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COVPOUND ACTUATOR BEARI NG SYSTEM FI ELD OF THE | NVENTI ON Thi s invention
relates to direct access storage devices (DASD s). More particularly, it
relates to DASD s wherein a head is noved with respect to a datgO q '
medi um More specifically, it relates to beaying systens for an acﬁhator on
which the head is mounted. BACKGROUND ART In rigid magnetic disk files,
hi gh recording density, high access speed, and snall size are required.
Areal density, which is the product of linear density and track density,
has been increasing by nore than a Pdttof BT fefl i every ten years. The
linear density or BPlI (bits per inch) is determned by the magnetic
characteristics of a disk and apiepcr megsdeadraeskoeqpaei ng. Typi cal

products have a linear densiforgf casttnoSRkRRlror TBEadIfBIEYsaiy €ach bit is
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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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is about 6 kTPI, and the track pitﬁ:ﬁg}%%%mglaggm hus, it is inportant
E

to inprove the track density to ac cepor di density. One
limtation on track density result &t t he bearmggangwhi ch
the actuator that carries the head pivots.-Conventional bearings, such as
bal |l bearings, have fairly large coefficients of friction which nust be
overcone in order for the actuator to nove with respect to the nagnetic
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system must conpgpsRl@mbentfld RY 2oii&fFla 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
friction for small movements of the actuator; and a second
ﬁearing 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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Thus, fo increase track density, ave a nore precise
beari ng system However, attenpts ci sion and decrease
the friction of nost bearlng syst @us.-t4 F ced for extrenel preci se
machi ni ng of components which in turn result; in very high cost 82 93¢

so-cal led | ow end market, for exanple, those’ disk drives used in personal
conputers, such higher costs can becone a significant fraction of the cost
of the DASD. SUMVARY CF THE INVENTION It is an object of the present

i nvention to anelPfoFBt &*5Aetora fsve tardaFrareadgesior ¢hé&rprissicndrt .
Accordingly, thebenveng.i oRrdfexdbdyeshe nfixsti beotingctess fievrkegeive\ane
having a head fokrneni&iciat bearifd Nsaa BANaGLaFMRG. UM a noving actuator on
which the head is nounted, the inprovenent conprising: a conpound bearing
system for the actuator, sald beari ng systemionclusing: a first bearing of
low friction for snall anenents of the actuator and a second bearing of
hi gher friction B8 ESCE g WENGSE tuator friction of said
second bearing being sufficient so that sai d second bearlng does not - nove

during said smal gy gDVPrI%”ESsc 31‘3@' pepﬁ:%ggﬂgaélo'ncaf%:cloﬁv%roﬁgimrmysa' d

second bearing nobv uring sal d coarse novenents e Invention further
discloses in a diaFE‘éTt‘!chég%ds"ti&ka El¥frvi ce having a head for interaction
with a storage nedium said nedlunthaV|ng information stored in tracks
thereon, an actugig@l DPnsWahCénIntigddhedtbwhat neuhehatic dldnavsal va sysimm f or

receiving positi Qﬂbg&n?entrgpéﬁ'a@tﬁse&a%%am Y aoeb@hcPRAKILRG a signal
to pOSI tion sai dlggé#i?fo%r.

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
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pfovidtng a conpl ex bearing systemfor said actuator said bearing system
having: a first bearing of low friction for fine novenents of the actuator
and a second bearing of higher friction for coarse novenent of said
actuator, friction of said second bearing being sufficient so t¥aw99sadaB
second bearing does not nove during said sndlt novenents, but said second
friction is overcone and said bearing noves during said coarse novenents.
The invention further discloses in a precision positioning systemrequiring
bot h coarse and méuntedosnta Griak@n®f16a ha® nidimtblcad (REOyMEIERL head™d Si Ng: a

conpl ex bearing ffcHRhiRPe Rfa139 fhedrabes wti.btﬁ@%?.@ﬁtlé C}Eo%a.bﬁi:?d/sgsemf sai d
bearing system '@o(il‘lszd' ngy aeftlrrig‘t,i bezirl ng q:f.ol oggr? ricti ef ar Jine
movenent of sai d Nenbar T and Sy EREEI HBEATIATS OB HAFEGR" 1 r i"AFi BA Y Br coarse

