WO 01/ 097221 PCT/ USO01/ 19051 DRIVE LEVEL FLOW FI ELD CONDI TI ONI NG TO REDUCE
FLOW FI ELD TURBULENCE 5 FIELD OF THE | NVENTI ON The present invention
rel at es twoalgamal st orage device. In particular, the preseatr/UuSonv®at i on
relates to a flow field conditioning device to reduce flow turbulence in a
flow field along the disc surface. 10 BACKGROUND OF THE | NVENTI ON Dat a
storage devices store digital information on a rotating disc. Heads are
supported relative to the surface of the rotating disc to read data from
or wite dat BRIVE hEVEISELOWIEEID CONDDITONENGIEG REBECESFEOWIFIELDOW
path or flowfield proximate to therTgRBUSENCE-e. For proximty or near
proxi mty recordi ng, head transducer elenents are carried on an air bearing
slider to formthe read/wite head. The air bearing slider is supported
relatiye to the disc surface i |y coupled to an
actuat or arm of an actuator agggﬁgy3ﬂ§¢§ﬁiﬂfgﬁﬁﬁ§?ﬁPfIom1 inthe flowfield
proxinmate to the air bearing slider or slider suspension can excite or
vibrate 20 the MRag-RRANFAIRARSLRE (CLTRL SRR deMch B pRichr, eréead or
suspensi on componénts can excite resonance node frequencies of the head.
suspensi onnessienixlgtes tocr Bow ificll doaditiodingalevisp é@mdgcmﬂ@m tarbiilsnee iora flow figlluce
of f-track ?D 1ﬁ to t?e head which can degrade read-wite operations. The
present i %ﬂsﬁaﬂj%§3es t hese and ot her problenms and offers sol utions
not pr@vi ously recogni zed nor appreciated. 25 SUMVARY OF THE | NVENTI ON The
present invention relates to a flow control device for a data storage
systemto reduce flow i ndBAKGEROENDLAF THE INVGUNEHANr ol devi ce i ncl udes

a plurality of streamine 30 flow passages to reduce turbulent flowin a
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relative to the surface of the rotating disc to read data from or write data to the disc. Rotation

15  of the disc creates an air flow path or flow-field proximate to the disc surface. For proximity
or near proximity recording, head transducer elements are carried on an air bearing slider to
form the read/write head. The air bearing slider is supported relative to the disc surface by a
suspension assembly coupled to an actuator arm of an actuator assembly. Turbulent air flow
in the flow-field proximate to the air bearing slider or slider suspension can excite or vibrate

20 the head and suspension components. Vibration of the head or suspension components can
excite resonance mode frequencies of the head suspension assembly increasing head-disc
spacing modulations or introduce off-track motion to the head which can degrade read-write
operations. The present invention addresses these and other problems and offers solutions
not previously recognized nor appreciated.

25

SUMMARY OF THE INVENTION

The present invention relates to a flow control device for a data storage system to
reduce flow induced vibration. The flow control device includes a plurality of streamline
30 flow passages to reduce turbulent flow in a flow field along the disc surface. These and

various other features as well as advantages which characterize the present invention will be



WO 01/ 097221 PCT/ US01/ 19051 apparent upon reading the foll ow ng detail ed
description and review of the associated draw ngs. BRI EF DESCRI PTI ON OF
THE DRAWWGS1/0%72B1 G 1 is a perspective illustration of aPdatEostwsage
systemincluding a flow control or conditioning device. FIG 2-1 is an

el evational view of an enbodi ment of a flow gate structure of a flow
control device. 10 FIG 2-2 is a cross-sectional view of the enbodi nent of
the flow gate structure of FIG 2-1 taken along line 2-2-2-2 of FIG 2-1.
FIG 3-1 isppareparpdpecidivethilfbllsiingdealledlesaripitoroadi rewietv dffthaaskbainvedat e
structure of a flow control device. FIG 3-2 is an elevational view of the
enbodi mentdr®¥INgsf | ow gate structure of a flow 15 control device as
illustrated in FIG 3-1. FIG 3-3 is a cross-sectional view of the

