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A traditional mechanical bearing uses a liquid lubricant in '.
combination with ball bearings to reduce the frictional wear of a
rotating shaft. However, when used in high precision, high RPM
applications, traditional mechanical bearings have several shortcomings.
Ball bearings are not perfectly spherical and the race within wHich they
sit can deform slightly. This can cause random fluctuations in the
crientation and position of the rotating shaft. Furthermore, mechanical
bearings often wear in ways that increase the magnitude of these random
displacements. In addition, wear particles and lubricant can spread from
the mechanical bearing and contaminate the device incorporating the

rotating shaft.

Because of the above'difficulties, a gas bearing is often the
preferred way of supporting a rapidly rotating shaft for some
applications. Gas bearings may use either hydrostatic or hydrodynamic
principles of operation. In a hydrostatic bearing a source of
pressurized gas is supplied between a rbtating shaft and its surrounding
sleeve. The gas acts as a lubricant and allows the shaft to rotate
without coming into contact with the sleeve. In a hydrodynamic bearing,
oblique grooves are cut in a shaft and the rotation of the shaft causes
gas to flow through the grooves. The dynamic pressure created by this
gas flow allows the gas to act as a lubricant. 1In many applications, the
lubricant gas used is simply filtered air. For other applications, noble

gases or nitrogen may be preferred because of their relative inertness.

One field of application of hydrodynamic bearings is in disk
drives, which incorporate rapidly rotating shafts to spin magnetic
recording media below read/write heads. Higher rotation speeds are
desirable since they result in faster access to data. However, rotation
rates above 10,000 ﬁPM are not practical with mechanical bearings. 1In
addition, the random fluctuations of a mechanical bearing reduce the
accuracy with which a read/write head can be positioned with respect to

the rotating disk. This in turn limits the recording densities that can



preferred way of supporting a rapidly rotating shaft far._-seme—applications.
"Gas bearings may use either hydrostatic or hydr thi—mﬁB\fé&“b es of
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incorporate hydrodynamic gas bearings are unable to utilize the )
pressurized gas created by the rotating shaft. If such a device requires
a long-term source of pressurized gas it must incorporate a mechanical
compressor. These compressors are often undesirable since they occupy
space within the device, consume power, and are a source of vibration and

contamination.

Accordingly, the invention provides a hydrodynamic pump comprising:

a first cylinder having a fluid bearing inner surface; - )

a second cylinder positioned coaxially within the first cylinder,
the second cylinder having a fluid bearing inner surface and a fluid
bearing outer surface, the fluid bearing outer surface having means for
generating dynamic pressure;

a shaft positioned coaxially within the second cylinder, the shaft
having a fluid bearing outer surface having means for generating dynamic
pressure;

means for attaching the shaft to the first cylinder;

means for rotating the shaft so as to form a first hydrodynamic
fluid bearing between the first cylinder and the second cylinder and a
second hydrodynamic fluid bearing between the second cylinder and the
shaft; _

a passage in the body of the second cylinder extending from the
fluid bearing outer surface of the second cylinder such that in operation
dynamic pressure in the first hydrodynamic fluid bearing pumps
lubricating fluid from the first hydrodynamic fluid bearing through the
passage.

Such an apparatus allows the fluid pressure created by a
hydrodynamic bearing to be utilized for other purposes by the device
incorporating the bearing. Effectively, a hydrodynamic pump is positioned
coaxially with respect to a hydrodynamic bearing. This configuration

allows an integrated bearing and pump assembly to provide pressurized,
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accuracy with which a read/wite head can be positioned with-respeat to the

‘rotating disk. This in turn limts the recording #Q@SHEESHM&E[N n be
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In many applications. the lubricating fluid will be a gas such as
air, but it is also possible to apply the teachings of the. invention when
the lubricating fluid is a liquid such as oil.

In a preferred embodiment, the second cylinder is attached to a
base and the passage extends from the fluid bearing outer surface of the

second cylinder to the base; an inlet is provided to allow lubricating
fluid into the first hydrodynamic fluid bearing.

Preferably the means for generating dynamic pressure on the outer
surface of the second cylinder and on the outer surface of the shaft each
comprise at least one groove. The shape, size and number of grooves can
be varied according to the nature of the fluid flow required in the

bearings.

A typical application for the hydrodynamic pump would be in a
magnetic disk drive, wherein the first cylinder comprises a spindle hub,
the second cylinder comprises a sleeve, and including a disk drive
housing, a recording disk attached to the spindle hub, and means for
moving a transducer for reading data from or writing data to the
recording disk. Disk drives can utilize the fluid flow that an integrated
pump assembly can provide. Some potential uses for the gas pressure

" include pressurizing hydrostatic bearings in the actuator portion of the
disk drive, creating positively pressurized areas for contamination

control, and providing pressure for operating pneumatic latches,

Such a disk drive drive system has an air bearing spindle wherein a
section of the spindle assembly is designed to act as an air pump. An
additional air bearing is incorporated into the diﬁk drive's spindle
assembly. The additional bearing is optimized for h1gh flow pumplng
appllcatlons rather than the high pressure, zero flow requirements of ‘the
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According to one aspect of the invention there is disclesed—d—pup
‘conprising: a first cylinder having a fluid bearind THiﬁérHEﬁ&er&BtEl\é second
cyl i nder positioned coaxially within the first cylijnder BBRLAGHDached|to a

base, the second cylinder having a fluid bearing inmer—surface and a fluid
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are provided for rotating the shaft so that a first hydrodynamic bearing

is formed between the fluid bearing inner surface of the spindle hub and
the fluid bearing outer surface of the sleeve. Similarly, the rotation
of the shaft causes a second hydrodynamic bearing to form between the
fluid bearing inner surface of the sleeve and the fluid bearing outer
surface of the shaft. This second bearing acts to prevent frictional
wear between the shaft and sleeve. The first bearing is optimized for
high flow pumping applications rather than the high pressure, zero flow
requirements of the second bearing. The dynamic pressure in the first
hydrodynamic bearing acts to pump the lubricating £luid through the
passage in the sleeve to the base. Thus an integrated bearing assembly
is provided that supplies pressurized fluid without the contamination,
vibration and power consumption problems of conventional compressors and

pumps.