novenent of sai dPYfFER ofHwadn 9@ HtitdnresRadtero dHisk 48eks icAnbrefleascPyatcess
st orage devi ce hendicegcaihemtolroR2 iwttichacauses attdntarSi®rageivediabouta
novi ng ?ﬁt uat?r e M Chs | ash@adwé St HRUAK 6G tAE fdtecgémheﬂécal dri vetfor
ot or mat i on- and FaSFRarHo SiBrel O WBK A kAL o8 EEGF eBBnaliidy PR O
head to 3 a d8yichedviRisiacaired By hapt Alehd isafyhptn Sidsgtisyingn5Band
beari ng syst em fmrsidlibovwe figheadv2oraritthofesgestate utitsdr 16ubdozatial ly only in
a rotary directigyecalis®Veferhe SeditibRAINMGmation 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
affixed to shaft 19 and outer bearing ring 357, 35B affixed to
rin§ 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



Systémincluding: a first bearing of low friction for allow ng snall
changes of the actuator position to be nmade by the el ectronechani cal drive
in said rotary direction of novenent through novenent of saidy§iggyt ggs
bearing, said first bearing conprising a flex bearing fornmed by an outer
ring,-an inner ring within the outer ring and a plurality of flex nenbers
di sposed around the inner ring and connecting the inner ring to the outer
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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.



actuator bearing in accordance with the invention. Fig. 3 is a somewhat
schemati c cross-sectional view of the enbodinent of Fig. 2. Fig. 4 is a
somewhat schematic cross-sectional view of a second enbodi nent of a bearing
i n accordance with the invention and associ ated conponents. Fig. Y9 p%4 208
schemati c cross-sectional view of the applicafion of the invention to a
first enbodinent of a linear actuator system Fig. 6 is a schematic
cross-sectional view of the application of the invention to a second

enbodi nent of a | ix#zr zelakivelysysigendisplacehehs ) aché@rtgadkvhasy of a
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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, 1t is
preferable that in order to conserve power in the servo, there
be no bias forces associated with the coarse bearing.

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.



position of head 20 with respect to disk 10 is controlled by a voice coil
not or 22 whi ch causes actuator 16 to pivot about bearing 18. As is well
known in the art, sone of the information stored on disk 10 may be position
i nformati on which, when acquired by head 20 is useful in identifyhgtheos
position of head 20 with respect to disk 10.” More specifically, the
position information which is picked up by head 20 fromdisk 10 is
transmtted to a controller 24 which in turn supplies a sighal to a driver
26. Driver 26 thenRefgptingstdrfig @uarieniring dyseenoid usfinyCGMi2Rrnghe

controller has an baptind @hdl£08ieXi Baaﬁ%ewmqquseéﬁéaatlmbmllﬁa {B\s

I nclude the track Qg ‘?érom éQ %&’%1@@ g&utthgl%quh?ﬁt 9. be bomerlhe

i nformati on receive nformatlon

are
control ler 24 and £Rem Sb@sht 2rine §het oY Wg‘f“s 2 Tedpprd é’da’t“ﬁt‘?ﬁ |P\9€Fl% 4'35
changed so that drPyvevisi@nsapptadased rizmetep moation #3ppernits/Ertigded o

position the head ppe¢iIdnl8£.a IPdr8cSHL DT BB ANgPh IdRckara29danarsdiddng
above, there is gegﬁrally a relatively large radial notion of actuator 16
with respect to disk 10. This is the so-called track-seek node.

