of al kyl phosphoric acid,

nmol ybdenum conpl ex, neutr al WO 97/ 16828 PCT/US96/17131

PCT/ US96/ 17131 - 15- phosphat e ester
(triaryl and trialykl) such as triphenyR/3 phosphat e, or conbinati on of

additives. Most preferred antiwear additives

di t hi ophosphat e, nol ybdenum di sul phide, 5
tri phenyl

two or nore of these

I ncl ude, zi nc di al kyl
| i qui d am ne phosphate and propyl ated and butyl at ed
phosphates. Preferred treatnment |evels of
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these additives in the lubrication base fluid are 0.1% to 4% by nass.
A’blend of a high VI index diester base oil 10 and/or a synthetic :
hydrocarbon with a sel ection of the above-additives obtains a
hydrodynami c fluid that is mar kedly nore resistant to catalytic
degradati on than commercially avail able ester or synthetic hydrocarbon
bl ends. VariW@87H8ehds were tested and were found to be 15Pﬂ’9§?ﬁﬂ¥i't3fbl e
with the head-disc interface. These bl ends di d not cause any
significant increase in the sticking friction between the head and the
di sc and did not cause other interterence wth the head-disc

I nterface. The bl ends al so proved to be superior to refined paraffinic
20 petroleumfluids in power consunption and lifetinme under heavy

| oads and at el evated tenperatures. 3. Application of

H gh Shear Strength Vi scosity Index |nproved Fluids

I n anot her aspect of the present invention, 25 the lubrication fluid

i ncludes a m xture of a base fluid and high shear-resistant viscosity
nodi fiers ("V | mprovers"). VI inprovers reduce the tenperature
dependence of the viscosity of the base fluid. The ~ tenperature
dependence of viscosity is extrenely 30 I nportant, and a high tenperature
dependence is usually undesirable to the function of mniature bearings
for spi ndl e notors. In order to mnimze yhis effect, sel ected
commercially avail abl e pol ynmers were bl ended with g.pase fluid
according to the present

SUBSTITUTE SHEET (RULE 26)
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-1 i "; sulted in a neasured inprovenent in the
teﬁﬂ““ﬂﬂ“ﬁ ; Ls nsunption curves in the spindle not or . Power
consunpt 1 on mass observed to be | ess dependent upon tenperature. 5
In a preferred enbodiment of the preggnt I nvention, given an otherw se
sui tabl e base fluid having an inadequate tenperature-viscosity
behawggw 1& ir@hrmep gl ecul ar wei ght sol ubl e polymer is added to the base
flu at a concentration of 5-50% by wei ght. The 10 nol ecul ar wei ght of
the polyrer s pref oy aflak 44900 data sthre QR JaR ! U1 Ui €1 1 ed
pol ymer Vi |npro ers i'nclude, but are not I|n1ted to,

pol yacryl at e, oﬁﬁﬂgﬁ'soprene and pol ystyrene. Under
condi tions encaurderitathl mxiig) at ure

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

a stator which 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 wmember and
magnetically coupled to the stator;
at least one data storage disc attached to and coaxial
with the rotatable member; and
a hydro bearing interconnecting the stationary wmember
and the rotatable member and comprising a blend of
base fluids, wherein
one of the base fluids in
the blend has a wviscosity that is greater than a
viscosity which is selected to optimize
W: ligssipation and stiffness of the hydro
bearing for the disc drive data storage system,
another of the base fluids in the blend has a
viscosity that is less than the - gelected
viscosity and the blend of base fluids has a
viscosity that is within a selected range of the
selected viscosity.

2. ~ The disc drive data storage system of claim 1 wherein
the viscosity of the blend of base~fluids is within 10 percent of
the gelected viscosity.