Embodiments of the invention will now be described in detail by way
of example, with reference to the following drawings:

FIG. 1 is a schematic diagram of a disk drive system;

FIG. 2 is a cross-sectional view of the disk spindle assembly of
the disk drive system of FIG. 1;

FIG. 3 is an exploded cutaway perspective view of a bidirectional
flow embodiment of the spindle of FIG. 2; and

FIG. 4 is an exploded cutaway perspective view of a unidirectional
flow embodiment of the spindle of FIG. 2.

With reference to FIG. 1, a schematic diagram of a disk drive is
illustrated and is designated by the general reference number 10. System
10 comprises a disk spindle assembly 12 and a head actuator assembly 14.
Spindle assembly 12 and head actuator assembly 14 are located within a

sealed housing 16 to prevent particulate contamination. Spindle assembly
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having a fluid bearing inner surface a fluid bearing outer surface and a
passage providing fluid communication fromthe fluid bearing outer surface
to the base the fluid bearing outer surfage havi ng neans for generating '
dynami c fluid pressure; a shaft connected to the spindle hub and positioned
coaxially within the sleeve, the shaft having a fluid bearing outer surface
havi ng neans 1kotomgetresat ipdgralyhamif cvaghefiid rcesding ediskhd0 mbdpk atermopptest i ng
the shaft so0gs; lsBiddema fsigiabldipariadystasid by lai th-henrelagrbedivesibrt he
[1uld beali ngyianSL 2! Ig%st,%fteé.hgeﬁd;hgma@omupseaﬂg uheohbidis Reqsidag out er

surface of th geve and .a secon odynam c fl ui eari ng between the
fluid bearingethmetorsdP radeh Jrvehan AEwifar A8 IREFF Ui e T o dbeer
surface of tlaesshadt; Askenbéy 32deasi agpluoildty off aftudlee zimafi4, ageghi of which
Er esence Sf qs! Yk EHeliNGh _Eléﬂaﬁe ibfe_t@ea'thdufoijs@gcandqf&fomd ERH T RAYNR/N Lrnf | ;Jihd
earing, dynam c pressure in the firs r am, C ui earing.punps the
| ubri cating PR Frﬁa(}ﬁg‘ﬁf fﬁaedt/‘ﬁlélstgaheé“dls nhj%t' hgnéslp’eeg}\l/er.ea%céger gil%gp*?%tsl?ﬁg%
anot her aspecbotdf thh@actyrtent3td@n34 RBY dhe Lty Epsisebhea It rosibiedinedodi sk
drive conpri ShBGictaatsypi amd ea hub having a fluid bearing inner surface; a
recording disk attached to the spindle hub; neans for noving a transducer

for reading data from or
9 In operation, spindle 22 is rotated by the in-hub motor and motor

30 moves the actuator arms 34 between the disks 20 to the desired track
location. One of the heads 36 then reads or writes data on the desired

track.

FIG 2 is a cross sectional view of spindle assembly 12. A base
member 100 is attached to a stationary cylindrical sleeve 102 by a
plurality of screws 104 or other suitable attachment means such as
adhesive'bonding. Sleeve 102 has an inner surface 106 which is a smooth
air bear;ng surface. The outer surface 108 of sleeve 102 is an air
bearing surface on which a plurality of pressure generating grooves have
been created. The grooves are cut obliquely to the longitudinal axis of

the sleeve and will be discussed further with respect to FIG 3.

A rotatable shaft 110 fits inside sleeve 102. Shaft 110 has an
outer air bearing surface on which a plurality of pressure generating
grooves have been machined. The grooves are cut obliquely to the
longitudinal axis of the shaft and will be discussed further with respect
to FIG 3. There is a gap between sleeve 102 and shaft 110 in which the
primary air bearing is formed. Typically this gap is approximately 4

microns (160 microinches).

A shaft end plug 120 is shaped to fit inside the top portion of
shaft 110 by an interference shrink fit. End plug 120 has a ledge portion
122 for receiving a disk spindle hub 124. Spindle hub 124 is shrink
fitted to end plug 120. Typically the gap between spindle hub 124 and
sleeve 102 is approximately 7.6 microns (300 microinches). In this gap
the pump bearing is formed.

A slot 180 is cut by a lathe or other means around the outer

circumference of sleeve 102. The slot 180 is positioned subéténtially at



witing data to the recording disk; a sleeve position coaxially within the
spindle hub and fixedly attached to a base; the sleeve having a fluid
bearing inner surface a fluid bearing outer surface, and a passage
providing fluid conmuni cation fromthe fbuid bearing outer surface to t he
base, the fluid bearlng outer surface having neans for generating dynamc
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flange 126 of spindle hub 124. <Clamp 140 is attached to shaft end plug
120 by means of a screw 144.

A plurality of gas inlets 146 pass through clamp 140 and hub 124 to
bring the primary bearing and pump bearing in fluid communication with
the gas outside the spindle assembly. Similarly, the gap 148 between
base 100 and hub 124 provides a path for air to enter the pump bearing.

Base 100 has an aperture 160 for receiving a motor mounting post
162. Post 162 is attached to base 100 by a plurality of screws or an
interference shrink fit. A stator winding assembly 170 is attached to
post 162. A plurality of rotor magnets 172 are attached to a cylindrical
magnetic mounting member 174, also known in the art as backing iron;
which in turn is attached to the inside surface of shaft 110.
Alternatively, magnets 172 could be made of a single cylinder of
magnetic material that has been magnetized with a plurality of
alternating magnetic section {poles). The winding assembly 170, rotor
magnets 172 and member 174 comprise an in-hub brushless spindle motor 190
which rotates shaft 110. BAn eight pole, twelve slot delta wound

brushless DC spindle motor may be used in the preferred embodiment.

