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rized disk drive assemblies, the small bearings are very susceptible to
brinelling, a mode of failure BACKGROUND OF THE INVENTION
whereby the stresses at the point contact of the balls within the bearing
exceed the strength of the The Invention is in the field of computer data
stor-   5   balls' drives are assembled on rubber cushions to age, and more
particularly concerns the configura-  provide suspension of the spindle
assemble and its tion of the head-disk-actuator (HDA) in a disk drive
rolling bearings. The suspension is required since assembly within which a
liquid lubricating material is  even minor impacts of the disk drive can
destroy or circulated to provide a liquid bearing for spacing a
significantly damage the bearings. When placed into head with respect to a
rotating rigid disk at a very low   10   a computer, a disk drive assembly
is mounted on a flying height, to continuously clean the internal envir-
mechanical suspension acting between the assembly onment of the assembly,
and to permit the use of a  and the chassis or the computer. This
mechanical porous, open conical bearing for the spindle upon   suspension
is usually an integral part of the disk drive which the disk rotates.
assembly; since the suspension is fixed in place, it As is known, prior art
disk drive assemblies use   15  forms the single most serious barrier to
removeable a hub structure which supports a rotating rigid disk  disk drive
assemblies. and is bearing-mounted within the enclosure struc-      The
unexpected result of using a liquid bearing is ture of an HDA assembly. The
orientation of the hub  the provision of very low flying heights for the
head structure within the assembly is typically upright or  with respect to
the disk, and the concomitant increase cantilevered. In either case, the
hub assembly is  20  in storage density. This worthy concept can provide
mounted for rotation on a rolling bearing assembly,  benefits in personal
computer technology, where usually of the ball bearing type. Such
assemblies are  miniaturization, ruggedness, and data compaction well
explained in Volume II of Magnetic Recording,  are significant goals. The
challenge presented by use edited by C.D. Mee et al., and published in
1988; see,  of a liquid bearing is to engineer a disk drive assembly in
particular, pages 49-55.                    25  environment in which the
liquid forming the head-disk In the prior art disk drive assembly, the
internal  bearing is collected and recirculated to the head-disk
environment is dry, and the bearings are Integrally lu-  Interface after
being thrown off the disk by the cen- bricated. In this regard, dessicated
air is circulated in  trifugal force of the disk's rotation. the assembly,
while the bearings are packed with lu-    Unconstrained transfer of the
liquid bearing ma- bricant, assembled, and installed as integral units.
30  terial off of the diskduring rotation establishes a "wet" The air is
circulated and filtered within the interior  environment in which the
liquid material is free to cir- of the disk assembly in orderto remove
contaminating  culate within the HDA assembly. Once the prospect of
particles from the head-disk interface, which extends  the wet environment
is admitted, it provides oppor- the life of the disk by reducing wear and
tearof its sur-  tunityfordesign elaborations thatfurther improve the face.
Conventionally, the air is circulated using either  35   HDAfor hostile
environments. The liquid employed to an open-loop or closed-loop air
system.             form the liquid bearing is a low viscosity lubricating
Another type of priorart disk drive is shown in Eu-  liquid with a high
viscosity index that supports stable ropean Patent Application No. EP-A-127
444 which    spacing of a head and rotating disk down to one mi- teaches
the use of lubricant coated magnetic disks  croinch, or less. which are
rotated on a spindle and unspecified rotat-  40 ing mechanism. The disks
are in an air tight enclosure  SUMMARY OF THE INVENTION and the enclosure
is filled with lubricant vapor, from a vapor source, such that evaporation
of the lubricant  The invention is based upon the inventors' joint from the
disk surfaces is suppressed. A porous struc-  observation that acceptance
of the wet environment ture or rough surface structure is used to
accelerate  45  in which a lubricating liquid is spun off of a rotating
rig- the evaporation of lubricant from the vapor source.  id disk can
provide at least two unexpected benefits, EP-A- 127444 mentions the use of
liquid materials   if the liquid is collected and recirculated within the
which can be used as lubricant materials steel, there-  HDA. First, since
the liquid circulates from the head- by initiating monotonic deterioration
of the bearing.  disk interface across the disk, and traverses the
Relatedly, during manufacture, all hard disk   50  space between the edge
of the disk and the HDA en- Recently, dramatic reductions in the size of
hard  closure, the liquid will collect and transport contamin- disk drive
assemblies have been made. Assemblies    ating particles from the head-disk
interface to the en- which incorporate disks with diameters as small as
closure. Next, the circulating lubricant obviates the 6,35 cm (2.5 inches)
have been marketed. To date, all  need for an integrally lubricated,
rolling bearing as- disk drive assemblies for hard disks utilize rolling
55  sembly and permits the use ofa porous, open conical bearing assemblies
in the spindle mechanisms. In all  bearing that provides radial and axial
positioning of disk sizes, ball and roller bearings form significant  the
HDAspindle. points of failure of the drive assembly. In the miniatu-  The
invention consists in a wet disk drive assem- 2   



3                   EP 0 384 762 B1                 4 bly comprising a disk
drive enclosure; a disk and spin-  a second embodiment conical bearing; dle
mechanism, including a rigid disk mounted on a    Figs. 4Aand 4B are
schematic diagrams showing spindle, said spindle being rotatably mounted to
said  how an HDA is physically mounted and electrical- disk drive enclosure
for rotating said disk in said disk  ly Interconnected in a computer,
Figure 4A illus- drive enclosure; means for rotating said spindle; and   5
trating the prior art, and Figure 4B illustrating the a liquid lubricating
material; said wet disk drive as-  invention; and sembly is characterised
in that It further comprises: a  Fig. 5 Illustrates a side, cutaway
elevation view of wicking material within said disk drive enclosure, said
a wet disk drive assembly having a spindle with wicking material for
transporting said lubricating ma-  a third embodiment conial bearing.