enbodi ment of the flow gate structure of FIG 3-2 taken along line 3-3-3-3
of FIG 3-2. FIG 4 is aBRIEFBESEGRIPTION GF THHD®DRAWINGS a flow gate
structure of a flow control device. 20 FIG 5 is an illustration of an
enbodi frent of a flow control. or conditioning assenbly _including an infl ow

gate and an outiflGeliyapespestivailisteionefa st stomgesystim inciudings Aavygeopiol or

illustrati hodi nent of a flow control device including a
plurality CgﬁdﬁF%@gggg;seg'ges for redirecting flow FIG 6-2 is a schematic

il lustration ofFIGh2-Ifis awepasis@agbsicof oftahenfbodisnen of & dowdewd siacafre o2& f1I6BWG
6-1. FIG7-1 is a schematic illustration of operation of the flow control
devi ce of ppfegl degice 6.2 to direct flow generally inwardly away from a head
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FIG. 2-1 taken along line 2-2-2-2 of FIG. 2-1.
FIG. 3-1 is a perspective illustration of an embodiment of a flow gate structure of a
flow control device.
FIG. 3-2 is an elevational view of the embodiment of a flow gate structure of a flow
15  control device as illustrated in FIG. 3-1.
FIG. 3-3 is a cross-sectional view of the embodiment of the flow gate structure of
FIG. 3-2 taken along line 3-3-3-3 of FIG. 3-2.
FIG. 4 is an illustration of an embodiment of a flow gate structure of a flow control
device.
20 FIG. 5 is an illustration of an embodiment of a flow control or conditioning assembly
including an inflow gate and an outflow gate for a head assembly.
FIG. 6-1 is a schematic illustration of an embodiment of a flow control device
including a plurality of flow passages for redirecting flow.
FIG. 6-2 is a schematic illustration of the flow passages of the flow control device of
25 FIG. 6-1.
FIG 7-1 is a schematic illustration of operation of the flow control device of FIGS. 6-
1-6-2 to direct flow generally inwardly away from a head suspension assembly.
FIG. 7-2 is a schematic illustration of operation of the flow control device of FIGS. 6-

1 - 6-2 to direct flow generally outwardly away from the head suspension assembly.



1 - 6-2to direct flow generally outwardly away fromthe head suspension
assenbly. 2 WO 01/097221 PCT/US01/ 19051 FIG 8 is a schematic illustration
of a fl owommwenbkl assenbly for controlling flow in a fl owpPCiraisd/pmosxi nat e

to discs in a disc stack assenbly. FIG 9 is a schematic illustration of an
enbodi mrent of a flow control device supported in a gap between adjacent
discs in a disc stack. 5 FIG 10 is a schematic illustration of an

embodi ment of. a flow control device supported in a gap between adjacent
discs in a di s&Flet ditka scheBatid illussateonsfladin Cantiol hsssbt foo nomsfolbmg Bewaila nent

of a flow -onL [ | devi ort.ed | bet ween adj acent discs in a
di sc stac {-%81’5%%63 8 gﬁ’eﬁ:‘ﬁ’is?/%taqﬁ"fsﬁ%f’aﬁg tion of a flow control
assenbl y for aplseis abkmadOiliasiui dF%n GhibeuiFh&k 814 sl doalbRddvices Paced

fl ow passages forned between fins. FIG.13 is a schematic el evational view

of the enisupparisdtin @fgane‘;.wemadJammSgsen apEsGredaT] ON OF | LLUSTRATI VE

100 i ndl udi ng. 410p1 hifithetitli MBS AR onf b odBbulbReRRE oLt cre

digital lrsﬁppmau@agaﬁ\ba%ena@a@aﬁbmscsm&ahwwts a plurality of heads 108
relative to surfaces of discs 104 to read information fromor wite