A thrust bearing to support axial loads is formed in the thrust gap

192. This bearing supports the spindle hub 124 and its attachéd disks
20. The details of the thrust bearing are not essential to an

understanding of the present invention and will not be discussed. A
detailed description of a thrust bearing that could operate in
conjunction with the present invention is disclosed in IBM application
Serjal No. 07/813,311 entitled "Spindle System for a Disk Drive" filed

on December 23, 1991 and hereby incorporated by reference (see Japanese
PUPA 05-225687, published 3 Sept 93).



with.reference to the following drawings: Fig. | is a schematic-di agram of
a disk drive system Fig. 2 is a cross-sectional view of the disk spindle
assenbly of the disk drive systemof Fig. 1; Fig. 3 is an exploded cutaway .
perspective view of a bidirectional flow%nbodi ment of the spindl e of Fig.
2; and Fig. 4 is an exploded cutaway perspective view of a unidirectional

fl ow enbodi ment afn tHeepelereldE efbodingnt , 2bas¥V 1do, rsqfeg&eemcze bkl o, lend®

schematic di algralngoof n]%mgll% dsrcrg‘; 14§ %I lé’lsltxﬁaadteeéjf and ens desi gnat ed hy the

ss e ’
eneral refdrence nu conprj ses a S e §s¥enbly 12
gnd a head a®t SRSy P U PER yl°1’3 1’§6|"HH’I ‘é°"f§§%’é’ﬁb’f%fli?“5ﬁd ﬁ‘@aHS%@fuﬁator
assenbly 14 singld setarddl iilshihelps sedheedtivousi dfstbttions pluevenbpgratidmcul at e

contam nati Gfje spinBAHH BuRSISEMY Ylumindn which more closely matches the thermal
expansion coefficient of the disks 20, which are often fabricated from

aluminum substrates. -

The operation of spindle assembly 12 may now be understood.
Initially shaft 110 is at rest. When motor 190 is energized it causes
shaft 110 and attached hub 124 to rotate. Air is pulled in through
inlets 146 and gap 148 and forms a primary air bearing between the shaft
110 and sleeve 102 and a pump bearing between the sleeve 102 and the hub
124. Air from inlets 146 and gap 148 exits the pump bearing via passage
185.

Figure 3 is an exploded perspective view of the spindle assembly of
FIG. 2 with the thrust bearing assembly and disks removed for clarity.
The hub 124 and attached shaft 110 are displaced from their normal
operating positions so as to‘more clearly show the internal structure.
Shaft 110 of FIG. 3 has an upper groove area 300 having grooves 302 and a
lower groove area 304 having grooves 306. Grooves 302 are designed to
pull gir downward into the primary air bearing gap. Grooves 306 are

designed to pull air upward into the primary. air bearing gap.

The number of grooves, their depth, their angle and other
parameters are all dependent upon the required size and operatlng
characteristics of the resultant air bearing. Examples of operating
characteristics include rotation rate, supported load, and bearing
stiffness. Most operating characteristics are dictated by the
requirements of ‘the device incorporating the bearing. For example, in a
disk drive the rotation rate of the air bearing is dictated by the
required rotation rate of the disks. The hydrodynamic equations and
design trade-offs that determine the groove parameters are well known in
the art and discussed in references such as William A. Gross et al.,
Fluid Film Lubrication, New York, John Wiley and Sons, 1980. The skilled
person will readily appreciate that such parameters can be modified or
adapted according to the task in hand.

Grooves 302 and 306 have depths, groove widths and groove angles

that are determined by the operational requirements of the primary



12 conprises a plurality of magnetic recording disks 20 which are nmounted
.to a spindle 22 Spindle 22 is rotated by an in-hub el ectrical notor which
is not illustrated. Head actuator assenbly 14 conprises a voice coil notor
30 which noves an actuator arm assenbl y832 relative to the disks 20.
Assenbly 32 has a pIuraIity of actuator arns 34, each of which is

p03|t|oned in.a sp s t308l1 SKEhe2PeveESC Be ag bt aber arm 34
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track location. One of the heads 36 then reads or wites data on the

desired track. FIG 2 is a cross sectional view of_ spindle assenbly A°
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Sleeve 102 has an upper groove area 350 having groo;es.352 and a
lower groove area 354 having grooves 356. Grooves 352 are designed to
pull air downward into the pump bearing gap. Grooves 356 are designed to
pull air upward into the pump bearing gap. Grooves 352 and 356
preferably have depths of about 41 microns (1650 microinches). The
groove angle is preferably about 158 degrees. The groaove angle for
grooves 356 is the reverse of that for grooves 352. Grooves 352 and 356
are preferably formed by photolithographic etching processes for
stainless steel. The area not etched between the grooves defines lands.
353 and 357.

The Groove/Groove+Land Ratio of the pump bearing is defined as the
width of a groove divided by the sum of the width of a groove and one of
its adjacent lands. This ratio is often presented as a percentage. The

preferred Groove/Groove+Land Ratio of the pump bearing is approximately
80%.

In operation, shaft 110 and attached hub 124 rotate such that
grooves 352 draw air downward and grooves 356 draw air upward to form the

pump bearing,

Figure 4 depicts an alternative embodiment wherein the grooves 402
on the outer surface of sleeve 102 are all parallel and push the
lubricant gas in one direction. For this reason the embodiment is
referred to as a unidirectional configuration. The embodiment depicted
in FIG 3. is referred to as a bidirectional configuration since it pulls
the lubricant gas in from the top and bottom of the pump bearing. In
the unidirectional embodiment slot 180 has been removed and passage 185
extends the entire length of sleeve 102. In addition, gas inlets 146
have been removed so that the upward air flow generated by the grooves
402 is redirected down passage 185, Table 1 compares the- design

parameters of the unidirectional and bidirectional embodiment.



air bearing surface. The outer surface 108 of sleeve 102 is an air bearing
surface on which a plurality of pressure generating grooves have been

created. The grooves are cut obliquely to the |ongitudinal axis of the
sl eeve and w Il be discussed further with mespect to FIG 3. A rotatable
shaft 110 fits inside sleeve 102. Shaft 110 has an outer air bearing

surface on which a plurality of pressure generating grooves have been
machi ned. The grooves are cut obliquely to the longitudinal axis of the.

