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DI SC DRI VE HYDRO BEARI NG LUBRI CANT W TH ELECTRI CALLY

CONDUCTI VE, NON- METALLI C ADDI Tl VE

BACKGROUND O, Jlj—j};ﬁg ENTION 5 The present invenprishdisddecsS t O
the field of rodynam c bearing spindle notors for disc drive data
st orage devi ces and nore particularly, to a notor havi ng a | ubri cant
with an electrically conductive, non- netallic additive. 10

Disc drive data storage devices, known &s- "W nchester"” type disc
drives, are well-known in the I ndustry. In a Wnchester disc drive,
digital data is RISC HPRIVENEYDRG amamlwmvéem magnet i zabl e

material on the surface WITHtELEQIRICALLW iQ@NBWCTEVE cad operations

are performed through a traniNONeMETAULIC ADBITIVEed in a slider body.
The slider and transducer are sorretl mes collectively referred to as a
head, and typical ly a sBAGKERHEER eSS gerated2i t h each disc
surface. The heads are sthegiressint dovedticwerelistes to the field of

hydrodynamic bearing spindle motors for disc drive data

storage devices and, more particularly, to a motor
having a lubricant with an electrically conductive, non-
metallic additive.
i0 Disc drive data storage devices, known as
"Winchester" type disc drives, are well-known in the
industxy. 1In a Winchester disc drive, digital data is
written to and read from a thin layer of wmagnetizable
material on the surface of rotating discs. Write and
1s 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
20 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
25 surface, which develops a lifting force that causes the
slider to lift and fly several wmicroinches above the
disc surface.
In the current generation of disc drive
products, the most commonly used type of actuator is =z
30 rotary moving coil actuator. The discs themselves are
typically 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 controels both the timing and the power



20 control of electronic circuitry to any one of a plurality

of circular, concentric data tracks on the di sc surface by an actuator
devi ce. Each slider body i ncludes a self-acting air bearing surface. As
t he disc rotates, the disc drags air beneath the air bearln%
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spindle motor speeds to 7200 RPM, 10,000 RPM and above.

5 One of the principal sources of noise in disc

drive data storage devices is the spindle motor. Disc

drive manufacturers have recently begun looking at

replacing conventional ball or roller bearings in

spindle motors with “hydro" bearings, such as

10 hydrodynamic or hydrostatic bearings. A hydro bearing

relies on a f£fluid film which separates the bearing

surfaces and is therefore much guieter and in general

has lower vibrations than conventional ball bearings.

A hydrodynamic bearing is a self-pumping bearing which

15 generates a pressure internally to maintain the fluid

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 slement which

20 occurs entirely within the fluid £ilm such that no
contact between the bearing surfaces occurs.

In a hydro bearing, a lubricating fluid such

as air or liquid, provides a bearing surface between a

stationary member of the housing and a rotating member

25 of the disc hub. In addition to air, typical lubricants

include o©il or ferromagnetic fluids. Hydro bearings

spread the bearing surface over a large surface area in

comparison with a ball bearing assembly which comprises

a series of point interfaces. This is desirable because

30 the increased bearing surface decreases wobble or run-
out between the rotating and fixed members.
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magnetic particles in suspension to provide electrical

conductivity. These fluids usually have very high

15 viscosity and have poor anti-wear performance.
Viscosity and anti-wear performance are
important considerations in miniature hydro bearings for
disc drives. The lubrication properties that must be
controlled and the degree of control that must be
20 obtained are unigue to these bearings. In addition to
viscosity and anti-wear, other important properties
include power dissipation, migration, vapor pressure and
evaporation rate, resistance to oxidation and corrosion,
rheology, boundary properties and system compatibility.
25 Viscosity determines power dissipation and bearing
stiffness, which should be relatively constant over
various operating conditions. Miniature disc drive
applications require small power dissipation and a
limited o0il supply that must be adegquate for a long life
30 without escaping from the bearing. The lubricant should
have low migration so the lubricant does not creep' out
of the bearing and intc the head-disc interface. The
lubricant should have a high resistance to oxidation and
reactivity to provide a long life for the bearing.
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‘a typical hydro bearing lubricant is el ectrically non-conducting.
During operation, el ectrostatic charge may build up on the disc

sur f ace. WRPVI8%t an el ectrical path fromthe disc surfBEFUBW/18¥E 5

di sc drive housing assenbly, the electrostatic charge may di scharge
through the read/wite heads. This can cause | oss of data or damage to
t he heads thensel ves, particul arly _iyn nmagnetoresistive (MR) heads which
are very susceptible to damage by electrostatic discharge. 10