terial within said disk drive enclosure In response to  10 rotation of said
rigid disk, said wicking material form-  DESCRIPTION OF THE PREFERRED ing
extensions adjacent to the disk surface for deliv-  EMBODIMENT ering said
liquid lubricating material to said disk sur- face so as to provide a
liquid conduction path be-     Refer now to Fig. 1 in which a disk drive
assembly tween said wicking material and said disk surface.    15  is shown
in side cutaway, and includes an outer drive The disk drive assembly
further includes a non-  case 10 having upper and lower case walls, 12 and
rolling bearing assembly with a first, rotatable portion  14, and a central
planar surface 15 positioned be- on which the rigid disk is mounted, and a
second, sta-  tween the top and bottom walls to form a disk oper- tionary
portion that positions the first rotatable por-  ating space 17 and a space
19 to hold the disk drive tion and the rigid disk in the disk operation
space for  20  electronics (not shown). rotation. In the disk drive
assembly of the invention,  Within the disk operating space 17 there is
posi- the first, rotatable portion and the second, stationary  tioned a
head-disk-actuator (HDA) assembly includ- portion of the bearing assembly
are rotatably joined  ing a head actuation assembly 20 and a hub assem- by
a conical, or a frusto-conical bearing interface. A  bly 21. The hub
assembly 21 includes a pair of rigid lubricating assembly acts between the
bearing as-  25   magnetic disks 22 of the conventional Winchester sembly
and the wicking material for delivery of the liq-  type mounted on a
spindle assembly consisting of an uid lubricating material to the bearing
interface. Pre-  upper, rotatable portion 23 and a lower, stationary
ferably, the lubricating assembly includes a porous  portion 25. material
of which one of the bearing portions is      Provision is made for rotating
the upper portion formed, and contact between the porous material and   30
23 on the lower portion 25 by way of a brushless mo- the wicking material.
tor with a stator portion 27 fixed to the central planar It is therefore a
primary objective of this invention  portion 15 and rotor portion 28fixed
tothe upperspin- to provide a wet disk drive assembly in which a liquid
die portion 23 proximate tothe stator28. When energ- lubricating material
is continuously recirculated from  ized, the stator and rotor act
conventionally to cause the surface of a rotating disk through a return
path In  35  the upper portion 23 to rotate with respect to the sta- the
the assembly back to the interface between the  tionary lower portion 25.
Rotation of the upper portion disk and a head.
causes rotation of the disks 22 fixed to the upper por- Another objective
is to provide, In a head-disk-  tion. Rotation of the disks is for the
conventional pur- actuator assembly with a wet environment, a spindle  pose
of direct access storage of computer data. having an open conical bearing
that supports radial  40  Arrayed in the disk operating space 17 of the as-
and axial positioning of the spindle in the disk drive  sembly 10 is a
wicking material 30. The wicking ma- assembly.
terial is attached to the interior of the casing 10; and These and other
objects and distinct advantages  may entirely line the interior surface of
the disk oper- of this invention will become evident when the follow-
ating space 17. Alternatively, the wicking material 30 ing detailed
description is read with reference with the   45   may be attached to less
than all the interior surface below-described drawings.
of the disk operating space 17, however, in the em- bodiment illustrated in
Fig. 1, the wicking material is BRIEF DESCRIPTION OF THE DRAWINGS
attached to form at least a continuous, unbroken path between the upper and
center surfaces 12 and 15. Fig. 1 is a side, cutaway elevation view of a
disk  50   The material 30 is preferably a material which will con- drive
assembly illustrating a wet disk drive as-  duct a liquid by capillary
action, and thus may be, for sembly environment, a spindle with a first em-
example, a non-fibrous filter paper. In this form, the bodiment conical
bearing, and a head actuation  wicking material can be stamped from sheets
of filter assembly, also with a conical bearing;          paper or the
filter paper material may be formed into Fig. 2 is the top view of an
arrangementforretain-  55   a preferred conductive path configuration and
then ing the spindle illustrated in Fig. 1 on its pivot;  glued to the
interior surface of the disk operating Fig. 3 illustrates aside, cutaway
elevation view of  space 17. Alternatively, the Inventors contemplate a wet
disk drive assembly having a spindle with  that the wicking material may be
applied by a flocking 3  



5                   EP 0 384 762 B1                  6 process in which
glue is applied to the interior surface  portion 23 forms the rotatable
portion of the HDA of the disk operating space 17 in a pattern defining a
spindle. As illustrated in Figure 1, the upper portion liquid conducting
path and a flocking material com-  23 is formed from a porous ceramic
material which prising loose fibers is applied to the pre-applied pat-  can
conduct the lubricating material by capillary ac- tern of glue.
5   tion. The upper portion 23 includes a concave, frusto- As illustrated
in Fig. 1, the wicking material 30 in-  conical bearing surface 40. In
Figure 1, the second cludes finger extensions 31 which jut out from the
portion 25 has a first, annular pivot portion 41 formed wicking material
30, parallel and adjacent to the mag-  from a hard, bearing-grade material
such as stainless netic disks 22.
steel. Fundamental to the invention Is the provision of  10  The choice of
materials for the upper and lower a liquid lubricating material in the
wicking material 30,  spindle portions can differ from that illustrated.
