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DESCRIPTION

DIRECT ACCESS STORAGE DEVICE -
HAVING COMPOUND ACTUATOR BEARING SYSTEM

FIELD OF THE INVENTION

This invention relates to direct access storage devices
(DASD's). More particularly, it relates to DASD's wherein a
head is moved with respect to a data storage medium. More
specifically, it relates to bearing systems for an actuator on
which the head is mounted.

BACKGROUND ART

In rigid mégnetic disk files, high recording demsity, high
access speed, and small size are required. Areal density,
which is the product of linear density and track density, has
been increasing by more than a factor of ten times every ten
years. The linear density or BPI {bits per inch) is
determined by the magnetic characteristics of a disk and a
head, and head-disk spacing. Typical produéf% have a linear
density of about 80kBPI. The length of each bit is less than

1 um.

However, the present practical track density or TRI {tracks
per inch) is about 6 kTPI, and the track pitch is'about_14 um.
Thus, it is important to improve the track density to achieve
high recording densi§y._

One limitation on track density results from the nature of the

bearing on which the actuator that carries the head pivots.

Conventional bearings, such as ball bearihgs, have fairly

- large coefficients of friction which must be overcome in order

for the actuator to move with respect to the magnetic
recording medium. Such frictional components are not
necessarily reproducible for every motion of the actuator and
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tend to cause disturbance and lack of predictability with
respect to the minute motions that are often required in order
to follow a track. Such friction also resuilts in unnecessary
vibration because overshoot may occur and the servo system
must compensate to follow a track. ’

Thus, to increase track demsity, it is necessary to have a
more precise bearing system. However, attempts to increase:
the precision and decrease the friction of most bearing
systems lead to the need for extremely precise machining of
components which in turn results in very high costs. 1In the
so-called low end market, for example, those disk drives used
in personal computers, such higher costs can become a
significant fraction of the cost of the DASD.

SUMMARY OF THE INVENTION

it is a principal object of the invention to provide a bearing
system for the actuator of a direct access storage device
which when used in a servo loop produces precise positioning.

It is another object of the invention to provide a bearing
which has very low friction for purposes qf"track following.
It is still another object of the invention to produce a
bearing system for a DASD which is low in cost.

. -
In accordance with the invention, in a direct access storage
device having a head for interaction with a storage medium and
a moving actuator on which the head is mounted, the
improvement comprises“a compound bearing system for the
actuator, said bearing system including a first bearing of low
ﬁriction for small movements of the actuator; and a second
bearing of higher friction for coarse movements of the

.actuator. The storage medium is preferably a rotating

magnetic disk having a series of concentric circular tracks. A
servo system drives the actuator so that the head follows a
selected track with motion of the first bearing, and movement
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of the head to a new track causes motion of the second
bearing. Preferably the first bearing is a flex bearing and
the second bearing is a ball bearing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic representation of a conventional rotary
actuator based disk drive.

Fig. 2 is an enlarged somewhat schematic plan view of a first
embodiment of an actuator bearing in accordance with the
invention.

Fig. 3 is a somewhat schematic cross-sectional view of the
embodiment of Fig. 2.

Fig. 4 is a somewhat schematic cross-sectional view of a
second embodiment of a bearing in accordance with the
invention and associated coniponents.

Fig. 5 is a schematic cross-sectional view of the application
of the invention to a first embodiment of a Finear actuator

-

system.

Fig. 6 is a schematic cross-sectional view of the application
of the invention to a second embodiment of a linqg; actuator
system. v

Fig. 7 is an enlarged view of a portion of the embodiment
illustrated in Fig. 6/

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Fig. 1, a disk 10 is mounted on a spindle 12
which is rotated by a motor 14. An actuator arm 16 pivotally

e e—

eet Has Been Replaced

" TR



¥ 994 008

mounted on a bearing 18 has mounted at its end, a head 20
which magnetically interacts with-the disk 10 for purposes of
storing and retrieving information thereon. The radial
position of head 20 with respect to disk 10 is controlled by a
voice coil motor 22 which causes actuator’ 16 to pivot about
bearing 18. As is well known in the art, some of the
information stored on disk 10 may be position information
which, when acquired by head 20 is useful in identifying the
position of head 20 with respect to disk 10. More
specifically, the position information which is picked up by
head 20 from disk 10 is transmitted to a controller 24 which
in turn suppliés a signal to a driver 26. Driver 26 then
supplies drive current to the coil of VCM 22. The controller
has an input fér receiving reference information which may
include the track on disk 10 over which the head is to be
positioned. The information received from head 20 is compared
to that information in controller 24 and the output of
controller 24 supplied to driver 26 is changed so that driver
26 supplies an appropriate output to VCM 22 to position the
head as regquired.