i nformation toifel hlwhqma]nc Higeirationod pa eabedimsn{ of @fow sentieldsviges pi ndl e
driver 10% @J&g%ag&g% E‘ée(rfl%lh %vaé{%&h tg&t ates discs 104 about a

spi ndl e axi rea SEOWr It e Oper ations. Rotation of discs 104

creates an air HIGow ﬁtarpzmpeoﬁve‘1ﬂlamaftioﬁlodaalomnthaséemblysfbfsﬁa@e stask
il lustrated b arrows 112 in FI G This air flow streamor flow field can
be t urlBul épgludipg gicurmferenial qaﬂl@“ﬁé@%f@é@@&ﬁp%@@ﬂﬂﬂéh%& 8rbly 106

i ncl udes a heagydqg 1§HB&%&ﬁaﬁ 8@(’? Ronal §W d£4H erEP ﬁl@ﬁflég"lﬂ?g?f”b' y 114

coupled to an actuator arm an actuator Act uat or bl ock
118 is powered by a voice coil notor 119 to nove the head assenbly 106 for

can vibrate or exOlbANHEB IR BIDR SR RS roubs ASTBBIRBR Ko 10s

Excitation of t he head and
15 FIG. 1 illustrates an embodiment of a data storage device 100 including a spindle

assembly 102 supporting discs 104 adapted to store digital information. A head assembly

106 supports a plurality of heads 108 relative to surfaces of discs 104 to read information

from or write information to the discs 104. The spindle assembly 102 includes a spindle

driver 108 (illustrated schematically) which rotates discs 104 about a spindle axis 110 for
20  read or write operations.

Rotation of discs 104 creates an air flow stream or flow field along the disc surface as
illustrated by arrows 112 in FIG. 1. This air flow stream or flow field can be turbulent
proximate to the head assembly 106. Head assembly 106 includes a head 108 supported by a
resilient suspension assembly 114 coupled to an actuator arm 116 of an actuator block 118.

25  Actuator block 118 is powered by a voice coil motor 119 to move the head assembly 106 for
read/write operations. Turbulent flow proximate to the head assembly 106 can vibrate or
excite the suspension components, actnator arm or head 108. Excitation of the head and
suspension components can introduce resonance mode vibration increasing off-track

movement of the heads and head disc spacing modulation.



suspensi on conponents can introduce resonance node vibration increasing
off-track novenent of the heads and head di sc spaci ng nodul ation. 3 WO
01/ 09722IwWB@THVI01/ 19051 The present invention rel ates toPaTfusowdosel d
control or conditioning device illustrated schematically by block 120 in
FIG 1 to reduce flow field turbulence. In particular, the present

I nvention relates to a flow control device 120 that reduces | arge scale
vortices inthe flowfield to reduce the anplitude of the flow i nduced
vi bration of t Hdelpsesgntindersionpelatss tha ﬂowd'rql;d)mrtmé or ¢onditidnieg deviesdllustrated
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path or fﬂr@éhﬁm%rﬂloﬁrrélétem gflb® dohﬁolchewceaaoftmeeduEbselaﬁgers@@mvbﬂﬁ:eﬁ krOtive
passages 122 have a constant cross-sectional area or dinension to provide

a strean iflosv B@l%ﬁg@%&%ﬁﬂ@h@%ﬁ dheaflow anghiced vibeatiopfof thy kasd endsuspemsiorence
and pr8v! d5pofBie LAMARA SR EdeRIET igndd SHERAS N A mROnSA! s {0
reduce exclrtatron or VI d suspensi on

anot her erﬁhﬂdlmymﬁstreatrﬂlme‘ ﬂlcwwpmsg@ges The tfloe ddvive 120 mdsdppomcngl tﬂeﬂbwq)aﬁan
be formed tq direct fIOM/%eneraIIy | nwardly or _outwardly §¥ fromthe
suspensi ot 1enRIA erximats tofhe disrsugfase  Hiseireamlinstloy. PPS%ES Dhavelayst r at e
one enbodi Re [