For which is continuously conducted by the wicking ma-  example, both upper
and lower portions can be made terial's capillary action. The liquid
conduction is dif-  from non-porous, bearing-grade material, such as
ferentially driven, in that the liquid is conducted by the  stainless
steel. material 30 from locations that are relatively wet, or  15  The
pivot portion 41 has a convex frusto-conical saturated, to relatively dry
locations. The fingers 31  bearing surface 42 which is shaped to fit
closely to provide liquid conductive paths directly to the surfac-  and
join the concave bearing surface 40. The pivot es of the magnetic disks 22.
portion 41 is fastened to the central planarsurface 15 In operation, the
wicking material 30 Is Initially  by means of four pads, two illustrated by
44, each of saturated with the liquid lubricating material, causing   20
which is attached to an extension 47 of the surface some of the liquid to
be conducted by the fingers 31  15. The four pads 44 and the annular
configuration of to the surfaces of the disks 22. When the disks rotate,
pivot portion 41 accommodate an upward extension the liquid on the surfaces
provides a bearing interface  50 of the wicking material 30. The
upperextension 50 between the disk surfaces and the heads carried by
contactsthesurface40a of the upperbearing portion, the assembly 20 which
exchange magnetic data with  25   which transitions to the conical portion
40. The stator the disks. The complete description of the head-disk
assembly 27 is mounted on eight standoffs, four indi- interface is in the
previously-mentioned, commonly  cated by 51, to allow the wicking material
to form a assigned patent application, which is incorporated  continuous
path from wicking material 30 to the up- herein by reference in its
entirety.                ward extension 50 since the upward extension 50 is
As the disks achieve their intended speed of ro-  30  continuous with the
wicking material 30 and therefore tation, the liquid on their surfaces is
moved by the  forms a conductive path from the wicking portions 33,
centrifugal force of the disks' rotation to the edges of  through the
interior of the lower bearing portion 25, to the disks and spun off in the
equatorial planes of the  the surface 40a. Through this path, the bearing
inter- disks. The wicking material forms a partial annular  face is
lubricated during operation. ring in the equatorial planes of the disks in
order to ef-  35  To complete the description of the frusto-conical
ficiently collect the liquid material which is spun off.  spindle bearing
in the HDA of Fig. 1, the upper, rotat- Thus, as the disks operate, the
concentration of liquid  ing bearing portion 23 is rotatably joined with
the sta- in the material locations 33 which coincide with the  tionary
portion 25 by means of a thrust washer as- equatorial planes of the disks
22 will become relative-  sembly 60, illustrated in Figs. 1 and 2. The
thrust ly great, with the liquid being conducted by capillary  40   washer
assembly includes a metallic, cross-shaped action of the material 30 away
from those locations.  thrust washer 61, of the Bellevue type, for example,
As the liquid is transferred from the fingers 31 to the  to each extension
of which is attached a porous cer- surfaces ofthe disks, the fingers will
become relative-  amic pad (or stainless steel) 63. The washer 61 is re- ly
dry with respect to the locations 33, with the result  tained against,
orfastened to, the upper surface 12 of that the liquid will be conducted
from these locations,  45  the drive case 10. The Bellevue washer 61 and
at- out through the fingers, and back to the surfaces of  tached pads act
between the upper wall 12 and the the disks.
upper surface 65 of the bearing upper portion 23. The It should be evident
that as the liquid is recircu-  washermechanism 60 provides a high thrust
force di- lated from the surfaces of the disks 22 through the  rected along
the axis of the spindle bearing to retain wicking material 30 and back to
the surfaces, that  50  the upper portion 23 in rotatable engagement with
the contaminating particles will be carried by the liquid  lower bearing
portion 25. into the material and trapped in the equatorial planes  As
illustrated in Figs. 1 and 2, the wicking mate- of the disks 22.
rial 30 extends down through the washerassembly 60 The continuous
recirculation of the liquid lubricat-  to contact the upper surface 65 of
the bearing upper ing material within the wicking material 30 provides  55
portion 23. This provides a conductive path for the liq- the opportunity
for use of an open frusto-conical   uid lubricant from the wicking material
30 to the inter- bearing composed of the upper and lower bearing     face
between the pads 63 and the top surface of the portions 23 and 25. As
illustrated, the upper bearing  upper spindle portion 23. 4 
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portion 23 is rotated by the  face 15 by four lower extensions 82. The
pivot 81 is brushless motor, the bearing interface is lubricated by
annular and has a central opening through which an conduction of liquid
lubricant through the extension  extension 83 of the wicking material rises
to conduct 50 to the surface 40a. The centrifugal force of rotation  the
liquid lubricant which lubricates the conical inter- of the bearing forces
the liquid lubricant outwardly on   5   face. The rotating portion 80 is
held in rotatable con- the surface 40a, and then downwardly along the con-
juction with the pivot 81 by a Belivue washer assem- ical interface between
surfaces 40 and 42, and out  bly 84, which is fastened to the top casing
wall 12. The through the bottom of the interface at 70, where it re-
Belivue washer assembly 84 permits an extension 86 enters the wicking
material 30. The flow of the lubri-  of the wicking material to lubricate
the top surface of cating material to the conical bearing interface   io
the rotating spindle portion 80. through the extension 50 can be enhanced
by an an-      Refer now to Fig: 3 in which a second embodi- cillary pump
which will increase the liquid pressure at  ment of a conical spindle
bearing for a disk-drive as- the bearing interface; spiral etching of one
or the  sembly 100 is shown in side cutaway. The assembly other of the
bearing surfaces 40 and 42, will also en-  100 includes an outer drive case
110 having upper courage movement of the liquid lubricant along the in-  15
and lowercase walls 112 and 114 in which a rigid mag- terface.
netic disk 116 of the Winchester type is mounted for It is to be observed
that the exhaustion of lubri-  rotation. The outer case 110 encloses an
interior disk cant from the conical bearing at 70 protects the sur-
operating space 118 forming a closed environment face of the disks 27 from
debris originating in the  within which the disk 116 rotates for
conventional bearing. All such contamination is trapped in the wick-  20
magnetic storage of computer data. The interior sur- ing material beneath
70 and filtered out of the lubri-  face of the case 110 is lined with a
porous wicking ma- cant before it reaches the disk.