Conducti ve | ubrheabhégy hiay e heedef onamtt fiom prAVEDSw afesponseatd efhwair .ve
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ferrofluids, use nmetalli suspensioh to
provi de el ect r £Bg| other @6ﬁﬂ%%§l%|?§ thQTﬂ&ﬁFf¢IﬁYE;Lﬁﬁ&ﬂlsﬁéﬁnkﬁwery hi gh
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and anti-wgar EﬁﬁLQ£QBﬂ§§n§ngace 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 hydrc bearing properties therefore requires
10 different considerations than for fluids intended as
generxal purpose lubricants.
SUMMARY OF THE INVENTION
The present invention is a disc drive spindle
motor having a hydrodynamic bearing comprising an
15 electrically non-conductive lubricant and an
electrically conductive, non-metallic additive. In one
embodiment, the lubricant includes a mineral based
hydrocarbon, a synthetic hydrocarbon or an ester which
is treated with an organic polymer additive. The
20 additive preferably has a low concentration in the
lubricant, which can be adjusted to provide a desired
conductivity. A low concentration minimizes changes to
the overall viscosity of the lubricant.
BRIEF DESCRIPTION OF THE DRAWINGS
25 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
bearing spindle motor in accordance with the present
30 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.
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motor having a hydro bearing f£fluid comprising a
conventional non-conducting lubricant and an
electrically conductive, non-metallic additive. Figure
1 is a top plan view of a typical disc drive 10 in which
10 the present irvention is useful. Disc drive 10 includes
a housing base 12 and a top covexr 14. The housing base
12 is combined with top cover 14 to form a sealed
environment to protect the internal components from
contamination by elements from outside the sealed
15 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
plurality of individual discs which are mounted for
20 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
25 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
30 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.
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Bearing 37 includes radxal working surfaces

10 44 and 46 and axial working surfaces 48 and S0. 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
fluid 60 is supplied to shaft 34 by a fluid source {(not

15 shown} which is coupled to the interior of shaft 34 in
a known manner.

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

20 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

25 fluid 60 from escaping between counterplate 62 and hub
36. In an alternative embodiment, O-ring 64 is replaced
with a ferrofluid seal in a known manner. The
ferrofluid is held in place between hub 36 and shaft 34
with one or more magnets positioned about hub 36 or

30 shaft 34. _

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
held on disc carrier member 66 by disc clamp 18 (also



Figure 2 is a sectional view of a hydrodynam c bearing spindle notor in
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-5- Figure 4 is atop plan view of a test fixture

whi ch was used to test additives according to the present invention.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBEDI MENTS 5 The present
invention is a disc drive, spindle not or having a_hydro bear.i rég fluid
conprising a  ShotBniREiBIES 17 -noft- BSFRARSR I FASTREL! P chdtattaghed an

el ectrically conduthe veyutewriimmeakki of aga tise whkichuaets as d rscar t op pl an
view of a typi Cﬂard.bﬁfn&iié. \ﬁfbtpo' bQthSPe 65 is formed of a magnetic
material and acts as a back-iron for magnet 70. Rotor
5 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
10 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
15 through a known method such as one or more C-clamps 76
which are secured to the base through bolts 78.
Commutation pulses applied to stator windings
74 generate a rotating magnetic field which communicates
with rotor magnet 70 and causes hub 36 to rotate about
20 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.
In the embodiment shown in Figqure 2, spindle
25 motor 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
diameter surface 82 of laminations 72. In an
30 alternative embodiment, the stator is positioned within
the hub, as oppoéed 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
motor of can have a fixed shaft, as shown in Figure 2 or
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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 axound 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 W1l has a
coil axis 83 which is normal to central axis 80. Radial
working surfaces 44 and 46 of hydrodynamic bearing 37
are formed by the cuter diameter surface of shaft 34 and
the inner diameter surface of central core €5. Radial
working surfaces 44 and 46 are separated by lubrication
fluid 60, which maintains a clearance ¢ during normal

operation.