In acc¢essing a new track, as described above, there is
generally a relatively large radial motion of actuator 16 with
respect to disk 10. This is the so-calléd track-seek mode.
Once the head has substantially reached the desired target
track the controller switches into a so-called track following
mode in which smaller displacements are requirec!.\N
Fig. 2 and Fig. 3 illustrate a bearing 28 made in accordance
with the present invention. Ring 30 serves as an outer
bearing housing for two ball bearing assemblies (including
balls 32A in an upper ball bearing assembly and balls 32B in a
‘lower ball bearing assembly), inner bearing rings 33A, 33B
aff;xed to shaft 19 and outer bearing ring 35a, 35B affixed to
ring 30, thus permitting rotational movement about shaft 19.
Ring 30, while serving as the outer ring for the ball bearing
assembly, also serves as the inner ring of a flex-bearing
assembly including an outer ring 34 and a plurality of flex



VO 994 008

«

members 36A,363. It is important that flex-members 36A,36B be
configured to allow flexure only in the circumferential
direction represented by arrow A (Fig.2). The stiffness
should be very high in other directions. Thus, flex members
36A,36B are rigid in directions perpendicular to the direction
which permits circumferential flexure. '

For small displacements, such as those commonly occurring in
the track following mode, slight deflection or deformation of
flexures 36A,36B occur, in the order of some fraction of a
track width, and there is no motion of ring 30 with respect to
shaft 19. The inherent friction of the ball bearing assembly
is not overcome by the forces produced by this limited
deflection or flexure of the flex members 36A, 36B. However,
if controller 24 is commanded to move the head to a new track
and a relatively large deflection of flex members 36A, 36B
occurs, the forces are sufficient to overcome the friction of
the bearing assembly and ring 30 will rotate with respect to
shaft 19‘thus providing for large scale movements.

In order to increase the life of the flex members 36A, 36B of
the flexure bearing assembly, outer ring 34 may be fitted with
two protrusions 40 and 41 which extend radidlly inward toward
shaft 19 for a distance insufficient to éﬁgage inner ring—30
of the flex-bearing assembly. A member 42 extends outward
from inner ring 30 toward outer ring 34 by a distance
insufficient to contact outer ring 34 but‘sufficigpt to engage
members 40 and 41. Member 42 is positioned betweén members 40
and 41. The combination of members 40, 41 and 42 act as a
motion limiter which limits the total amount of possible
flexure of flex members 36A, 36B before further rotation
requires that the ball bearing assembly come into play and

-innexr ring 30 must rotate with respect to shaft 19. Thus,

even if there are unexpected increases in' the friction
associated with the ball -bearing assembly, there will not be
excessive deflections of the flex members and their life will
not be unduly limited due to-fatigue failure.
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After relatively large displacement to a new track has
occurred it is possible that there may be some transient
oscillatory motion of the actuator ﬁith respect to shaft 19
which causes flex members 36A, 36B to flex in an oscillatory
motion to follow actuator 16. Thus, if it is found necessary
a dampening material 44 such as a commercially available
visco-elastic polymer bonded on one side to outer ring 34 and
on the other side to inner ring 30 may be included in the
assembly. This material will quickly dampen out such
vibrations thus permitting quick settle-out on the target
track and also preventing degradation of the life of flex
members 36A, 36B. '

It will be recognized that bearings other than those
specifically described above may be used. For example, one of
the bearings may be a simple journal bearing as described
below with reference to Fig. 4 for coarse motion. For fine

" motion an air bearing design may be used as described below
with respect to a'linear actuator. What is important is thaé
the bearing permitting coarse motion be of a relatively low
cost design with a considerable amount of friction while the
bearing permitting fine motion must be of low friction.
However, the low friction bearing may be a ¥Fex bearing, as
described above, which provides some bias toward a center—
position or, if it is an air bearing, provides no bias at all.
However, the friction in the bearing used for coarse
positioning should not be excessive and further,\i} is
preferable that in prder to conserve power in the servo, there
be no bias forces associated with the coarse bearing. i

It should also be néted, that while the coarse bearing is
shown as the inner bearing and the fine position bearing is
shown as the outer bearing, there is no reason why the

- relative positions cannot be reversed so ‘that the bearing used
for coarse positioning is the outer bearing and the bearing
used for fine positioning is the inner bearing. In these
embodiments in which rotary actuators are used, the bearings
are concentr%cally located.
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Referring to Fig. 4 a bearing system 40 using a journal
bearing and a flex bearing is illustrated. A bushing 42 is
mounted for rotation about fixed shaft 29. Shaft 29 differs
from shaft 28 in that it has a reduced diameter portion 43.
Provision of reduced diameter portion 43 permits reduced
precision of a portion of the length of shaft 29 and bushing
42.