shaft and wil |JFBe Orscussed further WMth.t ct 1.0 FIG 3, . IS a gap
bet ween sl eeved T¥Fahd shaft 110 in uhicﬁ”%%g&ﬁf?%%ry airU %§P§%§°#§' 1

formed. Typic | I S appr oxilmat elyy Lorons (160 sy ¢ gspghes) § A
shaft end plua éﬁgpg§ég§§ed to fit ijnside t eg%%p portion oquﬁgff 110 jiby
an interferencegsdy iim)fit. End plugjl20 hasia | edge portion 122 for
receiving a dijgk spindle hub 124. Spijndle hub 124 is shrink fitted to efd
plug 120. Typijcadtarivh@®agadRBBt ween gpi ndl e 1hA® 124 and sl eevi®089?2 i s

approximately [f. 6 m crons (300 mcroilnches). In this gap the gump bear ifng
is forned. Diameter (mm) 42.8 42.8

Radial Clearance 7.6 7.6

(microns) (300 microinches) (300'microinches)

Number of Grooves 20 - 20

Grrove Depth {microns) 42 56
{0.00165 in) (0.0022 in)

Groove/Groove+Land 80 91

Ratio (%)
Croove Angle (degrees) 158 154

Length (mm) 50 50 i

{(Bidirectional: Intake from both ends, pressure tap at centre;

‘Unidirectional: Intake at one end, pressure tap at opposite end)

Many variations on the embodiments described above will be readily
apparent to the skilled person. For example the working medium of the
pump is not limited to a gas. This type of hydrodynamic pump could be
adapted to pump liquids such as oil or water by modifying the bearings as
is known in the art. Also, the embodiments described have shown the pump
bearing as aligned with and the same length as the journal bearing. This
is not an opérational requirement. The pump bearing could be a different
length from the primary bearing and/or displaced axially from the primary
bearing and/or divided into multiple sections if required. Similarly,
although the use of the hydrodynamic pump has been described in the
context of magnetic disk drives, it would occur to one skilled in the art
that the described fluid pump would have advantages in other devices that

incorporate hydrodynamic bearings, such as high precision machine tools.



of sleeve 102. I ¢ POSI ti oned substanti
mi dpoi nt of thd bﬁ“ H llee 102. In fluid co
I s passage 185 eXWends #r
t hrough base 100 to an outlet 187. A plurality of gnhetic recordi ng discs
20 and annul ar spacer nenbers 130 fit gumamsspi ndle hub 124 and rest on
flange 126. The di sks 20 and spacers 130 are arranged in an alternating
manner and conprise disk stack 132. A disk clanp 140 fits over the disk
stack 132 artd sedumrsisodwnapif BYHCESREEMY’ 140 has a flange 142 which
corresponds to fhasiget kFGinfers@izaditevinga 1£181id Gearipg 1indey sunfacached to
shaft end plug 120 y,dRgbdmaef @o3rmenitidded Logxial1gl withiwfthgamrinl ets 146
pass thr OuQQyﬂn%gp, ]Eﬂg sae@QnJ‘HPn%%ér thgving a fluid bearing inner surface and a
fluid bearing outer surface, the fluid bearing outer surface having means
for generating dynamic pressure (356);: r
a shaft (110) positioned coaxially within the second cylinder., the
shaft having a fluid bearing outer surface having means for generating
dynamic pressure (306); ,
means (120, 140) for attaching the shaft to the first cylinder;
means {170, 172, 174) for rotating the shaft so as to form a first
hydrodynamic fluid bearing between the first cylinder and the second
cylinder and a second hydrodynamic fluid bearing between the second
cylinder and the shaft;
a passage (185) in the body of the second cylinder extending from
the fluid bearing outer surface of the second cylinder such that in
operation dynamic pressure in the first hydrodynamic fluid bearing pumps
lubricating fluid from the first hydrodynamic fluid bearing through the
passage.

2. The hydrodynamic pump of claim 1 wherein the passage intersects the
fluid bearing outer surface of the second cylinder at a point

substantially midway along the length of the second cylinder.

3. The hydrodynamic pump of claim 1 or 2 wherein the lubricating fluid
is a gas.
4. The hydrodynamic pump of any preceding claim, wherein the second

cylinder is attached to a base (100) and the passage extends from the
fluid bearing outer surface of the second cylinder to the base.
5. The hydrodynamic pump of any preceding claim, further comprising an

inlet (146) to allow lubricating fluid into the first hydrodynamic fluid
bearing.

6. The hydrodynamic pump of any preceding claim, wherein said means
for generating dynamic pressure on the outer surface of the second

cylinder and on the outer surface of the shaft each comprise at least one
groove.
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bring the primary bearing and punp bearing in fl wj fgi eﬁﬁé gith t he
gas out si de t mHMMﬂl%ﬁmﬁm y Simlarly, the B’ ﬁ%&gﬁé% Base 100
and hub 124 pr air to enter the Basel 100 has
an aperture 160 fdr fecéiving a notor mounting post 162 Post 162 1s
attached to base 100 by a plurality of strews or an interference shrink
fit. A stator winding assenbly 170 is attached to post 162. A plurality of
rotor magnets 172 g’}ﬁ%dﬁi kpofedEdroa atiey |ldrivel iiaeludirg A atyideodyastic pgnpTeMher

174, al so known ..n th SaRRCKINA, WO ks V\h.]eCPnJ R Sheb-Scbl fGhed to
the inside §ﬁ$?r§é’é‘3c§ 3 ah&ﬁ%% 7 1 e%ylsﬂlfz c(:OEJI %Cegegrrade

of a singl eseindladseP. of” nﬁ'benéf“"d é?‘?eél c‘imﬁa%/deﬁas E%evﬁ magnetized with a
plurality of alternating magnetic section (poles). The-w ndi nhg assenbly
170, rotor grgnehsSdstd2reapedimgndiak dride conprdise satisknddinb Houshiy, ess spi ndl e
mot or 190 why En*al Lot Rta a§ha ame’lalQn Aemebgm zpalramgr \A@kagtékﬁéa @s'éh@ wound