According to the present invention, hydro

bearing fluid 60 comprises an electrically non-
conductive lubricant and an electrically conductive,

non-metallic, non-magnetic additive which improves
electrical conductivity of the lubricant without
sacrificing desirable lubricating properties such as
viscosity, anti-oxidation, anti-corrosion and anti-wear
performance. Preferred base lubricants include a
~ mineral based hydrocarbon, a synthetic hydrocarbon, an
ester or a combination of base lubricants. Mineral

based hydrocarbons are preferably highly refined (highly

purified}.
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- 6- Figure 2 is a sectional view of a hydrodynam c

bearing spindle notor 32 in accordance with the present i nventi on.

Spi ndl e not OkyPdyigeel udes a stationary menber 34, a hub pénRvehsdesSt at or
38. In the enbodi nent 5 shown in Figure 2, the stationary nenber 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 t hrough a

hydr odynam ¢ bearing 37 for rotation abodf shaft 34. Bearing 37

i ncl udes radi al morking . 4 d urfaces
48 and 50. Shaft mc%gg ‘%‘?%Aia% &% °3§L‘ggﬁ%%&ﬁs«f supply
| ubricating flufdacko %d aasﬁ@amqns:@ilﬂm avahbalﬂcﬁe fsqfiurion of ofg t he

wor ki ng sur f acequ@ftdiiei 2eear pBBymetiy | GatinBemide e]‘sltlélxd 68 iitppR ied to

shaft 34 by a fibgi}gmgﬁurccgll()rllggei]igenghogwg \Myh%eég c(g 9{1& 32“?}' nterior

of shaft 34 in urt her
i ncl udes a Bhrud¥omatigang @dinbaphs chvdengrromns - axF'hP W‘Rﬁ‘-’r?g: fnd aces 48
and 50 of hy]:iiplﬁkytrhamtwdieﬁfambgﬁ?haﬁecaumbevo% atendehthearisn?Gs agai nst

wor ki ng. sur f acec 48.L0.pr oY g} dla AR | Lidents 57 chd® Qusaduam c
bearing and to pos I on
solution. One example of such a commercially available

solution is Tolad 511 from Petrolite Corporation, U.S.A.
10 hnother example of a suitable commercially available
organic polymer includes a solution of a solvent
{tolune, isopropyl alcohol, and other aromatic solvents
C9-C16}, dodecyl, benzene and sulfonic acid. Other
commercially -available solutions can alsc be used.
15 Since the additives are non-metallic and non-magnetic,
the additives do not adversely effect wear and viscosity
performance. Other non-metallic additive solutions can
also be used.
The concentration of the additive in the
20 lubricant can be varied to achieve a desired
conductivity. However, the concentration is preferably
kept low such that the overall viscosity of the
lubricant is not changed. 1In a preferred embodiment,
the concentration of the additive is 100-5000 ppm in the
25 lubricant, and the treated lubricant has a resistance of
less than 50 MR. For example, 1000 ppm {i.e. 0.1%) of
an organic polymer in a mineral based hydrocarbon has
been found to give suitable performance. This is a much
lower concentration than a typical ferrcfluid lubricant
30 in which the ferromagnetic particles have a
concentration in the lubricant of up to 4%.
EXAMPILES
Figure 3 is a top plan view of a test fixture
which was used to test a lubricant according to the
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Plates 110 and 112 are circular discs having a
Plates
110 and 112 are spaced apart by a plastic shim 114

diameter of one inch and a fine surface finish.

having a diameter of 1/4 inch. Electrical terminals 116
and 118 are electrically coupled to plates 110 and 112,
respectively. Recessed area 106 has a depth which is
sufficient to submerge plates 110 and 112 when the
recessed area is filled with the lubricant under test.

First, an untreated mineral based hydrocarbon
lubricant {Sample 1 in Table 1} was introduced between
the plates and the resistance and dissipation were
measured through electrical terminals 116 and 118.
Dissipation is a ratio of a real impedance over ‘an
imaginary impedance. Dissipation is a term used to
It is the rate at
which the charge across the plates of the capacitor
bleeds Since the

untreated lubricant in the rest fixture is essentially

measure the '"gquality* of a capacitor.
through the dielectric medium.
non-conducting, the test fixture acts like a parallel
plate capacitor. A capacitor has infinite resistance
and infinitesimal dissipation. The measured resistance

and dissipation are shown in the top row of Table 1:

30

TABLE 1
fW
Concentration |} Dissipation | Resistance
{ppm) {Ratio) (M)
Sample 1 0.0002 beyond
(Untreated range
hydro-
carbon)
Sample 2 1000 0.1868 5.92
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74 are secwred to an i nngext, sodiubipener °fsubﬁ§ée fipsidsof anfg Pt i ons  72.