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

i 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 bearxng system 40 The
operation of bearing system 40 of Fig. 4 is sxmllar 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



Once the head has substantially reached the desired target track the
controller switches into a so-called track follow ng node in which snaller
di spl acenents are required. Fig. 2 and Fig. 3 illustrate a bearing 28 nade
in accordance with the present invention. Ring 30 serves as an Oub&gs gog
beari ng housing for two ball bearing assenbtiges (including balls 32A in an
upper ball bearing assenbly .g#d balls 32B in a | ower ball bearing
assenbly), inner bearing rings 33A, 33B affixed to shaft 19 and outer

e 10,7109, 4, 8P et iyl bNE Q7 LML R e
bal | bearing asseﬁ%l?%sgglpglgrg%’%\fgg\fgg {%é 1“%‘?{& Ff‘ﬁ%“sgfmagﬁ eafpbga{’?"hed:
assenbl y i ncl udi n§*EPRHPeF2€ fy head FHFREnpien Aspeglor 68Rels fixgglyo4 008
menbers 36A, 36B. httashedmporoppir eRbéndiopxéammbdile 186 S6&pdresioonfigured to
al ow flexure onl 4skénBiNRsCE6E WHICESOdrd £Uké DG hOFadtRAI €8 CditRAsPyn gImW A
(Fig.2). The Stl'fknﬁggh 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.



shoul d be very high in other directions. Thus, flex nenbers 36A, 36B are
rigid in directions perpendicular to the direction which permts
circunferential flexure. For small displacenents, such as those comonly
occurring in the track follow ng node, slight deflection or defgpnasi @pgof
fl exures 36A, 36B occur, in the order of somesfsfaction of a track wi dth, and
there is no notion-of ring 30 with respect to shaft 19. The inherent
friction of the ball bearing assenbly is not overcone by the forces

roduced by this e C e he. f 3
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assenbly. A nenbesrleédesxdtandsd AB\xedpectively. 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 conflgured 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.



frominner ring 30 toward outer ring 34 by a distance insufficient to
contact outer ring 34 but sufficient to engage nenbers 40 and 41. Menber 42
i s positioned between nenbers 40 and 41. The conbi nati on of nmenbers 40, 41
and 42 act as a motion limter which linmts the total anount of ‘9)0§§i4b1)§
flexure of flex menbers 36A, 36B before fuctfgr_ rotation requires that e
bal |l bearing assenbly cone into play and inner ring 30 nust rotate with
respect to shaft 19. Thus, even if there are unexpected increases in the

friction associ at i th . the ba eari.ng assenbly, there wll not be
excessi ve defl ect?’gns\gc%td‘%%leq"%l (ka"{ﬁe rreerﬁféf‘g Hhaetrest e Eted PoRdt* b & Gndul y
linted due to fathyMeving |ghadt. TheopgduciigsApt aperatien waeyidentdeal

di spl acenent to atméwoseaddsdrdbedcthaveed it is possible that there nay be
sonme transient oscillatory notion of the actuator with respect to shaft 19

whi ch causes flexy RERELS viBAuePGR Jnl LE3pddl 80 QRCHLLALY Ynvention 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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motion to fol | ow actuator 16. Thus,if_jt is found necessary a danpeni ng

mat eri al 44—sueh-as~a-eownercially aw@g y stic pol ymer bonded
on one side ‘ “' 34 and ofl the g f?k ég EEW inner ring 30 may be
i ncl uded i n Ry RWI s mat ckly fdanmpen out yBugés oos

vi brati ons t qui ck settle-out 1dn-the target track and al so
preventlngd ; he life of flex nmenbers 36A, 36B. It will be
recogni zed that bearings other than those specifically described above may
be used. For exanple, one of the bearingsiryr esa sinple journal bearing
as described belowwith reference to Fig. 4 for coarse notion. For fine
notion an air bearing design may be used as described below with respect to
a linear actuator. What is inportant is that the bearing permtting coarse
moti on be of a rdl-ati¥imla digace Frcegessipraghtdevdceormiidar abheadafount of
friction while the begite¥@cpebmivithng &tsragaDiddiinnand abfovind @ethateti on.
However, the low frictiQp;RRaLid%dLRY i DendtntLeX thsa{,m%veﬁéne @5&99&;
above, whi ch provi des sone bias tomaré a center- position or, 1.S” an
air bearing, provides no bias at all.