suppor t ad TEiprtaro shiar QB bbb baOIE Mafidopl B ARGt |

gat e 124- lengsh ftherawé b ﬂflodih Itmhelymmﬁdqiras\udé mmréLBnﬁnﬁar[ﬂtm field ;aloothe t he di sc
surface 126. The honeyconb structure 130 forns th g Hrallt of stream i ne
f1ow pdssaleension cqmp o gedycg FEFIRHEN OF BbEatioB A ithiga PBH°%l ong a
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in FIG 2-2, the streaniine flow passages 12 -1 include an in 20 132-1
and an outhedorni@4o tiregtetood génevatlyt ihwardhy et ouk@2rdly awaly framethe susprstiant
cross-sectional  di neﬁ]:tli o(ge bet ween the inlet 132-1 and outlet 134-1.

Tur bul ent PPBRAFIY FoPHHRe f@b rows 136 flows into the inlet 132-1 along
the flow passagggsl?? aiad@tudlnu%trﬂb%ﬁ@éﬁgs&ﬁeh%@ﬂ%\b%m&%v&e inditidee gnt - air

whi ch passes through the flow p assa?es 122-1 is discharged as nore
15  flow gate 124-1 supported in the flow field proximate to a disc surface 126. As shown, flow

gate 124-1 is formed of a honeycomb structure 130 supported above the disc surface 126.
The honeycomb structure 130 forms the plurality of streamline flow passages 122-1 having a
constant cross-sectional dimension along a length thereof to provide a more laminar flow in
the flow field. As shown in FIG. 2-2, the streamline flow passages 122-1 include an inlet
20 132-1 and an outlet 134-1 spaced from the inlet 132-1 and have a constant cross-sectional
dimension between the inlet 132-1 and outlet 134-1. Turbulent flow illustrated by arrows
136 flows into the inlet 132-1 along the flow passages 122-1 and is discharged from outlet
134-1.
Turbulent air which passes through the flow passages 122-1 is discharged as more
25  laminar flow as illustrated by arrows 138 to reduce turbulence in the flow field to reduce
flow induced vibration of the head and suspension components. The flow controller also
reduces pressure and velocity acting on thé suspension components and the head. A
thickness 139 of the flow gate 124-1 defines a length of the flow passages 122-1 between
inlet 132 and outlet 134. The thickness is designed to provide a flow passage length which



25 lamnar flow as illustrated by arrows 138 to reduce turbul ence in the
flowfield to reduce flow induced vibration of the head and suspension
conponentwo oTlog7261 ow control l er al so reduces pressure an@CraiSovi4y1 acti ng
on t he suspension conmponents and the head. A thickness 139 of the flow
gate 124-1 defines a length of the flow passages 122-1 between inlet 132
and outlet 134. The thickness is designed to provide a flow passage |ength
which 4 WO 01/097221 PCT/ US01/19051 reduces turbulence in the flowfield
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As shown tthespgihdielris¢rrl®8t ure 140 similarly includes a plurality of flow
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not limted to the particular enmbodi nents shown. particular,”in the
enbodi mentpasdapest22al baving arrin®t 1320, andmaitle! 134-2) asallestratedtin 3G 333 teogemdition

including three rows, of.flo tes 122-2.and in FIGS.,  3-2-3-3. four rows of
ow gat adlors® isties o indured TBEoR A DieSisnry defsiheric AlERHY By epefobfifs
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portion of block structure 140 includes a plurality of interfacing tips
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drag. In are sHowel Réweves dppttattntis hbd litfitédioety iplrtichfar ndmbéd cipagagerd?d-I3 i s
formed of an_ arr urality of tubes 142. wn, the plurality of

tubes 142 th%ﬂhlﬁfaatga/ agrh@(?iﬂgglnb putes ppgighiof hlock ﬁwztbr&?ligégﬁq@z-@lm Rf an
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force area upon which shear force acts to reduce drag.