3. The disc drive data storage system of claim 1
wherein the wviscosity of the blend of base fluids is within 2-5
percent of the selected viscosity.
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A15~“hydrodynam'c beari ngs aecordi ng to the present BEPLMWF\W(%,EEIM

shear n 10[err] per second. The shear rate is defined
as thﬁ!ﬂw ‘E“WHIHH y change of the bearing working surface with
respe of the gap in the bearing (clearance C shown in

Fi gure 20 The shear conditions-b2tween bearing surfaces limt
the life of VI i nprovers by breaking down the pol yners. Because the VI
ef f ec#-depends (p¥ndigsofglvendata fhanrage systahef] ehgin biwherepoltheer

chai nNJH&sﬁftf}ﬁCéfVEHSS%l‘éfnd of EéaseVlfwﬂarSOVfé 48 Bedu1ed bW SheM ity
br eakdqQwn I.n mor.e preferred enbod nent of the present

i nvent¥ ht’ﬁ’e %éloec?teé'{flé’(ﬂﬁﬁ?er(qﬁ) |aerr7cR/é1fegdiﬂeiﬁ1gc.~,e $HUS-  a class of
pol yrrsrs that armeidglskydresesdani ét@oz&@@rsystem yfeakdQwnl whéhebdntignsil e

t t b 0Q, 00 PSI
oot SEIERR  trited 1 G BB SR DA AR o ARt e
pol ym5r t hus Tktmshzscs Hravesdabagitordde ee)dtaesu; odf c&aliwr&mhéneindehae
but léfn%er et %Uﬂég Lﬂrg@aggrgtﬂg r@i—f‘# alF 1es PSR YPhEY! ene

sulf| polyet one, and
10' mg/day-mm?, based on a volume to surface area (v/A) ratio of

about 1.9-2.0 mm.
7. The disc drive data storage system of claim 1 wherein the
blend of base fluids comprises base fluids selected from the group
consisting of perfluoropolyethers, esters, synthetic hydrocarbons
and mineral hydrocarbons.
8. The disc drive data storage system of claim7_ wherein the
blend of base fluids comprises base fluids selected from the group
consisting of diesters, polyol esters and polyalphaolefins.
9. The disc drive data storage system of claim 1 wherein the
blend of base fluids comprises a blend of at least two esters only,
which have different kinematic viscosities.
10. The disc drive data storage system of claim 1 wherein the
blend of base fluids comprises a blend of at least two
polyalphaolefins only, which have different kinematic viscosities.
11. The disc drive data storage system of claim 1 wherein the
blend of base fluids comprises a blend of at least one ester and at
least one polyalphaolefin only, which have different kinematic
viscosities.
12, The disc drive data storage system of claim 1 and further
comprising:
an actuator; and
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 of fluids is compatible with the
interface.
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na still nore preferred enbodi nent, the solid
pol yrer has & ten strength of at |east 14,000 PSI and a resistance
to thermal degredati on above 500 degrees F. This class of polyners
i ncludes, but is not 5 limted -2be, pol yam de-i m de, pol yi m de,
pol ybenzi m dazole, and liquid crystal polyner. In yet a nore preferred
enbodizgent, the sol ia cb‘n&qmbri?ms:canprisingansi |l e strength of at |east

20,000 PSI and a }g&%ﬁg%nce to thermal depredation above 700 degrees
F. This class 10 ! yners includes, but is not linited to, buckytubes
and ot her buckm r%%@?#%ll@ﬁ%ﬁe carbon for ns. In a nost

preferred embodi NgRht i bALrPOYEBEr Vhich ikMHIQERY oia% LAGJUaperd |
the previous groups and is funcfionalized or chemcally nodifie to

provide 15 anti - oxi MRHE LG PRIt GP2HeRt t YHER | BRS pFORBERT of<EBi t he

fluid, as di scwsﬁeﬂaw@v&m%h 1? flxed witW\ f@@p@btth@ @hésﬁﬁﬁsiﬂg‘?nt i on
t r.e er

h b d b
has Do 11 e RO REs e onsle e, (0 PLel SLLE RS TBALS e
form and detail wth@misdsepiahtre\goéa:bnto thet fbasponatyamdmbeope of the

I nventi on. a rotor supported Dby the rotatable wmember and

magnetically coupled to the stator;

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

a hydro bearing interconnecting the stationary member
and the rotatable member and comprising a blend of
n base fluids which has an absolute viscosity g,
that is within a selected range of a

viscosity selected to optimize power disgsipation
and stiffness of the hvydro bearing for the disc

drive, wherein n is an integer greater than one and
wherein the base £luids are blended according to
the following relation,

Bo,eng, = VaXP1XAL * VaXPoXXae o ¥ o o - VpXPpXY,

where T is temperature, T, is the temperature at
which the absolute viscosity is desired, v, is the
kinematic wviscosity of base fluid n, p, is the
density of base fluid n, x, is the weight percent
fraction of base fluid n, ¥, + X2 ... + ... Xu = 1,
and v,>v>v,, where v is the kinematic viscosity of
the blend of base fluids.