terlal 120. It is asserted that the wicking material 120 The conical
bearing provides an improved perfor-  is saturated with a liquid
lubricating material which is mance with respect to the prior art spindle
bearings.  recirculated by means discussed above. The lubricat- As
discussed above, the rolling bearings of the prior  25  ing material is
applied to the surface of the disk 116 art spindles, based upon ball- or
roller-bearings, con-  and, when the disk 116 rotates during operation, is
stitute one of the primary failure mechanisms of prior  thrown off of the
disk in the disks equatorial plane art spindles. Further, the rolling
bearings of the prior  back to the wicking material 120. art spindles cause
non-repeatable run-out (NRRO)        When the disk 116 spins, the portion
of the wick- dependent upon the axial load of the bearings. As is  30  ing
material 120 which is in the equatorial plane of the known, NRRO degrades
disk performance by shifting   disk 116 becomes saturated with liquid
lubricating adisktrackwithrespecttotheheadcurrentlyreading      material,
with the excess liquid lubricating material or writing the track. In
contrast, the conical bearing of  being conducted by capillary action
throughout the the invention provides a spindle bearing with non-roll-
wicking material, and returned to the bearing inter- ing parts that
operates to axially and radially align the   35  face from the wicking
material. bearing portions without NRRO. Use of the conical       As
Illustrated, the spindle assembly 130 which bearing of Fig. 1 in prior art
disk drives is unobvious  supports the disk 116 for rotation includes a
rotatable because such bearings tend to pump the lubricant out  upper
bearing portion 132 having a generally conical of the bearing interface due
to centrifugal action. As  interior interface surface 135 which receives
the up- all of the priorartdisk drive assemblies are "dry, they   40   per
conical bearing surface 136 of a stationary steel require bearing designs
which integrate and maintain  pivot 137. The steel pivot 137 is mounted on
the bot- the bearing lubricant within the bearing assembly.  tom wall 114
of the case 110, while the upper bearing This leads, naturally, to the use
of rolling-type bearing  portion 132 is held against the pivot 137 for
rotation assemblies which can be manufactured and assem-     thereupon at
the conical interface by means of a bled into the prior art disk drive
spindles in a closed   45  thrust bearing 140 retained axially against the
upper form retaining the lubricant within the bearing. How-  bearing
portion 132 by a spring clip 142. The spring ever, the opening of the disk
operating space envir-  clip 142 is conventionally retained against
orfastened onment to the free flow of a liquid lubricant frees the  to the
upper case wall 112, where it acts between the prior art diskdrive spindle
design from the need tore-  thrust bearing 140 and the wall to exert a
force tain lubricant within the spindle bearings, thus, giving   50
against the upper bearing portion 132, thrusting it ax- birth to the
possibility of the conical bearing included  ially against the stationary
pivot 137. As shown, the in this invention.
thrust bearing 140 has a central opening through As Figure 1 illustrates,
the head actuator assem-  which an extension 141 of the wicking material
120 bly 20 of the HDA also incorporates an open conical  extends. bearing
in which a moveable pivoting portion 80 has  55  The upper bearing portion
132 is manufactured of a lowerfrusto-conical concavity which interfaceswith
the porous ceramic material mentioned above, which a convex frusto-conical
surface of a lower, stationary  conducts the liquid lubricating material by
capillary pivot. The stationary pivot 81 is fastened to the sur-  action
from the extension 141 down to the conical 
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interface between the surfaces 135 and 136.  198 is operated. Typically,
the mother board 220 is a The stationary pivot 137 is manufactured of
stainless  printed circuit board which is mounted in the computer steel and
is fixed to the bottom casing wall 114.  198. The mother board includes a
backplane and a Alternatively, the pivot 137 can be made of the  numberof
pluggable interfaces into which circuit card porous ceramic material, and
the upper bearing por-   5   modules can be inserted. The data and control
signal tion 132 of stainless steel. In this case, the conical  interfaces
between the mother board 220 and the bearing interface would be lubricated
by conduct ion  disk drive 200 are symbolized by data paths 231 and of
liquid lubricant from wicking material on the lower  232, respectively,
which usually comprise wire bun- case wall 114 through the porous ceramic
material of  dies connected to the mother board 220. the stationary pivot.
10      With the wet environment illustrated above per- The upper bearing
portion 132 is rotated on the  mitting the use of a liquid bearing to
support "flight" pivot 137 by a brushless motor including a stator 145  of
a magnetic head with respect to a rotating disk, and fixed to the bottom
casing wall 114 by standoffs 146  an open conical bearing for the spindle
and actuator and a rotor 147 mounted against a lower annular lip
assemblies In the disk drive assembly, the HDA of a 148 of the upper
bearing portion 132. The standoffs  15  disk drive assembly can be mounted
directly onto a provide a continuous wicking path for the wicking ma-
mother board by conventional rigid or pluggable terial 120 to conduct
liquid and lubricant to orfrom the  mounting means. The liquid head-disk
bearing and pivot 137.                                         the open
conical bearings of the spindle and head ac- The means of returning the
liquid lubricating ma-  tuator provide a high resistance to shock and
vibra- terial to the surface of the disk 116 and the the mate-  20  tion,
thereby eliminating the need for shock mounting rial extension 140 includes
the means and proce-   or other mechanical suspension of the HDA. Thus, as
dures described above in connection with Figure 1.  illustrated in Figure
4B, the HDA 300 of a disk drive Asignal advantage of the wetdiskdrive
assembly  assembly can be mounted directly to a host mother which includes
a conical spindle bearing Is illustrated  board 302. This eliminates the
need for a frame and in Figures 4A and 4B. In Figure 4A, the conventional
25  suspension for mounting the assembly, as well as prior art mode of
mounting a disk drive unit in a com-  precautionary steps required for
manufacture and as- puter is illustrated. In Figure 4A, a disk drive
assembly  sembly. It is asserted that with the configuration of 200,
comprising a self-contained unit which Is mount-  Figure 4B, the mother
board 302 can carry all of the ed to the chassis of a computer 198 includes
an HDA  electronics necessary to operate the HDA300 includ- 210, an
Interfacing motor driver 211, a read/write  30  ing the head actuater
servo, a motordriver, read/write channel 212, a head actuator servo 214,
and micro-  channel, and a micro-processor/controller. The routi-
processor/controller218. The motordriver211 is con-  neerwill appreciate
that this eliminates the necessity nected to drive the brushless electric
motor which ro-  for cable interconnection between the disk drive as- tates
the spindle and attached disk in the HDA212 as  sembly and host mother
board. Instead, the interfac- described above. The read/write channel 212
com-  35  es previously served by cables can be integrated into prises one
or more bi-directional, coded data chan-  the backplane of the mother
board. nels, represented by the signal line 213, each operat-  Refer now to
Figure 5 for third embodiment of a ing through a respective one of the
heads mounted on  conical bearing to be used in the spindle mechanism the
head actuator assembly 211 of the HDA. The    of a upperand lower axial
conical bearings. This spin- channel 212 operates conventionally In
conjunction   40  dle assembly is indicated generally by400 and carries
with a servo 214 which positions the read/write heads  a pair of rigid
magnetic disks 402. The rotatable por- in the HDA as required for storing
or retrieving coded  tion of the spindle includes a stainless steel axle
403 data. The micro-processor/controller 216 operates as  having upper and
lower frusto conical surfaces 407 a control "plug" through which the servo
214 and the  and 408. Upper and lower hubs 410 and 412 are com-
motordriver211 are operated. The processor/control-  45  plementarily
mounted on the upper and lower walls ler 216 provides information to the
channel 212 Indi-  410a and 412a of an interlorcasing held within an out-
cating when, and where, a head has been positioned  er casing 411. These
hubs are formed from a porous in the HDA for reading or writing. A "host"
mother  material which conducts the liquid lubricant; such a board forms
the primary data interface with the chan-  material can Include the porous
ceramic material re- nel 212 and the primary control interface with the
50  ferred to above or to a conventional sintered porous
processor/controller 216.                          bronze material from
which oil-lite bearings are made. In the conventional arrangement of Figure
4A, the  The hubs 410 and 412 have a frusto conical surface disk drive
assembly 200 is permanently mounted     414 and 416, respectively.