brushl ess spl

not or be ﬁlé%r e%)erre di nent
t hrust bear ERYHE @ﬁppﬂ’r‘itm%ﬁ?Fa o) '&%1(}59 t’fad‘F Ty FREAEM f}§'ia JE 3?92 Thi's
beari ng suppoitisgtdetasyy bl seerndin@dighd its attached di sks
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20. .The details of the thrust bearing are not essentirat-—to-an—tnderstandi ng
‘of the present invention and will not be discussed. A Ttié? aHEel HdesEEN i on
of a thrust bearing that could operate in conjunctionf w t REHACEResent
invention is disclosed in IBMapplication Serial No. 077813, 311 entitled
"Spindl'e Systemfor a Disk Drive" filed on Decenber 23, 1991 and hereby

i ncorporated by reference (see Japanese PUPA 05- 225687, published 3 Sept
93). 7 In the preferred enbodi menfYPREFIBMHDBUMES| eeve 102, shaft 110, end
plug 120, clanmp 140, screw 144 are all nmade of hardened stainless steel in
order to provide long |ife and-corrosiongsgacet ance. The use of a- single
mat eri al al so hel ps reduce thermal distortions during operation. The
spindle hub 124 is al um num which nore closely matches the thernal

expansi on coef fi ci aniydobdiniamialpyhes igOforpy eppxaplyofitdnreasastt €ated from

hydrodynamic bearing. The integrated bearing and pump assembly can

=

provide pressurized fluid for various uses within the device o
incorporating the bearing. In the hydrodynamic bearing assembly: a
secondary hydrodynamic bearing is incorporated into the primary beé}ing
assembly. The secondary bearing is optimized for high flow pumping
applications rather than the high pressure, zero flow requirements of the
primary bearing. When the bearing assembly is rotated, fluid flow is
provided. The assembly includes a first cylinder 124, a second cylinder
102 coaxially within the first cylinder, and a shaft 110 coaxially within
the second cylinder. The shaft and first cylinder are attached to rotate
together. Grooves 306, 352 on the outer surface of the shaft and second

cylinder form the primary and seconday bearing respectively.
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al umi,nium substrates. The operation of spindle assenbly 12 may now be
understood. Initially shaft 110 is at rest. When notor 190 is energized
it causes shaft 110 and attached hub 124 to rotate. Air is pulled in
through inlets 146 and gap 148 and forns a primary air bearing between the
shaft 110 and sl eeve 102 and a punp bearing getmeen the sl eeve 102 and the
hub 124. Air frominlets 146 and gap 148 x( s the punp bearing via passage
185. Figure 3 is an explpded perspective view of the spindl e assenbly of
FIG 2 with the thrust b qing assenbly and di sks renoved for claritly. The
hub 124 and attac Yy X1 af & i sPlAcRdA tAmA bei X dorfml of. i ng

positions so as tg fwore clgarly sh the inte structur Shaft 0 of
FIG 3 has an uppegr groovéﬁgPea 30 ving gr§é§é§$302_amﬂg%zlower oove
area 304 having grlopvds 306. G oovef %éz @a‘ ‘i gped to gull air d war d
into the primary at RQearing gap. {G{ f Lt o pull- 3i
upward into the pripany, en3obearingZﬁEﬁZZTEE—nunbml of—grjooves;—th
dept h, their angl g¢and ot her ' -
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paraneters are all dependent upon the required size-and operating
characteristics of the resultant air bearing. Exanples of operating
characteristics include rotation rate, supported |oad, and bearing

- stiffness. Most operating characteristics are dictated by the requirenents
of the device incorporating the bearing. For exanple, in a disk drive the
rotation rate of the air bearing is dictateq Py the required rotation rate
of the disks. The hydrodynam c equations and design trade-offs that
determ ne the groove paraneters are well known in the art and discussed in

references such as WlliamA: Goss et al., Fluid Film Lubrication, New
York, John Wley and Sons, 1980. The skilled person wll readily appreciate
that such parameters can be nodif+€d_or adap according to'the task in
hand. Grooves 302 and 306 hgvéa groove WeR and groove angl es that

are determ ned by the opergz
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8 bearing. The groove angle for grooves 306 is the reverse of that for
grooves 302. Grooves 302 and 306 are preferably fornmed by photolithographic
etching processes for stainless steel. The area not etched between the
grooves defines a plurality of Iands 303 and 307. In operation, shaft 110-
rotates such that disk clanmp 140 in H:% 3 rotates clockw se as viewed from
the top. G ooves 302 draw air, downwar é d grooves 306 draw air upward to
formthe primary air bearing Sl eeve 102 has an upper groove area 350 having
grooves 352 and a | ower groove area 354 having grooves 356. G ooves 352 are.
designed to pull air downward into the punp bearing gap. G ooves 356 are
designed to pull air upward into the punp bearing gap. G ooves 352 and 356
preferably have depths of about i 1650 m croi nches). The groove
angle is preferably about deg e angle for grooves 356 is
the reverse of that for grogyes 3 352 d 356 are preferably
formed by photolithogr i £ etchi pr ai nl ess steel. The area
not etched between thg gr@oves defines

102

N\

.
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353 and 357. The G oove/ G oove+Land Ratio of the punp bearing is defined as
the width of a groove divided by the sumof the w th—of. a.groove and one
of its adjacent lands. This ratio is often presentgiRiEs ,&ReNH ;;ecﬁtage il The
preferred GraoovelGogyet+rland Ratio of the punp bea |ng i_S pr oxi rrat '

80% MHIPSHEET »iAS Bimf{ 110 and attached hub 124 U@A}'t gr;ooves
352 driaw ai mcgq_(m@tmard ahd grooves 356 dridw air up -
bear i ng—Frgtre—4-deptets an alternative enbodi nent wherein the grooves 402
on the outer surface of sleeve 102 are all parallel and push the |ubricant.
gas in one direction. For this reason the enbodinent is referred to as a
unidirectional configuration. THepROODENSMIC depaeted in FIG 3. is referred
to as a bidirectional configuration since it pulls the lubricant gas in

fromthe top and bottom of the punp bearing. In the unidirectional
enbodi rrep\t%ﬁ,slle‘% ,}80 has been renoved and passage 185 extends the entire
| ength o €T102. In addition, gas inlets 146

A hydrodynamic pump is formed coaxially with respect to a hydrodynamic bearing.
The integrated bearing and pump assembly can provide pressurized fluid for various uses
within the device incorporating the bearing. In the hydrodynamic bearing assembly a
secondary hydodynamic bearing is incorporated into the primary bearing assembly. The
secondary bearing is optimized for high flow pumping applications rather than the high
pressure, zero flow requirements of the primary bearing. When the bearing assembly is
rotated, fluid flow is provided. The assembly includes a first cylinder (124), a second
cylinder (102) coaxially within the first cylinder, and a shaft (110) coaxially within the
second cylinder. The shaft (110) and first cylinder (124) are attached to rotate together.
Grooves (306, 352) on the outer surface of the shaft (110) and second cylinder (102) form
the primary and secondary bearing respectively.