14. . The disc drive of claim 13 wherein the absolute
viscosity u, of the blend of base fluids is within 10 percent of
the . " gelected viscosity.
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WHAT IS CLAIMED IS: ~ 1.7 "A disc drive dat a ‘st orage system &ERHGEMEH: SHEET

a housi axi s; a stationary nenber which is fixed
with reHMl“"I"clmHg H!Fl ng and coaxial with the central axis;

a stator*which i® fexed with respect to the housing; a rotatable
menber which is rotatable about the €2htral axis with respect to
the stationary nenber; a rotor énxwted by the rotatable nenber and
magneflbeal | y Thaxﬂmﬁ@ddr@vehen tataim 13 Wh§r¢k§wth©n@hﬁgimte

stor a%é@:‘o?ﬁt? t@CBEdthQ 80dLG08X%I Bl oW thyids is withig ertSag@}J

and beari_ng 1 nterconnecting the stationary nenb
r ot at &% rrenber an&edeetads Vig R+ cant circul ated am)ng

wor ki gg, surf acesHef dibe Aydve HEaldign BN@herein the absolute viscosity
of the blend of base fluids pa'Eé 4-10 centipoise {cP) at 70
degrees Celsius.
17. The disc drive of claim_li wherein the blend of base
fluids has a viscosity index of at least 110.
18. The disc drive of claim 13 wherein the blend of base
fluids has an evaporation range of less than 1.0 x 107° mg/day-mm?,
based on a volume to surface area (V/A) ratio of about 1.9-2.0 mm.
19. The disc drive of claim 13 wherein the blend of base
fluids comprises base fluids selected from the group consisting of
perfluoropolyethers, esters, synthetic hydrocarbons and mineral
hydrocarbons.
20. The disc drive of claim 19 wherein the blend of base
fluids comprises base fluids selected from the group consisting of
diesters, polyol esters and polyalphaolefins.
21. The disc drive of claim 13 wherein the blend of base
fluids comprises a blend of at least two esters only, which have
different kinematic viscosities.
22. The disc drive of claim 13 wherein the blend of base
fluids comprises a blend of at least two polyalphaolefins only,
which have different kinematic viscosities.
23. The disc drive of claim_&; wherein the blend of base
fluids comprises a blend of at least one ester and at least one
polyalphaolefin only, which have different kinematic viscosities.
24. A hydro bearing disc drive lubrication fluid for
lubricating a hydro bearing in a disc drive, the fluid comprising:
a blend of base fluids which has a wviscosity that is
within two to five percent of a desired viscosity
for providing the hydro bearing with a desired
power dissipation and stiffness; and
wherein the blend of base fluids includes a first base

fluid having a first viscosity that is greater than
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| ubri Gant compr si bl end of base fluids, wherei
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sel ect ) s anot her of the base fluids in the blend has a
viscosity that is |less than the sel ected viscosity and the bl end
of base fluids has an absoluwg®. viscosity, which is between 4 and
10 centipoise " at 70[err]C and a viscosity index of at |east 110.
2 The disc drithe ddesisedr agescysitem ahdcl ai r@écg\ggr% e‘%? 18lend

of base fluids has anhgyapgarati ge.of less than 1.0 X
ng/ day-mmi err], based on?ggv?ﬁt ugr%cé%gs%ﬁs&? liilyeat &k A}Sr a8 othambdie