In ~an 30 al tneeagme ea@eew?aan}; hecé:t:&i@:rwes Pagd it aned w.»éfun
t he hub, as oppose belogw th

(é g he g SCf{’b a }H radi al
posi ti on whi chPFEPBFERANTG ITEFRINCE kf?f"ewee Rub exter na to he hub.
In addition, tlsemppendl,ea minexsflobagkdchndnagarkem jase shfid ¥a&S shown in
Figure 2 or blended with an additive comprising a commercially

10 available sclution of a polymeric amincamide ester, a
nitrilo polymer, chlorobenzene and ethylene dichloride
in aromatic and aliphatic hydrocarbons. The additive
had a concentration of 1000 ppm in the fluid. Again,
the resulting resistance and dissipation were measured.

15 When the lubricant was treated with the additive, the
lubricant conducted a charge. As shown in Table 1, the
dissipation increased and the resistance decreased.
Sample 2 had a viscosity of 15 centistokes (cst) at zero
degrees Celsius and a specific gravity of 0.88 at 16

20 degrees Celsius. Thus, the additive increased the
conductivity of the 1lubricant while maintaining a
desirable viscosity.

In Samples 3 and 4, an ester base fluid was
treated with the additive that was used in Sample 2, at

25 two different concentrations. These samples were also
found to be successful. The lubricant had a relatively
high dissipation and a relatively low resistance at both
concentrations.

Finally, in Sample 5, an ester based base

30 fluid was blended with a commercially available additive
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-8- a rotating shaft. 1In a rotating shaft spindle notor, the
bearing is | ocated between the rotating shaft aﬂdfan c out er sta’ltzlonary3
sl'eeve which_js coaxial with the rotating shaft I gure
is a di agranﬁ%‘??ﬂ ctional view of hydr odynamni ¢ spi ndl QCTfB‘S?fﬂs-’&Q t aken
along line 3-3 of Figure 2, with portions renoved for clarity. Stator
38 i ncludes | am nations 72 and stator w ndings 74, which are
coaxial with rotor nmagnet 70 and centralixore 65. 10 Stator w ndings 74

i ncl ude phase wi ndings W, Vi, U1, W2, V2 and U2 which are wound around
teeth in | afPRRX 1 Hing anonh@ephhb:e: vnqvld»mgs iare tolured saflvewitl.s

whi ch have a cothe ahfot hat ﬂe'al%rtaabft Qhéngdaﬂﬂ%éefﬁélude %h%gl axi s

80. For exanple hase n coi | S nor mal
to central axi sc'é% =2 \% B vdhe " a‘%ﬁuner 1S°pr0m!i a?lcohol and

other aromatlc solvents C9-C16), dodecyl, benzene and

5 sulfonic acid. In this case, the dissipation factor was
higher and the resistance was much less. Therefore, a
very low concentration of about 100 ppm (0.01%)} would
alsc have conductivity in the fluid. Sample 5 had a
viscosity of 10 centistokes (cst) at zero degrees

0 Celsius and a specific gravity of 0.91 at 16 degrees
Celsius.

The hydro bearing lubricant of the present
invention therefore provides an electrically conductive
path for discharging electrostatic charge from the disc

15 surface while providing greatly improved wear
performance over conductive 1lubricants that include
metallic or magnetic additives.

In alternative embodiments, the lubricant can
include numerous other blends or additives for improving

20 performance factors such as oxidation, corrosion, wear
and viscosity.

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

25 may be made in form and detail without departing from
the spirit and scope of the invention. The specific
lubricants and additives provided herein are examples
only. Other base lubricants and non-metallic or non-
magnetic conductivity enhancing additives can also be

30 used in accordance with the present invention.



wor ki ng surfaces 44 and 46 of hydrodynam c beari
"outer dianeter surface of shaft 34 and

central core 65. Radial wor Ki
| ubri cati onwifyrnséui d 60, whi ch @ﬂlﬂ mﬁ
oper ati on. Accor di esen

bearing fluid 60 conprises an electrically non-

and an electrically conductive, 25 non-pnetallic,

“the I”

ng 37 are formed by the

nner di aneter surface of

nd 46 are separated by
rance c dpetrospensieenl
I nvention, hydro
conductive | ubricant
non- magneti ¢ additive

whi ch inproves el ectrical conducf}%1ty of the lubricant w thout

sacrificing de&hiéb#§ éﬁK¥Méﬁﬂis”9 properties suc
anti-oxidation anti-wear

h as Vi scosity,
per f or mance. Preferred

base |ubricants |ncIudéd1§03@rlﬁ$ﬁ%ﬁélSB@?%&’H?H*G%hrﬁ%ﬁ?r%§§W$thet|c

hydr ocar bon,

based hydrocarbons are prq&g&%ahyaglghly refined (highly

WD 97/ 18562

an est£rmausiagGonbi nati on of base |ubricants.
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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
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 an electrically
non-conductive lubricant and an
electrically conductive, non-metallic
additive.