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 any one of clalms 1
to 3 wherein the storage medium is a rotatlng 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



HO\;vever: the friction rn the beari posi tioning shoul d not
be excessiverh% eeftH£st MR 'ﬁiedi s priefrarabhect has gegNojjder to conserve power
|
P

in the servo, as forices awgpehgERrd Wit the coarse bearing.
It should al s*) [ Hum t whi l'e=Hre—csarse=Pearfng i s shown as the
I nner bearing [

osi tion bearing ig shown as the out eFCh2t 99§,
there is no reason why the rel ative positio"n§ cannot be reversed so that

t he bearing used for coarse positioning is the outer bearing and the
bearing used for fine positioning is the inner bearing. In these

enbodi nents in whifch rBtadirget rRasss akaragsedevicheohaanyl /S of laims 1
concentrically | ocatedto 4 wrer&fd saG8 firstRBé&FiTigNgs tan Riig. bdarirgearhdg
system 40 using a jourfgld ReebhdbeaRing fd 8XjNEHal NBedsSingl.! UStrated. A
bushing 42 is nounted for rotation about fixed shaft 29. "Shaft 29 differs

7. 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.

8. 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. '

9. 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.

10. 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,

11. 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. '

. 12. 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



fromshaft 28 in that it has a reduced diameter_g Lon 43. Provision of
reduced di aneter portion 43 perm t Sxredues ' o of a portion of the

| engt h of shiEifigSheed HagBerhRapiape | at annul ar surface 44
of bushing 42 u#:%ﬂ “u OLpee shaft 29. A portion
of the top an : . LTI slidably engages a ho

surface 50 of an annular retaining ring 52 ich is fixedly nndﬁ}ééggkoa
shaft 29. Thus, bushing 42 is retained between shoul der 46 of shaft 29 and
| ower surface 50 of retaining ring 52. It will be understood that the

cl earance between the inner surface of bushing 46 and the outer surfaces of
shaft 29 which come iFPCESRIBEPARLERR Hase FaoReratd sraERde PEItPRt 3G IE0T The
fit nmust be cl ose androrédind asdensl \te pesitdnnsaidcantwatdre She tmqiiodas to
i ntroduce excessive fgfi:ction into the journal bearing that is created. In a
manner anal ogous to that described with respect to Fi'g. 2 and Fig. 3 a

plurality of Tlex menber s sof 2udusEk BRRNGS sPUS 29r A2 aBBuOM,*5ah "

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.

"13. 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 operations.

i
14. 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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the flex bearing conponent of the bearing system 40. The operation of
bearing system40 of Fig. 4 is simlar to that of the operation of the
bearing 28 of Fig. 2 and Fig. 3 in thaff TTrHe=m: ot i eved by
deformati bn or flexure of the flex ne ot i ons are
accommodat ed by the journal bearing, rfe at i onrgfgglhugdd Ng
42 with respect to shaft 29. Referring to ¥ Tt Fret access storage
device having a linear actuator is illustrated. Two d| sks 10A and 10B are
nounted to a spindle 14A which rotates with respect to a base 60. An
actuator arm62 is nounted to a carrhage @drby d Wwo YO 994 008 fl ex
menbers 66A and 66B as nore fully explained below. Arm 62 has upper

ext ensi on 62A, mddl e extension 62B and a | ower extension 62C. A head
suspensi on assenbly 68A is fixedly attached to upper extension 62B while
head suspensi omh@serpiance gsbhdie daventiieons | iedl finect@scdst Gtoxagasi on

62B. 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
friction for small movements of the actuator; and a second
bearing of higher friction for coarse movements of the
actuator. The étorage medium is preferably a rotating
magnetic disk having a series of concentric circular tracks. A
single servo system drives the actuator so that the head
follows a selected track with motion of the first bearing, and
movement 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.