1.9-2.0 nm 3. deshredi vésgpsibydat a storage systemof claiml
wherein the blend of base fluids conprises base fluids selected fromthe
group consisting of perfluoropol yethers, esters, synthetic hydrocarbons
and m neral hydrocarbons. 4. The disc drive data storage system of
clainB wherein the blend of base fluids conprises base fluids selected
fromthe group consisting of diesters, polyol esters and pol yal phaol efi ns.
5. The disc drive data storage systemof claim1 wherein the blend
of base fluids conprises a blend of at |east two esters only, which have
different kinematic viscosities.
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+«19-'6. : The dissc drive data, storage systRﬁp(_

onl yj,
dat a
bl end
have d

' h
bl en mmse fluids conprises a blend of at |east ﬁv%% Wgﬁmg .ng

J' auruﬂerent ki nematic viscosities. isc drive
f claim1l wherein the blend of base fluids conprises a

of at Ieasf ohe ester and at |east one polyal phaol efin only, which

I fferent kinematic viscosities. 8. The disc drive data storage

systemof claim1l and further conprisfh%? an actuator; and

a head
data s

the head aﬁddﬂéécd9§¥8 88chnkeskags syste

S conpatlble wth erface A disc drive
conpri si ng® °u31ﬁ3u5|ng, a central axis; a stationary menber which .
is fixed watbehiespkchxin; the housing and coaxial with the centra
axi s;

rotata

wﬂgfﬂtg:tﬁh ted by the actuator proximte to t he
or age muni cating with the di sc, wherein

o o AL HELS R B 00 EERBETN LR HS LSO % noting

and coaxial with the central axis;

a stator which 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; and )

a hydro bearing interconnecting the stationary member and the
rotatable member and comprising a lubricant circulated
among working surfaces of the hydro bearing, the
lubricant comprising a blend of base fluids, wherein one
of the base fluids in the blend has a viscosity that ig
greater than a selected viscosity, another of the base
fluids in the blend has a viscosity that is less than the
selected viscosity and the blend of base fluids has an
absolute viscosity, which is between 4 and 10 centipoise
at 70°C, and a viscosity index of at least 110.

- -

2. The dlsc drive data storage system.of clalm 1 wherein the
blend of base fluids has an evaporation range of less than 1.0 x
10" mg/day-mm?, based on a volume to surface area (V/A) ratio of
about 1.9-2.0 mm.

3. The disc drive data storage system of claim 1 whexein the
blend of base fluids comprises base fluids selected from the group
consisting of perfluoropolyethers, esters, synthetic hydrocarbons
and mineral hydrocarbons.

4, The disc drive data storage system of claim3 wherein the

blend of base fluids comprises base fluids selected from the group.

consisting of diesters, polyol esters ahd polyalphaoleflns

5. The disc drive data storage system of claim 1 wherein the
blend of base fluids comprises a blend of at least two esters only,
which have different kinematic viscosities.

compridlfigthe blend of fluids
9.



With respect to the stationary nember; a rotor supported ;%

: _ Fhe
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r ot at manber ; s amd a hydro bearing interconnecti Eﬂ@tionary
menber and the rot at abl e nmenber and conprisinJPQ hg%rlcant

circul at ed anong wor ki ng surftgees of the hydro bearing, the

| ubricant conprising a blend of n base fluids which has an absol ute

Vi ZCOSiGF.y [err] _Th\gﬂii@?]gi SrDeé Vredn 4tdihg) system ofC@NLEROL Sehéte Q4L | C
rcat P LRy She BRPINGGS  Conprises pate PLATHs Bfe Brend&hSiceditd ng
to theppdvhdphaglefins oniygl avhboh have different [leindmatic viscosities.
-20- 4 The disc drive data storage system of claim 1 wherein the
blend of base fluids comprises a blend of at least one ester and at
least one polyalphaoclefin only, which have different kinematic
viscosities.
8. The disc drive data storage system of claim 1 and further
comprising:
an actuator; and
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 of fluids is compatible with the
interface.