2. The disc drive data storage system of claim 1
wherein the electrically non-conductive lubricant
comprises a mineral based hydrocarbon.

3. The disc drive data storage system of claim 1
wherein the electrically non-conductive lubricant
comprises a synthetic hydrocarbon.

4. The disc drive data storage system of claim 1
wherein the electrically non-conductive lubricant
comprises an ester.

M ner al

purified).
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-9- Preferred additives include organic polyners, such
-as a comercially available solution of a = quarternized pol ymeric

- am noam de ester, a nitrilo benzene and et hyl ene
dichloride in 5 aromatic and “"Hﬂl"ﬂ“m“m ﬂ’ rbons. The aromatic and
al i phatic hY@8d&ebons have a 40-70% concentration as PIVRI6IBE5 t 0 t he

remai ni ng el enents of the additive solution. One exanple of such a
comercially avail abl e solution is Tolad 511 fromPetrolite
Corporation, U S.A 10 Another exanplLggof a suitable comrercially

avai |l abl e organi ¢ polymer includes a solution of a sol vent

(tolune, i sopsopyl al cotied dmddnlherdaatmsabtagecﬂmﬁ:sof clafi-1C16) ,
dodecyl, benzgpg,anfl SHhLOnkgedthftal1y Minguce iveOMRLALALLY YAl | 3l €
sol utions can a e used. 15 Since 't he altlves are non-netallic and

non- magnetic, @ dltlYﬁel%cftﬂ”c MASTeEdCnot adversely effect wear and viscosity
performance. @t her non-Thed alilsiccdadide tdatss stbusgensystam of claisd be used.
The concent rajhgBeef, tgﬁeadgk&emém,he AhaudeiVe] CaRbn-fidla1 b vari ed

to achieve conduct I Vi % However, e concentration is
preferably  addgBpve| SHPRUIPS RS OFFRRbY RA Y™K scosity of the
lubricant is mot changeThe |disz dréverdach erbrdgaesystem of thaiwancentration

of the addtlyRel8:400£R000:pRALE AN, 2 25condul8er ant oan\qewméeat ed

| ubri cant has I esi st ess . For _exanpl e, 1000
ppm (i.e. O. 1%—"‘56?-1"3 ha%naoFﬁ%ﬁ?‘étﬁﬁﬂ%rml ﬁ HEFE"P“%a%%le}dr ocar bon
has beensbgongpimo gi ve suitable performance. This is a nuch

8. A hydro bearing disc drive lubrication fluid

for lubricating a hydro bearing in a disc drive, the
fluid comprising:
a base fluid which is electrically non-
conductive; and

an electrically conductive, non-metallic
additive.
9. The hydro bearing disc drive lubrication fluid

of claim 8 wherein the base fluid comprises a mineral
based hydrocarbon. '

.10. The hydro bearing disc drive lubrication fluid
of claim B wherein the base fluid comprises a synthetic
hydrocarbon.

i1. The hydro bearing disc drive lubrication £luid
of claim 8 wherein the base fluid comprises an ester.
12. The hydro bearing disc drive lubrication fluid
of claim 8 wherein the electrically conductive, non-
metallic additive is non-magnetic.

13, The hydro bearing disc drive lubrication fluid
of claim 8 wherein the electrically conductive, non-
metallic additive comprises an organic polymer.
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| ower ‘concentration than a typical ferrofluid-tubricant 30 in which
t he ferromagnetic particles ™ have ioncent ration in the

A e oo I 5

whi ch was st a
| ubricant according to the ¢ W 87/18562 ﬂﬁﬁ%g&;?gskg?