TS
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A head suspen5|on assenbly 68D is fixedly attached to | ower extension 62C
Heads 20A, 20B, 20C, and 20D are nobunted on head suspensions assenblies
68A, 68B, 68C and 68D respectively. Arm62 is driven radially with respect
to the disks 10A and 10B by a voice coil notor including coil 22A and
magnet 70. Carriage 64 has affixed thereto a%l/e§ 72 and 74. Each axle has
nounted thereto, with a ball bearing assenbly, a wheel 76 and 78

respectively which rides along a rail 80. It mﬁll be understood that there
generally are at least two rails and at |E§i wheel s on each axel with
one wheel of each axel on each rail. For Lc ty only one rail is shown.

Current in coil 22A causes arm 62 to novePHIORNAREft to right or right to
left in Fig. 5 resulting in notion of the heads 20A, 20B, and 20C and 20D
over their respective disks iz the radial djrection. In order to increase
the life of flexure menbers rri age 64 has vertical

ext ensi ons 82A and 82 : ycal direction sufficiently to
be contacted by exten |Qﬁﬂ#ﬂit B respectively of arm62 after
a pre-determ ned anp onid on i th

2~
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respect to carriage 64. This prevents excessive flexing of flexure nenbers
66A and 66B and thereby increases their life. A danpening material 44
simlar to that used in Fig. 2 may al so be included for the reasons set for
above. Thus, in a manner exactly anal ogous to that described above for the
case of a rotary actuator system the invention can be inplenmented in a

| i near actuator system YO 994 008 Fig. 6 (and the enl arged portion of
Fig. 6 illustrated in Fig. 7) is simlar to Fig. 5 except that an air
beari ng has been substituted for the flexuge earing of Fig. 5. Mire
specifically, arm62 is nounted on a horiz rﬁ | menber 90. Further,
carriage 64A includes tw vertical walls 92A and 92B whi ch have extendi ng
therefromrods 94A and 94B respectively. These rods are part of an air
bearing systemincl udi ng bearing sl eeves 96A and 96B respectively. Sleeves
96A and 96B each have a nultitude of small openings through which air from
an

FIG. 2

20 42 4
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air source (not shown) is forced. As a result, a frictionless and bias free
beari ng system between arm 62A and carriage 64A is created. Carriage 64A
has extending therefromnotion limter stops 98A and 98B respectively. Upon
sufficient notion of arm62A, 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 (notion to the right in Fig. 6). Thus, in the track seek node
there is coarse notion of arm 62A whi ch causes carriage 64A to nove on
wheel 76 and 78 along track 80. However, whep ip the track follow ng node,
carriage 64.is stationery and arm 62A noves hi't B respect .to carriage 64A on
the air bearings. It will be understood that while two air bearings have
been illustrated, in practice at |east three should be used and it is
preferred that four be used, as is the case with respect to the wheel and
rail system described above. It will be understood by one skilled in the
art that the flex nenbers may be configureﬂr' any one of a nunber of
shapes and the preci se nunber may be varie ig;s particul ar design
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constraints. The exact configuration and nunber are not believed to be

critical to the invention. The present invention while illustrated with
respect to enbodi nents having a fixed shaft may al so be applied to designs
using a rotating shaft with a fixed outer housing. YO 994 008 - 10 - In

such designs the bearing is between the fixed housing and the noving shaft.
The principles of operation are identical to those described above. A
further variation with respect to the present invention is the use of
relatively low friction bearing in place of a relatively high friction
conponent. A _controlled friction generati g/ s6onponent is then added to the
| ow friction conponent to generated a pre-determ ned and control | abl e
anount of friction. The friction generating conponent nmay be of the passive
type such as a pre-|oaded brake shoe
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configuration | oaded with a fixed amount of pre-load. Alternatively,
friction my be generated in a nore active fashion by a brake shoe type
device which is activated by a force generating device such as a sol enoi d.
The use of such devices permits tailoring the operation of the servo system
to optimze 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 wll
recogni ze that the addition of such friction generating devices will add to
cost and may not be appropriate for the very |ow end market. However, for
hi gh performance or nedi um cost DASD s5t/h® additional cost nmay not be

obj ectionabl e."’ CLAIMS 1. 1In a direct access storage device having a
head for interaction with a storage medium a noving actuator on which the
head i s nmounted, the inprovenment conprising: a conpound bearing systemfor
the actuator, said bearing system i ncl uding:
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a first bearing of low friction for small novenents of a
second bearing of higher friction for coarse novenents

friction of said second bearing being sufficient so tHhat| said second

beari ng does not nove during said small-mpvenents, but] qJai @ RRRMGIE rifctdi on
is overcone and said second bearing noves during said arse novenentg. {2.
The direct access storage device of claim1 further cdnpfisSing: a Servo
positioning systemfor receiving position data from sdi and