9. A disc drive comprising:
a housing;

i)

central axis;

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

a stator which 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 wagnetically
coupled to the stator;

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

a hydro bearing interconnecting the stationary member and the

rotatable member and comprising a lubricant circulated

among working surfaces of the hydro bearing, the

lubricant comprising a blend of n base fluids which has

an absolute viscosity g, which is between 4 and 10

centipoise at 70°C, and a viscosity index of at least

110, wherein n is an integer greater than one and wherein

the base fluids are blended according to the following

relation,

Bomy, = VIXPLXA1 ¥ VaXPaXXae o+t oV XP XX,
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rr] is the density of base fluid n, Xerr] is
the wei ght* percent fraction of base fluid n, Xkegr err]
+ ... Xerr] =1, and v[err]>v>v[eryr], where v is the &ékpaw]ematic
viscosity of the blend of base fl urds. 10. The disc drive of

claim9 wherein the blend of base fluids has an evaporation range of |ess

than 1.0 x 10[ emhlera/Tays nﬁér@gﬁéi’atuf@ﬁeﬂ o acNe! ugmpkeasurbace angaH V/ A)
rati o of about sc¢ _drive of cl |m9 V\/nere

+9-2.,0 . , The
Lhe bl end of bad® FARATRNSSAFH TSRt Dasts 1 AP G5 Tel dot &3 FREMSHET
consi sting of pesikdasditopob§ebhses flasderrs, synihetthe I"rglehs)ntayboﬁs Jo::¢:1 2]

m neral hydrocanhgl wherei
bl end of base flﬁ S cor}?'ﬁrll'ssetsh ase Eﬁ%. chrése\éﬁ:ect eaggt?lr omjolﬁhe greguﬂ‘h@
consisting of diredtersXapotyot esteks ankk pYal phatizef Where ¥3.is the The

di sc drive of cldinema® itherieidddilty Rifetteobllease of Ibdsds Manmd ses a bl end
of at least two esters only, which have different kinematic viscosities.

14. The disc drive of claim9 wherein the blend of base fluids
conprises a blend of at |east two pol yal phaol efins only, which have
different kinematic viscosities.

10. The disc drive of claim 9 wherein the blend of base
fluids has an evaporation range of less than 1.0 x 1073 mg/day-mm?,
based on a volume to surface area (V/A) ratioc of about 1.9-2.0 mm.
11. The disc drive of claim 9 wherein the blend of base
fluids comprises base fluids selected from the group consisting of
perfluoropolyethers, esters, synthetic hydrocarbons and mineral
hydrocarbons.

12. The disc drive of claim || wherein the blend of base
fluids comprises base fluids selected from the group consisting of
diesters, polyol esters and polyalphaoclefins.

13. ‘The disc drive of claim I wherein the blend of base
fluids comprises a blend of at least two esters only, whlch have
different kinematic viscosities.

14, The disc drive of claim 9 wheréin the blend of base
fluids comprises a blend of at least two polyalphaoclefins only,
which have different kinematic viscosities.

15. The disc drive of claim 9 wherein the blend of base
fluids comprises a blend of at least one ester and at least one
polyalphaclefin only, which have different kinematic viscosities.

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

a blend of base fluids wherein the blend of base £fluids
includings a first base fluid having a viscosity that is
greater than a selected viscosity and a second base fluid
having a second viscosity that is less than the selected
viscosity, and the blend of base fluids has an absolute
viscosity, which is between 4 and 10 centipoise at 70°C,
and a viscosity index of at least 110.
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only, which have different kinematic viscosities. 16. A hydrobearing disc
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(57) Abstract

A disc drive (10} includes a housing (12), a central axis (80), a stationary member (34) fixed 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
1o the housing. .Aroteg('m)lsmppoxtedbyﬂwmablememberandismagmﬁcallycmpledmﬂwsmm. A data storage disc (16) is
mnched to and is coaxial wiﬂxt!xerotamblemmber. A hydro bearing (37) interconnects the stationary member and the rotatable member
andmclu?esahlendofbase_ﬂmdg(“).Faebaseﬂtﬁdsmsekcbdmhdmomhasavimitymatisgwamrﬂmadesimdviscosity
gdu:s:;v:}mmavmnyﬂmlﬂmmmﬂwdeshedviscosltyandmeblendhasaviscositythatiswiﬁxinaselectedmngeof

ity.