Fig. 3
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have been

renoved so that the upward air flow generat ed™ bg “the-grooves 402

is redirected down passage 185. Tabl e 1 conpafEsAFRREdesHgaT I
paranmeters of the unidirectional and bidirectional] enmbo TABLE I
Bi di recti onal Uni di rectional Pressure (kFﬂﬂ*‘@ (i HE—.RJL 9. Aﬂg

(3 psi) 21 (3 psi) Flow (I pm o= ]
1.2 Rotation Rate (RPM 10000 10000

D amet er ( bepchieved. Therefore, some magnetic ré@r8ing disks are supported by #h2ai8 bRardngl

Cl ear ance

7.6 7.6 (mcrons)

(300 mi cr obpiglesyhich con(ige®f @i leyrdsodiaedg jaunred dreanng @ ouppest radial loads ard a

20 G rove Depth (m crons) 42

20
56 (0. 0016Byqreylynamic thrust bearing 4@ suPRoRY axideads/ Gr oove+Land

80

The pressuregclreated by hydrodynamic gas bearings can be sizeable. However,
this pressure is usually unavailable for other uses within a device. Any attempt to bleed
gas flow from a gas bearing would seriously effect its ability to function properly.
Therefore, devices that incorporate hydrodynamic gas bearings are unable to utilize the
pressurized gas created by the rotating shaft. If such a device requires a long-term
source of pressurized gas it must incorporate a mechanical compressor. These
compressors are often undesirable since they occupy space within the device, consume
power, and are a source of vibration and contamination.

SUMMARY OF THE INVENTION

According to one aspect of the invention there is disclosed a pump comprising: a
first cylinder haviing a fluid bearing inner surface; a second cylinder positioned coaxially
within the first cylinder and attached to a base, the second cylinder having a fluid
bearing inner surface and a fluid bearing outer surface, the fluid bearing outer surface
having at least one dynamic pressure generating groove; a shaft positioned coaxially
within the second cylinder, the shaft having a fluid bearing outer surface having at least
one dynamic pressure generating groove; a clamp for attaching the shaft to the first
cylinder; means for rotating the shaft so as to form a first hydrodynamic fluid bearing
between the first cylinder and the second cylinder and a second hydrodynamic fluid
bearing between the second cylinder and the shaft; an inlet for a lubricating fluid; and a
passage in the body of the second cylinder extending from the fluid bearing outer surface
of the second cylinder to the base wherein dynamic pressure in the first hydrodynamic
fluid bearing pumps the lubricating fluid through the passage.

According to another aspect of the invention there is disclosed a spindle system
comprising: a spindle hub having a fluid bearing inner surface; a sleeve positioned

coaxially within the spindle hub and adapted for attachment to a support base, the sleeve

2



Ratio (% G oove Angle (degrees) 158

154 Length (mm 50 T e
(Bidirectional: Intake from both ends, pressure tap =at" Ceniﬂ 7""
Unidirectional: Intake at one end, pressuse tap a{ oppo]sﬂ n‘§$
variations on the enbodi ments described above wi I Ch readr'I'V"aDpar nt to

the skill ed person, [For exanple the working medium of tAe punmp IS not
linited tohaigas? i beaping 'd?f]c'h;?kﬂrﬁéf&yri’arﬁudd PEHNE GYIcd BEfassaphe R thesPemm

I d he. b

et A so. PrnaT Rt el iabs PRy bk S HEmee b%iﬁ‘w%m@'eamned
ith dt I

L A0t B ATeul S RBS G b 3b: RERLRAR (PR T bR A
b Ya]l Akl Mdf /s

"m0 il 11 o el R Siipe il dhd PRIARE BT Wififihs 0 @éﬁﬁﬁé&é‘éﬁ%&‘qﬁé
hydr odynanm ciadngeafas JReesudRse nhiiag héint B6r g&i&ﬁ%ﬁ% &Jnam@a TRid Sredbd¥: and

drives, it would occur to one skilled in the art at” the described fluid
punp woul d nltare fadoatinggrs shaft @f fxelo fda iaCfSt hytRbdynamic fluid bearing between the
fluid bearing inner surface of the spindle hub and the fluid bearing outer surface of the
sleeve and a second hydrodynamic fluid bearing between the fluid bearing inner surface
of the sleeve and the fluid bearing outer surface of the shaft; wherein during rotation of
- the shaft and in the presence of a lubricating fluid in said first and second hydrodynamic
fluid bearing, dynamic pressure in the first hydrodynamic fluid bearing pumps the
lubricating fluid through the passage in the sleeve.