0
for providing an output to position said actuator. 3. The direct access
storage device of claim2 hav mg a mggl e actuator. 4. The direet access
st orage device of any one ® STORAGE |1?EY1%Estorage mediumis a
rotating magnetic di QAWFQMP%INESQ%TUM%BEWQ $¥STEM t r acks and

said servo systemdrives said actuator so that said head follows a sel ected
track w tABSTRAQT of said first bearing, and novenent of the head to a new
track causes notion of said second bearing. 5. The direct access storage
devi ce of any one of the preceding clainms wherein said first bearing is a

f1 ex bearhageordatibe SFitiithe davuntioRCRY 4 digedt Accsdstblagh avice Bavifig a hE®fdH I ect
access storage device of any one of the clainms 1 to 4 wherein said first

beari ng iisteraotion withemstorage nzaditis and asacvingladiestor ogwhichath¢ hesdnia lmdumeed, tlgs 7.
The direct access storage device of claim 1l wherein said storage mediumis
arotati mgpmvgmeambmmms acompound bearingrsystamy(28): fardhoactustora shidriwaringct uat or
whi ch Cal;)?setesmst%é) including a first bearing of low friction (34, 36A, 36B) 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 (10) having a series of concentric
circular tracks. A single servo system drives the actuator so that the head follows a selected
track with motiém of the first bearing, and movement of the head to a new track causes
motion of the skcond bearing. Preferably the first bearing is a flex bearing and the second
bearing is a ball bearing.
Fig. 3
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.any one
nmeans f
_ storage
“medi um

nove radially with respect to said disk. 8y=Ti 1
devi ce of any one of the preceding clains f@#ﬁé‘r«
or limting the notion of said f| rst beari ng
second bearing to occur when a 2limt of noti
limting.neans is exceeded. 9. The direct gcdess storage dV|
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SUMMARY OF THE INVENTION

nmeans
ri ng.
W th

-It is an object of the present invention to ameliorate one or more disadvantages of the

prior, art.

Accordingly, the invention discloses in a direct access storage device having a head for
interzction with a storage medium, a moving actuator on which the head is mounted, the
improvement comprising:  componnd bearing system for the actuator, said bearing system
including: = first bearing of low friction for small movements of the actuator; and a second
bearing of higher friction for cosrse movements of the actuator, friction of said second
bearing being sufficient so that said second bearing does not move during said small
movements, but said second friction is overcome and said second bearing moves during said
coarse movements,

The invention further discloses in a direct access storage device having a head for

interaction with a storage medium, said medium having infortnation stored in tracks thereon,
an actuator on which said head is mounted, and a servo system for 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 jow friction for fine movements of the actnator; and a second bearing of higher
friction for coarse movement of said actuator, friction of said second bearing being sufficient
so that said secand bearing does not move during said smafl movements, but said second
friction is overcome and said bearing moves during said coarse movements.

The invention further discloses in a precision positioning system requiring both coarse
and fine positioning of a member the improvement comprising: a complex bearing for
motion of said member with respect to said system, said bearing system incfuding: a first
bearing of tow friction for fine movement of said member; and a second bearing of high
friction for coarse movement of said member.