PCT/ US96/ 18366 - 10- present invention.
Test f ixture 100 includes an oil bat h 102 having a planar surface 104
and a recessed area 106 with side wad™s 108. Test fixture 100 further

i ncludes a pair.pf spaced.apar tal .plates 110 and 5, 112. Plates 110
and 112 are. o ridi ar di sg‘?eﬁ%{/ﬁi’ﬁb garlgggilgﬁe%%’rveoguBﬁéc?‘ﬁ’c‘?f‘ &g fine
surface finish.oP| glatn 8 whepehmdthe 2ebeetwinaddy apmduchyve, phestic shim

114 . havi ng metth AR a8detivé hdGhcofb&ptFdtGdn L8l fhddlpel Fyig and 118
are electrical Ig Cﬁ?o’{,ﬁ%oto gl ates 110 and 112, 10 respectively. Recessed
area 106 has a dfep i chPFs-

This Sheet Has Been Rde
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sufficient to subnerge plates 110 and 112 when the recessed area i s

filled wth the lubricant under test. First, an untreated

_ mneral based hydrocarbon | ubricant (Sanple 1 in Table 1) was
i ntroduced between 15 the plates and the resistance and dcIaIgeM8366M were
neasur ed t hWOPGM8¥E ectrical terminals 116 and 118. Di ssipation is a
ratio of a real inpedance over an | magi nary i npedance. Dissipation is
atermused to measure the "qualityyg of a capacitor. It is the rate at
20 which the charge across the plates of the capacitor bl eeds through
the dielectric nedium Since the untreated lubricant in the test
fixture is essentially non-conducting, the test fixture acts like a
par al | el pl ate capacitor. A capacitor has infinite resistance 25 and
infinitesimal dissipation. The neasured resistance and di ssi pation
are shown in the top row of Table 1:
TABLE 1 Concentration Dissipation Resistance
(ppm (Rati 0) (Merr]) Sample 1
0. 0002 beyond 30 (Untreatedy range
hydr o- ©carbon) Samphe 2 1000 0. 1868
5.92 \ @©

5 ‘ ©

O

\
O _\Q“’S
. 1) ’}
il o= R
(e e
L Hoer )
8
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--11 - TABLE 1
.Concentration Dissipation Resistance (ppmM

(Ratio) o 943%&{ 1) Sanpl e 3 500 PCONRIGHE366

24.3 e 4 1000 0. 0803 7.5 Sanpl e 5
1000 0. 1480 3.8 5 Next, solutions of base
fluids and non- netallic, electri %,’ﬁ ly conductive additives were
prepared and introduced between plates 112 and 114. In Sample 2, a

m neral based hydrocarbon base fluid was bl ended with an additive
conprising a conmercially 10 available solution of a polyneric am noam de
ester, a nitrilo polymner, chlorobenzene and et hyl ene dichloride in

aromatic and aliphatic hydrocarbons. The additive

N
S 8 N
%\'. ‘@g\& 5/\&
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ey 7 =i S
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had a ctoncentration of 1000 ppmin the fluid. Again, the resulting
resi stance and di ssipation were neasured. 15 Wen the |ubricant was
treated with the additive, the | ubri cant conducted a charge. As shown
in Table 1, tMa9718562di ssipation increased and the resi st anc&ﬂg J‘S@g:sgd.
Sample 2 had a viscosity of 15 centistokes (cst) at zero %r ®

Cel sius and a specific gravity of 0.88 at 16 20 degrees Cel sius. Thus,
the additive increased the conductid/sgty of the lubricant while

mai ntai ni ng a desirabl e viscosity. In Sanples 3 and 4,
an ester base fluid was treated with the additive that was used in
Sanmple 2, at 25 two different concentrations. These sanples were also
found to be successful. The lubricant had a relatively hi gh

di sstpation and a relatively | ow resistance at both concentrations.
Finally, in Sanple 5, an ester based base 30 fluid was blended with a
comercially avail able additive WO 97/ 18562

PCT/ US96/ 18366
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-12- conprising a non-netallic polynmer in a tolune sol vent. The
maj or ingredients of the additive included, anong ot hers, the sol vent
(tol une, isopéﬁggl al cohol, and ot her aromatic sol vents C9-C16),
dodecyl, benz 748%2 5 sulfonic acid. In this case, the dissipation
factor was hi gher and the resi stance was much | ess. Thet B /18366

very | ow concentration of about 100 ppm (0.01% would al so have
conductivity in the fluid. Sanple 5 had aya viscosity of 10 centi stokes
(cst) at zero degrees 10 Celsius and a specific gravity of 0.91 at 16

degr ees Cel si us. The hydro bearing lubricant of the

pr esent i nvention therefore provides an electrically conductive

path for discharging electrostatic charge fromthe disc 15 surface while
provi di ng greatly inproved wear per f or mance over conductive

| ubricants that ihclude metal lic or magnetic additives.