According to still another aspect of the invention there is disclosed a data recording
disk drive comprising: a spindle hub having a fluid bearing inner surface; a recording
disk attached to the spindle hub; means for moving a transducer for reading data from or
writing data to the recording disk; a sleeve position coaxially within the spindle hub and
fixedly attached to a base; the sleeve having a fluid bearing inner surface, a fluid bearing
outer surface, and a passage providing fluid communication trom the fluid bearing outer
surface to the base, the fluid bearing outer surface having means for generating dynamic
fluid pressure; a shaft connected to the spindle hub and positioned coaxially within the
sleeve, the shaft having a fluid bearing outer surface having means for generating
dynamic fluid pressure; and means for rotating the shaft so as to form a first
hydrodynamic fluid bearing between the fluid bearing inner surface of the spindle hub
and the fluid bearing outer surface of the sleeve and a second hydrocynamic fluid bearing
between the fluid bearing inner surface of the sleeve and the tluid bearing outer surface
of the shaft: wherein, during rotation of the shaft, dynamic pressure in the first
hydrodynamic tluid bearing pressurizes a lubricating fluid and pumps it through the

passage in the sleeve.



i ncorporate hydrodynam ¢ bearings, such as high precision.nmachine tools.
CLAI MS 1. A punp conprising: a first cylinder ha&esnge @:v‘ UIﬁ:_tiear|| ng
i nner surface; a second cylinder positioned coa>di ally 795? Lirst
cylinder and attached to a base, the secénd cyl |‘lnd§tlf, h\ﬂ La ui g bearing
inner surface and a fluid bear| ng outer surface, ~—T‘I‘r&-:f:l—iil:_b&6Lln\g” out er

surface havin east on nam c press ener at i oove; a shaft
posi ti oned cog[;’?’é?‘%'y’wst%t C{! ‘é?”g‘é’éb‘ﬁ ”Eyﬁ SFrbgdh ‘gﬁ%{?[" HWI(HQL%HWIE(UI d

beari ng out ur ac t east one dynam c pressure generating
gr oove,; 1%%1 “For° got{@ ﬂp&”ﬁg 6 ShETt to the first -cylinder; neans for

rotating the gftl 1§Qé@{fehﬁa?1cfcﬁ%ﬂ Js. roelg &Wé’sﬁ@éﬂfim c fluid bearl ng bet ween

the first cylin a second hydrodynam c fluid
bearing bet weeygt @eisSEC&BQ-s%Wlélﬂfi%e\@Qﬁ thBQikN§Fihdle assembly of the disk drive

system of Fig. 1;

Fig. 3 is an exploded cutaway perspective view of a bidirectional flow embodiment
of the spindle of Fig. 2; and

Fig. 4 is an exploded cutaway perspective view of a unidirectional flow
embodiment of the spindle of Fig. 2.

With reference to Fig. 1, a schematic diagram of a disk drive is illustrated and is
designated by the general reference number 10. System 10 comprises a disk spindle
assembly 12 and a head actuator assembly 14. Spindle assembly 12 and head actuator
assembly 14 are located within a sealed housing 16 to prevent particulate contamination.

Spindle assembly



an inlet for a lubricating fluid; and a passage i N gp T tre=second
f

&, Pody=0
cyl i nder ext ‘\u\a\‘ |UI d bearing outer sir cé‘ﬁ‘f Fhedsesbnd
cylinder to g\‘ m dynam c pressure in f{l fi dr nam c
| Ee:__pg Q ............ IThe
=DES 2t

~

fluid bearing'spurps-t h® IUbricating fluit throughiit :
punp of claim1l wherein the passage intersects the fl ~b"earl g~ “Giit-er
surface of the second cylinder at a point substantially mdway along the

| ength of the second cylinder. 3. TRELAIMP of claim 1l wherein the

| ubricating fluid is a gas. 4. The punp of claim1 wherein the

| ubri catinlg fl'%lpél“lpswém"ilsdﬂﬁ d. 5. A spindl e system conprising: a spindle

hub having a fl ace, eve positioned coaxially
within the spianﬁfséCﬁdﬁfeérl?g‘”&ééﬁ‘ﬁa%F%m%‘t“fl%rc ¥ to a support base, the
SN a0 L A AR BRSSP AR b
base, the second cylinder having a fluid bearing inner surface and a fluid bearing outer
surface, the fluid bearing outer surface having at least one dynamic pressure generating
groove;
a shaft positioned coaxially within the second cylinder, the shaft having a fluid
bearing outer surface having at least one dynamic pressure generating groove;
a clamp for attaching the shaft to the first cylinder;
means for rotating the shaft so as to form a first hydrodynamic fluid bearing
between the first cylinder and the second cylinder and a second hydrodynamic fluid
bearing between the second cylinder and the shaft;
an inlet for a lubricating fluid; and
a passage in the body of the second cylinder extending from the fluid bearing outer
surface of the second cylinder to the base wherein dynamic pressure in the first
hydrodynamic fluid bearing pumps the lubricating fluid through the passage.
2. The pump of claim | wherein the passage intersects the fluid bearing outer surface
of the second cylinder at a point substantially midway along the length of the second
cylinder.
3. The pump of claim | wherein the lubricating fluid is a gas.
4. The pump of claim 1 wherein the lubricating fluid is a liquid.
5. A spindie system comprising:
a spindle hub having a fluid bearing inner surface;
a sleeve positioned coaxially within the spindle hub and adapted for attachment to a
support base, the sleeve having a fluid bearing inner surface, a tluid bearing outer

surface, and a passage providing fluid communication from the tluid bearing outer



surface to the base the fl u@ beari ng outer surface having.-nmeans.fer.

generating dﬂmmﬂ“wl “ﬂ“ ;“ ture; a shaft connecligghdi.ddiespindhe ihub and
positioned c 1Ry e sl eeve, the shaft{{havin ﬂg‘pequ ng

ikaUI

outer surface having neans for generating dynaniclféﬁéq?b ..... é _____ r.€...and neans
for rotating the shaft so as to forma first hydrodyname-fi+td=beari ng
between the fluid bearing inner surface of the spindle hub and the fluid
beari ng ouuefiicsur fhadasaftht lmidbeeing and arfaec badnhydnodionarnerafihgiddndear i ng
between the fluid bearing inner surface of the sleeve and the fluid bearing
out er sur fthié podsseriee shaft; wherein during rotation of the shaft and in the
presence of a lubricating fluid in said first and second q%drodynanic fluid

bearing, dynarfi $1afr@ssegted [htherspindle Bub pydipesiaisiceasiplly withénterfdeayants t he
| ubricatin luid throu t he passage.in the sleeve. 6. The spindl e .
Syat em of B VR AARUR PepHEE PRI Adearh by Se dREE Her BFUAH oAy I ColkE:
surface of_the sl e&ve at a point substantially m dway al ong the | ength of

t he second’r‘fﬁ?men&g . 7. The spindle systemof claim5 wherein the

| ubricating flrﬂéaq\siﬁ)r qoga%i%g the shaft so as to form a first hydrodynamic fluid bearing