Astator420 and rotor421 within the computer 198 by means of a frame with a
provide a rotating force for the axle 403 when the sta- shock mounting
suspension 230, which is provided to  55  tor 420 is energized. As is
known, the porous material mechanically isolate the disk drive 200 from the
com-  of which the upper and lower hubs 410 and 412 are puter 198, thereby
protecting it from the effects of the  formed will conduct the liquid
lubricant described 



mechanical environment within which the computer   above to the bearings
interfaces. The lubricant is de- 6    11                  EP 0 384 762 B1
12 livered to the hubs through the wicking material 430  3. The wet disk
drive assembly of Claim 2, wherein which lines the interiorof the diskdrive
assemblycase   said lubricating means includes a porous material 432. The
wicking material includes fingers 435 for lu-  of which said second,
stationary portion (63,410, bricating the disks 402. Although not shown,
the sta-   412) is formed, said porous material being in con- tor 420 is
discontinuous and provides a path by which   5  tact with said wicking
material. the material 430 contacts the lower hub 412. Obviously, although
the description given above  4. The wet disk drive assembly of Claim 2,
wherein illustrates our invention, it should be understood that  said
lubricating means includes a porous material this description does not
limit the disclosed embodi-   of which said first, rotatable portion (23,
80,132) ments, and that the invention may be practiced other-  10  is
formed, said porous material being in contact wise than is specifically
described without departing   with said wicking material. from the claims,
which follow. 5. The wet disk drive assembly of Claim 1, wherein the
extensions (31, 430) adjacent to the disk sur- Claims
15      face are parallel finger extensions. 1. Awet disk drive assembly
comprising a disk drive  6. The wet disk drive assembly of Claim 2, wherein
enclosure (10,114,410a,412a); a disk and spindle    said first, rotatable
portion and said second, sta- mechanism  (21,400), Including a rigid disk
tionary portion are rotatably connected by an (22,116,402)   mounted   on
a   spindle  20       open conical or frusto-conical bearing interface
(23,25,130,400), said spindle being rotatably       (40, 42, 135, 136, 407,
408, 414, 416). mounted to said disk drive enclosure (10,114,41 Oa,412a)
for rotating said disk in said  7. The wet disk drive assembly of Claim 1,
wherein disk  drive  enclosure; means for rotating          said wicking
material (30, 120, 430) forms a par- (27,28,145,147) said spindle; and a
liquid lubri-  25  tial annular ring whereby said lubricating liquid is
cating material;                                    collected in response
to rotation of said rigid disk characterized in that said wet disk drive
(22, 116, 402). assembly further comprises: a wicking material (30,120,430)
within said  8. The wet disk drive assembly of Claim 3, wherein disk drive
enclosure (10,114,432), said wicking   30  said lubricating means includes
a porous material material for transporting said lubricating material  of
which said first, rotatable portion is formed (23, within said disk drive
enclosure In response to ro-  80, 132), said porous material being In
contact tation of said rigid disk (22,116,402), said wicking  with said
wicking material. material forming: extensions (31,435) adjacent to the
disk   35  9. The wet disk drive assembly of Claim 1 wherein surface for
delivering said liquid lubricating mate-  said disk and spindle mechanism
further include: rial to said disk surface so as to provide a liquid
a first, rotatable, spindle portion (23, 80, conduction path between said
wicking material       132, 403) with means for mounting said rigid disk
and said disk surface.                              (22, 116, 402) to said
first, spindle portion; 40            a second, stationary spindle portion
(81, 2. The wet disk drive assembly of Claim 1, said disk    137,410,412)
with means for mounting (82) said and spindle mechanism further including:
second spindle portion on said disk drive enclo- a bearing assembly with a
first, rotatable     sure (10, 114, 410a, 412a); portion (23,80,130,400)
upon which said  rigid            a first bearing surface (40, 135, 407,
408) disk (22,116,402) is mounted;               45      formed in said
first spindle portion, said first bear- a second stationary portion
(25,137,410,      ing surface having a first conical contour, and 412)
which positions said first, rotatable portion        a second bearing
surface (42, 136, 414, and said rigid disk (22,116,402) in said wet disk
416) formed in said second spindle portion, said drive assembly space for
rotation by said wetdisk   second bearing surface having a second conical
drive assembly, said first, rotatable portion and   50  contourwhich is
complementary to said first con- said second, stationary portion
rotatablyjoined at  ical contour, an open bearing interface
(40,42,135,136,407,             said first and second spindle portions be-
408,414,416); and                                   ing coupled for
rotation of said first spindle por- lubricating means (50,63,132,410,412)
tion on a spindle bearing interface at which said acting between said
bearing assembly and said  55   first bearing surface meets said second
bearing wicking material fordeliveryof a bearing lubricant  surface. to
said open bearing interface. 