In an alternate embodiment illustrated in FIG. 4, flow gate 124-3 is formed of an
array or a plurality of tubes 142. As shown, the plurality of tubes 142 form a plurality of
streamline flow passage 122-3 having an inlet 132-3 and 134-3 to condition air flow in the

20 flow field as previously described for the alternate embodiments.

Flow turbulence in the flow field increases proximate to the head assembly 106 as
flow is constricted along the path of the head assembly 106. Turbulent flow along the head
assembly 106 increases excitation or vibration of the suspension and head components.
Thus, as illustrated in FIG. 5, flow gates as previously described can be positioned in the

25 flow field to reduce flow turbulence upstream of the flow path to the head assembly 106 to
limit excitation of the head assembly 106 (and non repeatable runout “NRRO”) and
downstream of the head assembly 106 to smooth flow turbulence of flow constricted by the
head assembly 106.



flowis constricted along the path of the head assenbly 106. Turbul ent flow
al ong the head assenbly 106 increases excitation or vibration of the
suspensi owoan@9tzend conponents. Thus, as illustrated in PC&USBI/1906DW gat es
as previously described can be positioned in the 25 flow field to reduce

fl ow turbul ence upstreamof the flow path to the head assenbly 106 to

limt excitation of the head assenbly 106 (and non repeatabl e runout

"NRRO') and downstream of the head assenbly 106 to snooth flow turbul ence
of flow const riAstsbdwhyin FE@. 5,dast inflswrgateyl 4606 postimedapstogne ofithe head and
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head assemitflowlBfe 193 GOBektEd @rwiidu@um oF eitstidatl atRehbly 1@x®I doaditioy floke head
assenbly 106. As shown in FIG 5, inflow and outflow gates 146, 148 are

suppor t ed cpestretpd ar exsitgd by hgskgad agssmbdy 19te disc drive (illustrated
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152, 154 of the %i sc 104 to read data f%e%\%gr ]\;vrite data to tracks on the
di sc 184, shpporicd reladvesiogbeirhassis 1oQ fomave Phbetseyan ReRROsAS angd £8
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ext ends %h%gﬂ??%(dfs?gﬁgn AFIRUH & latﬁ’ée"tﬁgheﬁlgggla{nﬁfb%té? dﬁ:ﬁéﬁ@rs%@,dlsﬁgﬁf?g@ y

106 to provid control Tor t s pivotally supporte
bet ween i niiserl 0dnalreadtdata foos iok woite data shivauks ion tlkd disc B04. dnrthelomeeribagiimemduced
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in FIG 5. Although a particular, orientation is illustratéd tor inflow

and ousf | datwrshdmet 464 outéBposiipgl asshowoin FEG.rfoto reduetiloov indueadyvipration.cul ar
orientati %th%];lgﬁ EFG 5 illustrates a particular inflow gate 146 and outflow gate 148, application of
the present invention is not limited to the particular arrangement of inflow gate 146 and
outflow gate 148 shown in FIG. 5. Although a particular, orientation is illustrated for inflow
and outflow gates 146, 148, application is not limited to any particular orientation of the
20 inflow and outflow gates 146, 148 or any particular width therefor.
In alternate embodiments, the flow conditioning device provides flow directioning or
flow direction control. In one embodiment illustrated in FIGS. 6-1-6-2, flow device includes
a flow gate 124-4 which includes a plurality of flow directing passages 122-4, Passages 122-
4 have a constant cross-sectional area or dimension and are angled or curved between inlet
25 132-4 and outlet 134-4 to control or shift the direction of flow as illustrated by arrows 158
through passages 122-4. As illustrated in FIG. 7-1, flow gate 124-4 can be positioned
upstream of the head and suspension assembly 106 to direct flow generally inwardly toward
the inner diameter 152 of disc 104 away from the suspension assembly to limit interference

with the suspension components to reduce flow induced vibration. In an alternate



20 inflow and outflow gates 146, 148 or any particular width therefor. In
al ternate enbodi nents, the flow conditioning device provides flow