In alternative enbodi nents, the |ubricant can i ncl ude nunerous ot her

bl ends or additives for inproving 20 performance factors such as

oxi dation, corrosion, wear and viscosity. Al t hough the
present invention has been described with reference to preferred
enbodi nent s, workers skilled in the art will recognize that anges 25
may be made in forgand detail without departing from the sp Nt and
scope of the invengon. The specific lubricants and additivegs

provi ded herein are anpl%a only. Ot her base |ubricants aiiz'
non-netal lic or non- o
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nagnetlc conductivity enhancing additives can also be 30 wused in
~accordance with the present invention.” b VYWHAT | S CL@%NED lS: 1.

g NS SN 5 e

fixed with respect to and coaxi al {wstshopple

central axis; a stator which is flxed Wi th respect teGridigy;. .
housi ng; a rotatabl e nenber which is rotatable about the centra
axis with respect to the stationaryyrenber; a rotor supported by
t he rotatable nenber and magnetically coupled to the stator;
at | eastWBAT @gt grL.stMEpgesdi sc attached to and coaxi al Wi th
t he rotatabl e nenbgra.and,, %dro bearing interconnecting the
stationafy menber 1SC azive catanﬁtrﬁ SE ot AT BT e TREMer3aRMd: conpri sing an
electrically condacheusiagbubricant in liquid ' sol ution
form t he elect_rl:gaLLx1 aQggductlve | ubricant conpri sing

an el ectrically non-condutcti ve™
& staticnary member which 1is fixed with

respect to the hcusing and ccaxial with
the central axis;

a stator which is fixed with respect tc the
housing;

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

a rotor supported by the rotatable membex 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 an electrically
non-conductive lubricant and an
electrically conductive, non-metallic
additive in a liguid solution form.

The disc drive data storage system of claim 1

wherein the electrically non-conductive lubricant

comprises a mineral based hydrocarbon.
3.

2.

The disc drive daca storage system of claim 1
wherein the electrically non-conductive lubricant

comprises a synthetic hydrocarbon.

4. The disc drive data storage system of claim 1

wherein the electrically non-conductive 1lubricant
comprises an ester.
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_base fl

Zadditive
wher ei n
m ner al

&

o e Ahoim——— = WSS REA Rl R ff s

uid and ‘an el ect rically conducti ve,

non-netallic

2. (Arended) ‘The” (‘:ﬂ‘sc drive—data storage syst&ﬁpm W%@
S a

the electrically non base fl ul
based hydrocar bon, . muu ﬂ!EI sc drive data storage system
of claim1 wherein the el ectrl*cac tive [

base fluid

conprises a synthetic hydrocarbon. 4. (Anmended) The disc drive dat a
storage systemof claim1l wherein the electrically non-conductive
base fluid. conprises an ester.

5.

-14-
The disc drive data storage systemof claim1 wherein the

electricakly conducth¥eaifenafpldlddee a¥dddaee SN FRgRgkhCy
The disc d of claim™, wherein the electrlcally

i ve.dat a st orage
conduct i vEPSRBATNetd i ceaﬂatﬁﬁ Vg'q‘]c"orrp?q%"e‘éc‘an"%r gaRPB-PEFfmbic 7.
The di sc ddlveidat dsshonagacagsiem of claim 1l wherein the electrically
conductive, non-netghllg;addiLiye has, & QLM AN o5 craim

wherein the electrically conductive, non-metallic
additive comprises an organic polymer.

7. The disc drive data stcrage system of claim 1
wherein the electrically conductive, non-metallic
additive has a concencration in the lubricant of 100-
S000 ppm.

8. A hydro bearing disc drive lubrication fluid

for lubricating a hydro bearing in a disc drive, the
fluid comprising:
a base fluid which is electrically non-
conductive; and

an electricélly conductive, non-metallic
additive in s liguid solution fom,

The hydro bearing disc drive lubrication £luid

of claim 8 wherein the base fluid comprises a mineral

based hydrocarben.
10.

9.

The hydro bearing disc drive lubrication fluid

of ¢laim 8 wherein the base fluid comprises a synthetic
hydrocarbon.