The invention further discioses in a direct access storage device having a head for
interaction with a-storage medium, a moving acmator on which the head is mounted, an
electromechanical drive for moving the actuator and a position servo system for receiving

head position information and controlling the electromechanical drive to position the head to



medrum said nedium having information stored in tracks thereon, an
act.uator on which said head is mounted, and a servo system for receiving
position data from said storage nmedi ugpand for providing a signal to
position said actuator, the method of: prow d| ng a conpl ex bearl ng system

for said t n yst em.havin a fjrst bearin | ow
friction® W%ﬁv@ﬁéﬁ% #&@Wﬁ%t & ¢ %P ﬂﬂo‘ﬂﬂghl gher

fri cti onmpyamend of the acthiatonsubstantialiyonly dca mamqrdlrd:ﬁomoﬂ moveniens aid Edaﬁﬁg
. bearing ci %&,gﬂ e during
sai d srrafsmr?pverrehé fght al ?efclgﬁdﬂfrl ct | on IS overg%ﬁg“n BPYRAOE o ng
- noves duP¥H wiade E (meWMn sai d

. fine mv&mﬁhmﬁéﬂﬁktmﬁwﬁﬁtwfc@ﬁ Kﬂ&ﬁ'bkﬂgﬁ
ri g are

need f orth ra%&ff%?*ﬁa&fi?ﬁngr@mﬁg off B P Boeal 0 e
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f or flne&’ﬁﬂ ‘%‘Wé Setugion psitionnlp de made byieaid on for
coar se nslectromethanicals drive i ¥Ridr ro dubﬁm 6ff OvémeRr ARGSgHS indvéfiéht (R sai€

v nd, i bokithe. B ol bl e R Ry “%%r”ﬂ?an'f'ﬁ%ma“t”%é” .
first bearing that said first bearing moves during small changes of the actuator position in said
rotaty direction of movement without any movement of said second bearing and said second
. bearing moves during coarse changes of the actuator position in said rotary direction of
movement, whereby large changes of the actuator position are made by the electromechanical -
drive in said rotary direction of movement under said higher friction of said second bearing
and small changes of the actuator position are made by the electromechanical drive in said
rotaty direction of movernent under said low friction of said first bearing, thereby improving
the accuracy with which said electromeghanical drive can position the actuator.
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 2 somewhat scheruatic cross-sectional view of & second embodiment of a
bearing in accordance with the invention and associated components.
Fig. 5 is a schematic cross-sectional view of the application of the invention to a first
embodiment of a linear actuator system.
Fig, 6 is a schematic cross-sectional view of the application of the invention to a second
embodiment of a linear actuator system.
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 monnted on a spindle 12 which is rotated by a motor
14. An actuator arm 16 pivotally
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-for- noving the actuator and a position servo systemfor receiving head
“ position informati on and controlling the |electronechanical drive to
position the head to a desired positiqp, the inprovement conprising: a
conpound bearing system for allow ng novenent of the actuator
substantially only in a rotary dire &ﬁéﬁﬂ§°f movenent, said bearing system
i ncluding: a first bearing of |owf n for allomﬁng snmal | changes of

t he actuator koclwamsbmmme hindinge b clisid dore triveridtion | with | lavgma@esm d

rotary dlﬁﬁgﬂ,h@ %@.@Q first sai d
first bearing co | ng a ?’Fex earing Wm’%@h& F‘ﬁﬂﬂg&n I nner
within the o@c@?m begxing ay f%fh‘tﬁﬁmtﬂfﬂa&(mwﬁmhﬂpﬁnw around t he
i nner ring amﬁsomgbnmﬁmwmrsmmmm & and al l owi ng

rotary defl ec Ln thres ect to elnner rin and *C
s %@%@Wﬁ@% Hicdntsf Hevnests ?%t?nap et e
changes opf obhtmdmmbawdbmmeldaﬂngal dr|ve
1R said rgiPeallidVehhas ﬁm d )
" bearing, fr| ct nsof sal d&'isteic;% eari ng bel ng suttrcl ent‘?@%r%gﬁgé] t han
friction @PV@A"E‘WF‘P d coarse movemens
2. Theduectamssﬁomgedevmeofclaimlmrtbercompﬂsing:

a servo positioning system for receiving position data from said storage mediom
and for providing an output to position said actuator,
3.  The direct access storage device of claim 2 having a single actuator.
4.  The direct access storage device of any one of claims { to 3 wherein the storage
medium iz 2 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 moventent 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,