A portion of the flat annular surface 44 of bushing 42
slidably engages a shoulder 46 formed on shaft 29. A portion
of the top annular surface 48 of bushing 42 slidably engages a
bottom surface 50 of an annular retaining ring 52 which is
fixedly mounted on shaft 29. Thus, bushing 42 is retained
between shoulder 46 of shaft 29 and lower surface 50 of

retaining ring 52.

It will be understood that the clearance between the inner
surface of bushing 46 and the outer surfaces of shaft 2% which
come in contact with these inner surfaces is critical. The
fit must be close and free of excessive motion but cannot be
so tight as to introduce excessive friction into the journal
bearing that is created.

In a manner analogous to that described with respect to Fig. 2
and Fig. 3 a plurality of flex members 36A and 36B connect
bushing 42 to an outer ring 54 that serves as a housing for
the flex bearing component of the bearing system_i?. The
operation of bearing system 40 of Fig. 4 is similar to that of
the operation of the bearing 28 of Fig. 2 and Fig. 3 in that
fine motion is achieved by deformation or flexure of the flex
members while coarse motions are accommodated by the journal
bearing, resulting in the rotation of bushing 42 with respect
to shaft 29.

Referring to Fig. 5, a direct access storage device having a
linear actuator is illustrated. Two disks 10A and 10B are
mounted to a spindle 14A which rotates with respect to a base
60. An actuator arm 62 is mounted to a carriage 64 by two
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flex members 66A and 66B as more fully explained below. Arm
62 has upper extension 62A, middle extension 62B and a lower
extension 62C. A head suspension assembly 68A is fixedly
attached to upper extension Gzé.while head suspension
assemblies 68B and 68C are fixedly attached to extension 62B.
A head suspension assembly 68D is fixedly attached to lower
extension 62C. Heads 20A, 20B, 20C, and 20D are mounted on
head suspensions assemblies 68A, 68B, 68C and 68D
respectively.

Arm 62 is driven radially with respect to the disks 10A and
10B by a voice coil motor including coil 22A and magnet 70.

Carriage 64 has affixed thereto axles 72 and 74. Each axle
has mounted thereto, with a ball bearing assembly, a wheel 76
and 78 respectively which rides along a rail 80. It will be
understood that there generally are at least two rails and at
least two wheels on each axel with one wheel of each axel on
each rail. For simplicity only one rail is shown.

Current in coil 22A causes arm 62 to move from left to right
or right to left in Fig. 5 resulting in motion of the heads
20a, 208B, and 20C and 20D over their respectiwve disks in the
radial direction. In order to increase the life of flexure
menbers 66A and 66B, carriage 64 has vertical extensions 82A
and 82B which extend in a vertical direction sufficiently to
be contacted by extension portions 84A and 84B rqsgectively of
arm 62 after a pre-determined amount of motion of arm 62 with
respect to carriage 64. This preventé excessive flexiné of
flexure members 66A and 66B and thereby increases their life.
A dampening material 44 similar to that used in Fig. 2 may
alsc be included for the reasons set for above.

Thus, in a manner exactly analogous tc that described above
for the case of a rotary actuator system, the invention can be
" implemented in a linear actuator system.
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Fig. 6 (and the enlarged portion of Fig. 6 illustrated in Fig.
7) is similar to Fig. 5 except that an air bearing has been
substituted for the flexure bearing of Fig. 5. More
specifically, arm 62 is mounted on a horizontal member 90. -
Further, carriage 64A includes two vertical walls 92A and 92B
which have extending therefrom rods 94A and 94B respectivély.
These rods are part of an air bearing system including bearihng
sleeves 96A and 96B respectively. Sleeves 96A and 96B each
have a multitude of small openings through which air from an
air source {(not shown) is forced. As a result, a frictionless
and bias free bearing system between arm 62A and carriage 642
ié created. Carriage 64A has extending therefrom motion
limiter stops 98A and 98B respectively. Upon sufficient
motion of arm 628, the left end of sleeve 96A contacts
extension 98A (motion to the left in Fig. 6) or the right end
~of sleeve 96B contacts extension 98B (motion to the right in

Fig. 6).