di recti orwog1o9722f | ow di rection control. In one enbodi nentCirfusosigoat ed i n
FIGS. 6-1-6-2, flow device includes a flow gate 124-4 which includes a
plurality of flow directing passages 122-4. Passages 122- 4 have a constant
cross-sectional area or dinension and are angled or curved between inlet 25
132-4 and outlet 134-4 to control or shift the direction of flow as
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with the su conponents to reduce nduced ‘vibration. In
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7-2, flow gate 124-5. incl udes | e rved ass irect fl.ow
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reduce flow induced vibration. 5 Application of the present invention can
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hub 160 2WRRGWA&HsdsT04 &S @ﬁdk@ﬂl oﬁh@yn6@a1&psdpdﬂafedsﬁa§phcel§26tytoafoﬁﬁarp1m15t 164
(illustrated scherratlcally). As shown, discs 104 are stacked on hub 160
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device to support the stacked flow gates 174 in gaps 168 between the discs 104. The flow
control assembly 170 is merged with the disc stack prior to assembly of the disc stack
relative to chassis 150 of the disc drive. In the embodiment shown, control block 172
includes a first end 176 which secured to a chassis base 178 of the disc drive (illustrated
20 diagrammatically) and a second end 180 secured relative to a chassis cover 182 of the disc
drive (illustrated diagrammatically) to provide flow field vibration control as described.
Flow control devices for upper and lower disc surfaces for outer discs 104-1, 104-4,
respectively, can directly coupled to the chassis cover 182 and chassis base 178.
In an embodiment illustrated in FIG. 9, honeycomb structure 130 is supported in gap
25 168 to form a flow gate or control device for lower surface of disc 104-1 and upper surface of
disc 104-2. In the embodiment of FIG. 10, flow gate 124-6 includes a plurality of tubes 142
supported on plate 184. Plate 184 is supported relative to discs 104 (for example in gap 168).
In the embodiment shown, plate 184 supports first and second flow gate portions 186-1, 186-

2 to provide a flow conditioning device for a lower surface of a first disc and an upper



control assenbly 170 is nmerged with the disc stack prior to assenbly of the
disc stack relative to chassis 150 of the disc drive. In the enbodi nent
shown, cowOrelo9bock 172 includes a first end 176 whi ch ®erarsed14061 a
chassis base 178 of the disc drive (illustrated 20 diagrammatically) and a
second end 180 secured relative to a chassis cover 182 of the disc drive
(illustrated diagranmatically) to provide flow field vibration control as
described. Flow control devices for upper and | ower disc surfaces for
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i n st ackemvide|fw amditibnéngpfoat dovtd4uffacenes adfinst diskarylean uppehsurfack ofia f¢asind t o
slow air flow and, reduces flow eper bp.the flow field thereby reducing
excitati disc ?P_r?pf’ﬁ‘éd g\.g??i‘ﬁé F%ﬁl%ﬁgﬁﬁg%?ég %ﬁ@o f"ﬁﬁ“‘ﬁ%ﬁw PEPFAERE % ﬁ‘é Sdi ment

i |1 ust r agugeliénteGh&eoy 1o prdvitR Mo 18@kRr H34-alorng Wb BLRsiad PAlhShdH parBdulad 1 ow
passages 122 forned by fins 188 su%?orted on and_ extendi ng fromplate 190.

In the Beowddvieesructirenare ifngratediodIG8pDdttapplipation ianet limierhie the patigeae
portions_192.1, 192-2 to Qyi flow conditioning for a | ower surface of
afirst gt %dlglﬁﬁtsgﬁarﬁ%%e?negtsrsﬁg‘g@ of a second disc supported in stacked
rel ation. Thermatie-1B830ustf6s desfefiatd Sow bomrdlasihagdindd. Aedbiewn it BiGhukence
energy to provide a nore |amnar flow along the flow field., Al thou

h
particul b the flopsentrel devicesextends gbe thy @rqumftrepseeicdipg Hreddusteated device