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EP0384762B1                       12 livered to the hubs through the
wicking material 430   3. The wet disk drive assembly of Claim 2, wherein
which lines the interiorof the diskdrive assembly case    said lubricating
means includes a porous material 432. The wicking material includes fingers
435 for lu-    of which said second, stationary portion (63,410, bricating
the disks 402. Although not shown, the sta-     412) is formed, said porous
material being in con- tor 420 is discontinuous and provides a path by
which    5  tact with said wicking material. the material 430 contacts the
lower hub 412. Obviously, although the description given above    4. The
wet disk drive assembly of Claim 2, wherein illustrates our invention, it
should be understood that   said lubricating means includes a porous
material this description does not limit the disclosed embodi-     of which
said first, rotatable portion (23, 80,132) ments, and that the invention
may be practiced other-  10  is formed, said porous material being in
contact wise than is specifically described without departing     with said
wicking material. from the claims, which follow. 5. The wet disk drive
assembly of Claim 1, wherein the extensions (31, 430) adjacent to the disk
sur- Claims                                            15      face are
parallel finger extensions. 1. Awet disk drive assembly comprising a
diskdrive     6. The wet disk drive assembly of Claim 2, wherein enclosure
(10,114,410a,412a); a disk and spindle      said first, rotatable portion
and said second, sta- mechanism  (21,400), including a rigid disk
tionary portion are rotatably connected by an (22,116,402)   mounted   on
a   spindle   20        open conical or frusto-conical bearing interface
(23,25,130,400), said spindle being rotatably         (40,42,135, 136, 407,
408,414, 416). mounted to said disk drive enclosure (10,114,410a,412a) for
rotating said disk in said  7. The wet disk drive assembly of Claim 1,
wherein disk  drive  enclosure; means  for rotating           said wicking
material (30, 120, 430) forms a par- (27,28,145,147) said spindle; and a
liquid lubri-  25  tial annular ring whereby said lubricating liquid is
cating material;                                      collected in response
to rotation of said rigid disk characterized in that said wet disk drive
(22,116,402). assembly further comprises: a wicking material (30,120,430)
within said  8. The wet disk drive assembly of Claim 3, wherein disk drive
enclosure (10,114,432), said wicking   30  said lubricating means includes
a porous material material for transporting said lubricating material   of
which said first, rotatable portion is formed (23, within said disk drive
enclosure in response to ro-    80, 132), said porous material being in
contact tation of said rigid disk (22,116,402), said wicking  with said
wicking material. material forming: extensions (31,435) adjacent to the
disk   35   9. The wet disk drive assembly of Claim 1 wherein surface for
delivering said liquid lubricating mate-  said disk and spindle mechanism
further include: rial to said disk surface so as to provide a liquid
a first, rotatable, spindle portion (23, 80, conduction path between said
wicking material         132,403) with means for mounting said rigid disk
and said disk surface.                                (22, 116, 402) to
said first, spindle portion; 40            a second, stationary spindle
portion (81, 2. The wet disk drive assembly of Claim 1, said disk
137,410,412) with means for mounting (82) said and spindle mechanism
further including:              second spindle portion on said disk drive
enclo- a bearing assembly with a first, rotatable      sure (10,114, 410a,
412a); portion (23,80,130,400) upon which said rigid               a first
bearing surface (40, 135, 407, 408) disk (22,116,402) is mounted;
45      formed in said f irst spindle portion, said first bear- a second
stationary portion (25,137,410,         ing surface having a first conical
contour; and 412) which positions said first, rotatable portion          a
second bearing surface (42, 136, 414, and said rigid disk (22,116,402) in
said wet disk     416) formed in said second spindle portion, said drive
assembly space for rotation by said wet disk    second bearing surface
having a second conical drive assembly, said first, rotatable portion and
50  contour which is complementary to said first con- said second,
stationary portion rotatablyjoined at     ical contour; an open bearing
interface (40,42,135,136,407,             - said first and second spindle
portions be- 408,414,416); and                                      ing
coupled for rotation of said first spindle por- lubricating  means
(50,63,132,410,412)          tion on a spindle bearing interface at which
said acting between said bearing assembly and said  55     firstbearing
surface meets said second bearing wicking material fordelivery of a bearing
lubricant   surface. to said open bearing interface. 
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sine Schmiereinrichtung (50, 63, 132, 410, 412) an electrical interface
means for electrical  zum Einwirken zwlschen der Lagereinheit und
interconnection between the wet disk drive as-      dem Flechtmaterial
zwecks Zuffihrens eines La- sembly and a computer mother board (402); and
ger-Schmiermittels zur offenen Lager-Zwischen- suspensionless means for
rigidly mount-   5   flache. ing said disk drive enclosure (10, 114,432)
direct- ly to said computer mother board.                3. Nasses
Festplattenlaufwerk nach Anspruch 2, wobei die Schmiervorrichtung ein
pordses Mate- 11. The wet disk drive assembly of Claim 7, wherein     rial
aufweist, aus dem der zweibs, statlonare Teil said disk surface defines an
equatorial plane and   10  (63,410,412) gebildet ist, und wobei das pordse
said partial annular ring is positioned in said     Material mit dem
Flechtmaterial in Berihrung equatorial plane (33).
steht. 12. The wet disk drive assembly of Claim 2, wherein  4. Nasses
Festplattenlaufwerk nach Anspruch 2, the bearing lubricant is the liquid
lubricating ma-  15  wobei die Schmiervorrichtung ein poroses Mate- terial.
rial aufwelst, aus welchem der erste, drehbare Tell (23, 80, 132) gebildet
ist, und das mit dem Flechtmaterial in Berfihrung steht. PatentansprOche 20
5. Nasses Festplattenlaufwerk nach Anspruch 1, 1. Nasses
Festplattbn-Laufwerk mit einem Lauf-          wobei die Fortsatze (31, 430)
im Bereich der werksgehiuse (10, 114, 410a, 412a); mIt elnem
PlattenflIche parallel zu Finger-Fortsatzen ver- Festplatten- und
Spindelmechanismus (21,400),       laufen. umfassend sine starre Festplattb
(22, 116, 420), die auf einer Spindel (23, 25, 130, 400) gelagert  25   6.