Thus, in the track seek mode there is coarse motion of arm 62A
which causes carriage 64A to move on wheel 76 and 78 along
track 80. However, when in the track following mode, carriage
64 is stationery and arm 62A moves with respect to carriage

64A on the air bearings. 3
It will be understood that while two air bearings have been
illustrated, in practice at least three should be used and it
is preferred that four be used, as is the case Wlth respect to
the wheel and rall system described above. v

It will be understood by one skilled in the art that the flex
members may be configured in any one of a number of shapes and
.+ the precise number may be varied to suit particular design
constraints. The exact configuration and number are not
believed to be critical to the invention."

The present invention while illustrated with respect to
embodiments having a fixed shaft may also be applied to
designs using a rotating shaft with a fixed outer housing.



Y0 994 008
- 106 -

In such designs the bearing is between the fixed housing and
the moving shaft. The principles of operation are identical
to those described above, )

A further wvariation with respect to the éresent invention is
the use of relatively low friction bearing in place of a
relatively high friction component. A controlled friction
generating component is then added to the low friction
component to generated a pre-determined and controllable
amount of friction. The friction generating component may be
of the passive type such as a pre-loaded brake shoe
configuration loaded with a fixed amount of pre-load.
Alternatively, friction may be generated in a more active
fashion by a brake shoe type device which is activated by a
force generating device such as a solenoid. The use of such
devices permits tailoring the operation of the servo system to
optimize performance for a particular design. This is
especially true in the case of the active type of force
generating device, where the performance may be changed during
operation. One skilled in the art will recognize that the
addition of such friction generatiﬁg devices will add to cost
and may not be appropriate for the very low end market.
However, for high performance or médium cost DASD's the
additional cost may not be objectionableﬁ‘ -
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CLAIMS

1. In a direct access storage device having a head for
interaction with a storage medium and a moving actuator
on which the head is mounted, the improvement comprising:

a compound bearing system for the actuator, said bearing
system including:

a first bearing of low friction for small movements of
the actuator; and

a second bearing of higher friction for coarse movements
of the actuator.

2, The direct access storage device of claim 1 further
comprising:
:
a servo positioning system for receiving position data
from said storage medium and for providing an output to
position said actuator.

-

3. The direct access storage device of ‘Glaim 2 having a~
single actuator.

4. The direct access storage device of gny one 35 claims 1
to 3 wherein the storage medium is a rotating magnetic
disk having a series of concentric circular tracks and
said servo system drives said actuator so that said head
follows a selected track with motion of said first
bearing,'and movement of the head to a new track causes
motion of said second bearing.

5. The direct access storage device of any one of the

preceding claims wherein said first bearing is a flex
bearing, and said second bearing is a ball bearing.

) 0 ORI
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The direct access storage device of any one of claims 1
to 4 wherein said first bearing is an air bearing, and
said second bearing is a journal bearing.

The direct access storage device of claim 1 wherein said
storage medium is a rotating disk and said actuator is a
rotary actuator or a linear actuator which causes said
head to move radially with respect to said disk.

The direct access storage device of any one of the
preceding claims further comprising:

motion limiting means for limiting the motion of said
first bearing, to thus cause motion of said second
bearing to occur when a limit of motion established by
said motion limiting means is exceeded. '

The direct access storage device of any one of the
preceding claims further comprising a vibration damping
means for d%mping vibratory motion of the actuator.

The direct access storage device of any one of the
preceding claims wherein said storage fiedium includes a
plurality of data tracks and said t -
bearings are designed to permit motion in a direction
which permits the head to move over said storage medium
to interact with any selected track but to qustrain

motion in directions perpendicular to said direction,

The direct access storage device of any one of the
preceding claims further comprising means for introducing
additional friction against motion of said second
bearing. '

In a direct access storage device having a head for
interaction with a storage medium, said medium having
information stored in tracks thereon, an actuator on
which said head is mounted, and a single servo system for

A
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receiving position data from said storage medium and for
providing a signal to position said actuator, the method
of: '

providing a complex bearing system for said actuator said
bearing system having:

a first'bearing of low friction for fine movements of the
actuator; and

a second bearing of higher friction for coarse movement
of said actuator.

The method of claim 12 wherein said fine movements of
said first bearing are used for track following
operations; and wherein said coarse movements of said
second bearing are used for track seek oper&tions.

i
In a precision positioning system %equiring both coarse
and fine positioning of a member the improvement
comprising;

a complex bearing for motion of said mémber with respect
to said system, said bearing system including: -

a first bearing of low friction for fine movement of said
member; and ' '

.y
a second bearing of high friction for coarse movement of
said member.

—
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