between the fluid bearing inner surface of the spindle hub and the fluid bearing outer
surface of the sleeve and a second hydrodynamic fluid bearing between the fluid bearing
inner surface of the sleeve and the fluid bearing outer surface of the shaft;

wherein during rotation of the shaft and in the presence of a lubricating fluid in
said first and second hydrodynamic fluid beafing, dynamic pressure in the first
hydrodynamic fluid bearing pumps the lubricating fluid through the passage in the
sleeve.
6.  The spindle system of claim 5 wherein the passage intersects the fluid bearing outer
surface of the sleeve at a point substantially midway along the length of the second
cylinder.
7.  The spindle system of claim 5 wherein the lubricating fluid is a gas.
8.  The spindle system of claim 5 wherein the lubricating fluid is a liquid.
9. A data recording disk drive comprising:

a spindle hub having a fluid bearing inner surface;

a recording disk attached to the spindle hub;

means for moving a transducer for reading data from or writing data to the
recording disk;

a sleeve position coaxially within the spindle hub and fixedly attached to a base;
the sleeve having a fluid bearing inner surface, a fluid bearing outer surface. and a
passage providing fluid communication from the fluid bearing outer surface to the base,

the fluid bearing outer surface having means for generating dynamic fluid pressure;



L

8. The spi muu im5 wherein the | ubji 1S a
liquid. 9. rm‘ms\mm E“mkdl sk drive conpri si nr F&’g;&‘é"p’ P(Iﬂ:l’\é i <sTh ivi ng a
fluid bearing tnrfer 'su f'f ace; a recordi ng disk atta rBe to1t®eJUsk_p| hub;
means for noving a transducer for reading data fro Ot Lag_da‘ca;to t he
recordi ng disk; a sleeve position coaxially within the spindle hub and
fixedly attached to a base: the sleeve having a fluid bearing inner

surface, a fl ut shabe@iinagicd e dic idiabub anthaostionedsmgsially axiilan Hig feayied the
communi cation fromthe fluid bearing outer surface to the hase the flujd
bearing ouaH )i HYH ARG MR ‘%-'&ac‘ggﬁ‘é‘l“%t"f‘??g‘soff?ha%’ﬁ“’c“a?”l’%|"d“§?’és§&\de

12 a shaft_connected to the spindle hub and positioned coaxially wthin the
sl eeve, t HEC¥HEF A" ﬁavi ng a fluid bearing outer surface having neans for

generating dyngm Hrurio(?atﬂlrgeﬁéuglﬁ'ﬁ 8995 to form a first hydrodynamic fluid bearing

between the fluid bearing inner surface of the spindle hub and the fluid bearing outer

surface of the sleeve and a second hydrocynamic fluid bearing between the fluid bearing
inner surface of the sleeve and the fluid bearing outer surface of the shaft;

wherein, during rotation of the shaft, dynamic pressure in the first hydrodynamic
fluid bearing pressurizes a lubricating fluid and pumps it through the passage in the
sleeve.
10. The data recording disk drive of claim 9 wherein the passage intersects the fluid
bearing outer surface of the sleeve at a point substantially midway along the length of the
sleeve.
11. The data recording disk drive of claim 9 wherein the lubricating fluid is a gas.

12.  The data recording disk drive of claim 9 wherein the lubricating fluid is a liquid.



1

means for rotatlng t he shaft so as to forma first-hydredynam-c-fidui-d
beari ng between the fl ui r surface of ﬁh%uﬁﬁnﬁdféohuﬁT d t he
fluid bearing outer SﬂﬂB&ﬁEF@ﬂﬂﬁhSE%m eve and a s@cond géggy |UId
beari ng between the ui dpieeaAGELY | nndr surface of] Pée:. an dt fluid
bearing outer surfac T, erelq duri 'OﬁﬂﬁLf haft,
?Iuid bearing pressurizes a

dynam c pressure in the first hydrodynanic
| ubricating fluid and punps it throu S in the sleeve. 10. The
data recordi ng disk drive of clain19 %Q%Nﬁﬁ?hgg%assage intersects the
fluid bearing outer surface of the sleeve at a point substantially m dway
along the length of the sleeve. 11. The dedmaagecordi ng di sk drive of claim
9 wherein the lubricating fluid is a gas. 12. The data recordi ng disk drive

of claim 9 wherein ﬁﬁgdlo%gaér&act ;Lun% L%Iogmed coax:.alq.y with respect to a

hydrodynamic bearing. The integrated bearing and pump assembly can
provide pressurized fluid for various uses within the device o
incorporating the bearing. In the hydrodynamic bearing assembly' a
secondary hydrodynamic bearing is incorporated into the primary bearing
assembly. The secondary bearing is optimized for high flow pumping
applications rather than the high pressure, zero flow requirements of the
primary bearing. When the bearing assembly is rotated, fluid flow is
provided. The assembly includes a first cylinder 124, a second cylinder
- 102 coaxially within.the first cylinder, and a shaft 110 coaxially within
the second cylinder. The shaft and first cylinder are attached to rotate
together. Grooves 306, 352 on the outer surface of the shaft and second

cylinder form the primary and seconday bearing respectively.
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HYDRODYNAMIC PUMP

ABSTRACT

A hydrodynamic pump is formed coaxially with respect to a hydrodynamic bearing.
The integrated bearing and pump assembly can provide pressurized fluid for various uses
within the device incorporating the bearing. In the hydrodynamic bearing assembly a
secondary hydodynamic bearing is incorporated into the primary bearing assembly. The
secondary bearing is optimized for high flow pumping applications rather than the high
pressure, zero flow requirements of the primary bearing. When the bearing assembly is
rotated, fluid flow is provided. The assembly includes a first cylinder (124), a second
cylinder (102) coaxially within the first cylinder, and a shaft (110) coaxially within the
second cylinder. The shaft (110) aind first cylinder (124) are attached to rotate together.
Grooves (306, 352) on the outer surface of the shaft (110) and second cylinder (102) form
the primary and secondary bearing respectively.

Fig. 3