Nasses Festplattenlaufwerk nach Anspruch 2, lst, wobei die Spindel im
Laufwerksgehause (10,     wobei der erstb, drehbare und der zweibt, statio-
114, 410a, 412a) drehbar gelagert ist, um die       nare Teil mittels
eineroffenen konischen oder ke- Festplatte im Laufwerksgehause anzutreiben,
gelstumpfformbgen Lager-Zwischenfliche (40, mit Mitteln zum Antreiben (27,
28, 145, 147) der    42,135,136,407,408,414,416) drehbarmitein- Spindel und
mit einem fliOssigen Schmiermittel,   30  ander verbunden sind. dadurch
gekennzelchnet, dalS das nasse Fest- plattenlaufwerk weiterhin umfalt:
7. Nasses Festplattenlaufwerk nach Anspruch 1, sin Flechtmaterial (30, 120,
430) Im Laufwerks-     wobei das Flechtmatbrial (30, 120, 430) einen
gehaluse (10, 114, 432) zum Transportieren des      Teo1ring bildet, so daB
flflssiges Schmiermittel Schmiermittels innerhalb des Laufwerksgehau-   35
entsprechend dem Umlauf der starren Festplattb ses entsprechend dem Umlauf
der starren Fest-       (22, 116, 402) gesammelt wird. platte (22,
116,402), wobei das Flechtmaterial im Bereich der Festplattbnflache
Fortsatze (31,     8. Nasses Festplattenlaufwerk nach Anspruch 1, K.>
435) zum Zufflhren des flOssigen Schmiermittels      wobei die
Schmiervorrichtung por6ses Material zur Diskflache aufweist, um eonen
Flfissigkeits-  40  aufweist, aus welchem der erste, drohbare Teil
fOhrungsweg zwischen dem Flechtmaterial und         (23,80, 132) gebildet
ist, und das mitdem Flecht- der Festplattenflache zu bilden.
material in Ber0hrung steht. 2. Nasses Festplattenlaufwerk nach Anspruch 1,
9. Nasses Festplattenlaufwerk nach Anspruch 1, wobei der Festplatten- und
Spindelmechanlsmus   45  wobei der Festplatten- und Spindelmechanismus
weiterhin umfaft: eine Lagereinheit mit einem er-   weitorhin umfaBt: einen
ersten, drehbaren Spin- sten, drehbaren Tell (23, 80, 130, 400), auf wel-
deltoil (23, 80, 132,403) mit Mitteln zum Lagern chem die starre Festplatte
(22,116,402) gelagert    der starren Festplatte (22, 116, 402) am ersten
ist;                                                Spindelteil; eonen
zweiten, stationaren Teil (25, 137, 410,  So  eonen zwelten, stationaren
Spindelteil (81, 137, 412), derden ersten, drehbaren Tell und die Fest-
410, 412) mit Mitteln zum Lagern (82) des zwel- platte (22,116, 402) im
Raum des nassen Fest-       ten Spindelteiles am  Festplattbnlaufwerk-Ge-
plattbnlaufwerks zum Umlauf mittels des nassen      hause (10, 114, 410a,
412a); Festplattenlaufwerks positioniert, wobel der er-    eine erste
LagerflAche (40, 135, 407, 408), die ste, drehbare und der zweite,
stationare Teil an  6s  dem ersten Spindelteil angeformt let und die sine
einer offenen Lager-Zwischenfliche (40, 42,         ersto konische Kontur
aufweist; und 135, 136, 407, 408, 414, 418) drehbar zusam-        sine
zweite Lagerflache (42, 136, 414, 416), die mengeffigt sind; und
dem zweitn Spindelteil angeformt Ist und die ei- 
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I   ! no zweite konische Kontur aufweist, die zu der  2. Montage d'unit6 de
disque humide selon la reven- ersten konischen Kontur komplementar ist;
dication 1, dans lequel leditm6canisme de disque wobel der erste und der
zweite Spindeltell         et de broche comporte en outre: zwecks Umlaufs
des erston Spindelteiles auf el-         un systeme de pallor avec une
premibre ner Spindellager-Zwischenfilche miteinander   5    partie,
rotative (23,80, 130,400) sur laquelle est gekoppelt sind, an welcher die
erste Lagerflache   monte ledit disque rigide (22, 116, 402); mit der
zweiten LagerflAche zusammentrifft.             une seconds partie, fixe
(25, 137, 410, 412) qui positionne ladite premiere partle, rotati- 10.
Nasses Festplattenlaufwerk nach Anspruch 1,       veet ledit disque rigide
(22,116,402) dans ladito weitorhin umfassend:                       10
enceintb du montage d'unbit de disque humide en sine elektrische
Schnittstelle zum elektrischen    vue d'un entratnement en rotation par
ledit mon- Zusammenschalten des nassen Festplattenlauf-       tage d'unite
de disque humide, ladite premibre werks und einer
Computer-Mutter-Schaltplattb       partie, rotative et ladite seconde
partie, fixe etant (402); und
raccord6es, de facon rotative, a une interface de sine aufhingungslose
Vorrichtung zum starren   15  pallor ouverto (4Q, 42, 135, 138, 407, 408,
414, Lagern des Festplattenlaufwerk-Gehauses (10,       416) ; et 114, 432)
unmittelbar an der Computor-Muttor-           des moyens de lubrification
(50, 63, 132, Schaltplattb.                                      410, 412)
agissant entre ledit systbme de pallor et ledit materiau formant mbche afin
de delivrer 11. Nasses Festplattenlaufwerk nach Anspruch 7,  20   un
lubrifiant de paller a ladite interface de pallor wobei die
Festplattenflache sine Aquatorialebe-    ouverto. ne bildet und der
Teilfing In der Aquatorialebene (33) angeordnet ist.