6. The direct access storage device of any one of the claims 1 to 4 wherein said first

beariug is an sir bearing, and said second bearing is a journal bearing.
7. The direct access storage device of claim 1 wherein said storage medium is a
rotating disk and said actuator is & rotary actuator or a linear actuator which causes said
head to move radially with respect to said disk.
8. 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 & limit of motion established by said
motion limniting means is exceeded.
9. The direct access storage device of any one of the preceding claims further
comprising a vibration damping means for damping vibratory motion of the actuator.,
10. The direct access storage device of any one of the preceding claims wherein said
storage medjum includes a plurality of data tracks and said 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 constrain motior in directions perpendicular to
said direction.
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- beawd ng that said first bearing noves during small changes of the actuator

- position in said rotary direction of novenent w thout any novenent of said

. second bearing and said second bearing JJoves during coarse changes of the
actuator position in said rotary directiion of novenent, whereby |arge

_ changes of the_actuator position arge de by the el ectrgmechanical drive in

“-said rotar Qidi The (d0555t arcoro SorAgR deicnct 4 onen Pl Nier Droerding GiAiss forher second

_bearing andompritiig aimang dor hitradbeingatididtml frictint aginsg nRUGBASE Hiid tseond

el ectrorrecga}' al drive in said rotary direction of novenent under said | ow
sa

friction o d first bearing, thereby inproving the accuracy with which
sai d el ect A3nelharditegt acness, stogrge device thaving ahhead dou dntenactionswith hee subrapect

i rect | y e, Bl iedhm HavinglokSruitfiGh Rbisd i Gacks Wekiohl) BE deiEron hictC, OV
‘and appl i egmﬁg“’%ﬁe }‘éE?“q%Qﬂ- @gd t‘o"{"ﬁe‘YWL{% poving posmcr)TrP data 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 hearing of low friction for fine movements of the actuator; and
a second bearing of higher friction for coarse movement of said actuator, friction
of said second bearing being sufficient so that said second bearing does not move during
said small movements, but said second friction i3 overcome and said bearing moves
.during said coarse movements.
13. 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 operations.
14. In a precision positioning $ystem requiring both coatse and fine positioning of a
member the improvement compyising:
a complex bearing for motion of said member with respect to said system, said
bearing system including:
a first bearing of low friction for fine movement of said member; and
a second begring of high friction for coarse movement of said member.
15. In a direct access storage device having a head for interaction with a storage
_medium, 2 moving actuator on which the head is mounted, an electromechanical drive
for moving the actuator and a position servo system for receiving head position
information and controlling the electromechanical drive to position the head to a desired
position, the improvement comprising:
a compound bearing system for allowing movement of the actuator substantially
only in a rotary direction of movement, said bearing system including:

" a first bearing of low friction for allowing smali changes of the actuator position to
be made by the electromechanical drive in said rotaty direction of movement through
movement of said first beating, said first bearing comprising a flex bearing formed by an
outer ring, an inner ring within the outer ring and a plurality of flex members disposed
around the inner ring and connecting the inner ring to the outer ring and allowing rotary
deflection of the outer ring with respect to the imner ring; and
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“a second bearing of higher friction for allowing coarse changes of the actuator
position to be made by said electromechanical drive in said rotary direction of movement
through movement of said second bearing,

“friction of said second bearing being sufficiently greater than friction of said first
bearing that said first bearing moves during small changes of the actuator position in said
rotary direction of movement without any movement of said second bearing and said
second bearing moves during coarse changes of the actuator position in said rotary
-direction of movement,

whereby large changes of the actuator position are made by the electromechanical
drive in said rotary direction of movement under said higher friction of said second
bearing and.small changes of the actuator position are made by the electromechanical
drive in said rotary direction of movement under said low friction of said first bearing,
thereby improving the accuracy with which said electromechanical drive can position the
actuator.
16. The direct access storage device of claim 15 wherein the electromechanical drive
only indirectly applies force to the actuator via the compound bearing system and applies
no direct force to the actuator, ¢
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