11. The hydro bearing disc drive lubrication fluid

of claim 8 wherein the base fluid comprises an ester.
12. The hydro bearing disc drive lubrication fiuid
3f claim 8 wherein the electrically conductive,
metallic additive is non-magnetic.

13. The hydro bearing disc drive lubrication f£luid
of claim 8 wherein the electrically conductive,
metallic additive comprises an organic polymer.

non-

non-

This Sheet Has Been

-14-

13 APR 1998

- T
[mss SHEET HAS BEEN J REPLAGEMENT SHEE

MO e

PRI e



in"the | ubrj f 100-5000 ppm 8. (Twice Amended) A hydr oRFRIACEMENTi SHEET,
drive 1ubri t’mm&m’wm"m”mr ubricating a hydro bearing in a disc drive,
L I'n s *

the fluid c a base fluid which is electrigadysi-y
non- cenducti ve; and ~an electrically conductive, non- rmi:aklcbpql
additive. wher ein thélﬁydro bearing disc drive lubrication
flui %ig & Iy %ﬂl&llgiﬂ'# g_l ution form 9. The hydro bearing disc drive
| ubr i ' aim 8 wherein the base fluid conprises a nneral

based -hyldwica Barendegl) A diFwe dunidreo dedar istpuige sirdtvam) wonmesitsiong £ | ui d
of claim8 whergiyp, q.lgb.ase fluid conprises a synthetic hydrocarbon. 11.
The hydro bearing dfsc dri ve lubrication fluid of claim8 wherein the base
fluid conprises &fndgtady axis; The hydro bearing disc drive

l'ubrication flu ds©ft £ Py SndhiSE S| Pni bR kel Kaeah i 1 OREddv o the
non-netallic additive is, non-nmagnetic. dro bearing disc

drive |ubrication fIRYFHI @ R GIFEY éﬁ%‘fﬂf h@%l%—%’g??%%d #¥Leonducti ve,
non-netal | i c addidtateor opidlsess afiesQan th pedypett 44.the houdbeghydro
conduct ve, - nort rEvE TP adErve WELTh £orEareTaPrbre PR nEABaGeRFFatd. of
100- 5000 ppm 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 wmember
a and the rotatable member and comprising an
electrically  conductive Jubricant e iquid
solution form, the electrically conductive
lubricant comprising an electrically non-conductive

- base fluid and an electrically
conductive, non-metallic additive

2. (Amended) The disc drive data storage system of claim 1
wherein the electrically non-conductive base fluid

comprises a mineral based hydrocarbon.

3. (Amended) The disc drive data storage system of claim 1

wherein the electrically non-conductive base fluid
comprises a synthetic hydrocarbon.
4. {Amended) The disc drive data storage system of claim 1

wherein the electrically non-conductive
comprises an ester.

bage fluid
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- 15- ﬁ‘"\ m““i‘“\ Mli \mg di sc drive | UbrPICl'étJlsgg/ %ﬁ%ﬁgsEMgNT(ﬂMEﬁl

8 mhereln the el riccakl y* conducti ve, non- netallic additive has a
concentration in the base fluid qj 190-5000 ppm

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

electrically conductive, non-metallic additive is non-magnetic.

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

electrically conductive, non-metallic additive comprises an organic
polymer.

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

electrically conductive, non-metallic additive has a concentration
in the lubricant of 100-5000 ppm.
8. (Twice Amended) A hydro bearing disc drive lubrication fluid
for lubricating a hydro bearing in a disc drive, the £fluid
comprising:
a base fluid which is electrically non-conductive; and
an electrically conductive, non-metallic additive,
wherein the hydro bearing disc drive lubrication
' fluid is in a liquid solution form.
9. The hydro bearing disc drive lubrication fluid of claim
8 wherein the base fluid comprises a mineral based hydrocarbon.
10. The hydro bearing disc drive lubrication fluid of claim
8 wherein the base fluid comprises a synthetic hydrocarbon.
11. The hydro bearing disc drive lubrication fluid of claim
8 wherein the base fluid comprises an ester.

12. The hydro bearing disc drive lubrication fluid of claim
8 wherein the electrically conductive, non-metallic additive is
non-magnetic.

13. The hydro bearing disc drive lubrication fluid of claim

8 wherein the electrically conductive, non-metallic additive
comprises an organic polymer.

14. The hydro bearing disc drive lubrication fluid of claim

8 wherein the electrically conductive, non-metallic additive has a
concentration in the base fluid of 100-5000 ppm.
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