3. Montage d'unlt6 de disque humide selon la reven- dication 2 dans lequel
lesdits moyens de lubrifi- 12. Nasses Festplattenlaufwerk nach Anspruch 2,
25   cationsont constituis d'un mat6riau poreux dont wobei das
Lagerschmiermittbl das fltissige         est form6e ladits seconde partle,
fixe (63, 410, Schmlermittel ist.                                 412),
ledit materiau poreux 6tant au contact dudit materiau formant miche.
Revendications                                30  4. Montage d'unite do
disque humide selon la reven- dication 2 dans lequel lesdits moyens de
lubrifi- 1. Montage d'unltd de disque humide comprenant        cation sont
constitues d'un mat6riau poreux dont une enceintb dunit de disque (10, 114,
410a,       estform~e ladite premibre partie, rotative (23, 80, 412a) ; un
mecanisme de disque et de broche        132), [edit materiau poreux etant
au contact dudit (21, 400), comportant un disque figide (22, 116,  35
matefiau formant mcbhe. 402); monte sur une broche (23,25,130,400), la-
dite broche etant montse a rotation par rapport At  5. Montage d'unit6 de
disque humide selon la reven- laditb enceinte d'unite de disque (10, 114,
410a,  dication 1 dane lequel les saillies (31, 430) adja- 412a), de
maniere A fairo tourner le disque dana   centes A la surface du disque sont
constituees de ladite enceinto d'unite de disque des moyens (27,  40
prolongements en forme de dolgts parallbles. 28, 145, 147) pour entratner
ladite broche en ro- tation et un mathriau liquide de lubrification;  6.
Montage d'unite de disque humide selon la reven- caracterise en ce quo
ledit montage d'uni-   dication 2 dans lequel ladite premibre partie, ro-
te de disque humide comports en outre:             tative et ladit seconds
partle, flxe sont conneo- un mat6riau formant mbche (30, 120, 430)  45
teos A rotation par lIintermbdialre d'une interface A l'Interleur de ladite
onceintb d'unite de disque  de palier conique ou tronconique ouverte
(40,42, (10, 114,432), ledit materiau formant meche ser-   135, 136, 407,
408, 414, 416). vant A transporter ledit mathriau de lubrificatlon A
l'inthrieur de laditb enceinte d'unite de disque  7. Montage d'unite de
disque humide selon Ia reven- en reponse A la rotation du disque rigide
(22, 116,  so  dication 1 dane lequel ledit materiau formant mb- 402),
ledit materiau formant meche constituant:    che (30, 120, 430) forms une
bagus annulaire des saillies (31, 435) adjacentes A la sur-  partieli grace
A laquelle ledit liquids de lubrifica- face du disque afin de dhlivrer
ledit mathriau liqui-  tion est recuelill en reponse Ala rotation dudit
dis- do de lubrification A ladite surface du disque en  quo rigide (22,
116, 402). vue de reallser une trajectoire conductrice du li-  55 quide
entre ledit materiau formant meche etladite  8. Montage d'unite de disque
humideselon la reven- surface du disque.
dication 3 dans lequel lesdits moyens de lubrifi- cation sont constitues
d'un materiau poreux dont 
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DII, ast formre ladite premiere partie, rotative (23,80, 132), ledit
mat6riau poreux etant au contact dudit materlau formant meche. 9. Montage
d'unite de disque humide selon la reven-   s dication I dans lequel ledit
m6canisme de disque et de broche comporte en outre: une premiere partie de
broche, rotative (23, 80, 132,403), avec des moyens pour monter ledit
disque rigide (22, 116, 402), sur ladite pre-  io mibre partie de broche-;
une seconds partle de broche, fixe (81, 137,410,412), avecdes moyens 82)
pourmontbr ladite seconde partle de broche sur ladite oncein- to d'unit6 de
disque (10, 114, 410a, 412a);  15 une premiere surface de pallor (40, 135,
407, 408) formee dans ladite premiere partie de broche, ladito premiere
surface de pallor pr6sen- tant un premier contour conique ; et une seconde
surface de pallor (42, 136,  20 414, 416) formee dans ladito seconde partie
de broche, ladite seconde surface de pallor pr6sen- tant un second contour
conique qui est compi6- mentaire dudit premier contour conique; lesdites
premiere et seconde parties de   25 broche etant coupl6es en vue d'une
rotation de laditb premibre partbo de broche sur une interface de pallor de
broche sur laquelle ladite premibre surface de pallor rencontre ladite
secondo surfa- ce de pallor.                              30 10. Montage
d'unit6 de disque humide selon la reven- dication I oomprenant en outre:
des moyens d'intorface electrique en vue d'une interconnection electrique
entre le monta-  35 ge d'unite de disque humide et un fond de panier
d'ordinateur (402) et, des moyens d6nues de suspension as in de monter
rigidement laditb enceinte d'unite de dis- que (10, 114, 432) directement
sur ledit fond de   40 panier d'ordinateur. 11. Montage d'unite dedisque
humide solon la reven- dication 7 dans lequel ladite surface de disque
delimite un plan 6quatorial etladite bague partiel-  4s lement annulaire
est positionn6e dans ledit plan equatorial (33). 12. Montage d'unite de
disque humide selon la reven- dication 2 dans lequel leditlubrifiantdo
palierest  50 un materiau liquid. de lubrification 55 10    