ou = evi ! :
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showns i ncifdu@ferkatiallo? the diec bétvescibwtinmdr didemeatearand thends dfmeter dfthe disc . In

circunference of a disc. The illustrated device : .
the em od{ment shown, the circumferentlﬁ ow passages 194 are formed by circumferential

radially spaced fins 196. FIG. 12 illustrates an embodiment of a circumferential flow control
device for a disc stack including discs 104-1, 104-2. As shown fins 196-1, 196-2 are
supported on a base cover 182 and chassis base 178, respectively to form flow passages for
20 upper surface of disc 104-1 and lower surface of disc 104-2. Fins 196-3, 196-4 are supported
on plate 198 to form fins for lower surface of disc 104-1 and upper surface of disc 104-2, '
respectively. Plate 198 is disc shaped similar to the magnetic recording discs 104.
Circumferential fins 196 provide streamline flow passages to "break up" large vortices to
reduce pressure imbalances on the disc surfaces reducing disc flutter for improved
25 trackability and reduce pressure and velocity fluctuations acting on suspension assemblies
and actuator arms supporting the suspension assemblies.
The present invention relates to a flow control device for a data storage system to
reduce flow induced vibration. In one embodiment the flow control device includes a flow

gate (such as 124) including a plurality of streamline flow passages (such as 122) to reduce



includes a plurality of radially spaced circunferential flow passages 194
extendi ng about a 15 circunferential of the disc between the inner dianeter

and t he owDen/ogi2anet er of the disc . In the enbodi mnent sRCEASOL/I®S1
circunferential flow passages 194 are fornmed by circunferential radially
spaced fins 196. FIG 12 illustrates an enbodi nent of a circunferential

flow control device for a disc stack including discs 104-1, 104-2. As
shown fins 196-1, 196-2 are supported on a base cover 182 and chassi s base
178, r esieuntlént dloy ine flow ficld dengths degesrficr In 8fic appedinent flaw gaef(swbhsas 104- 1

and | owe urface of disc 104-2. Fins 196- 3, 6- 4 are support on.plate
198 1o AN PRGOS upeR S s RN eSS i PSR B Be i sc
104-2,  &RpQRMN A&inbly Pipi®HR8nibddihae, tBOABR Sofirdl dedlcetifclhdid aR&IasE ot
recording discs 104. "Circunferential fins 196 provide streanm ine flow

passagesciraymfprentdd ragially spaged Jowipasseges (suchrasd9dp pressure i mbal ances on the

di sc surfaces, reducing disg flutter far inmproved Z5 tr.ackapidity and reduce
bt essure. and 161 BoeePeilsd i gl Rl GlnElel R Sllinanted ™ ng

act uat or yiols embp@iedents W thdRvEMERENATE BBertet ST ihehe foldRidy @seftidnvent i on
relates to a flow control device for a data storage systemto reduce flow

i nduced teether with detpils offthe simiciaieraad fundhien pf veriae smbedingenjs efdhe ivenldas a
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nuner ousapplieatéont wehilshbinsaiging sassvatit by e safhe fudtioosifty evithodt depattmgdtorn ke
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expressed. For exanple, the particular elenments may vary dependi ng on the
particular application while maintaining substantially the sane

funct i onawptoy/ogizehout departing fromthe scope and spiri PCofushhieopr esent
invention. In addition, although the preferred enbodinent is illustrated
for a magnetic disc drive, it will be appreciated by those skilled in the
art that the 5 teachings of the present invention can be applied to other
systens, |like optical or nagneto- optical systens, w thout departing from

t he SCOp?Vfg%‘i‘l%R':LMNﬂfDWE present invention. ,5 9 WD 01/097221
PCT/ USO1 51 WAT 16 CLAIMED IS: 1. A disc drive conprising: a chassis;

5 at | east one di sc a spindle assenbly rotationally supporting the at

| east ong di Sé({i cﬁbl ve to the chassis to forma flow field along a
surface of VISP BHE"§ sc via rotation of the at |east one disc; a
head assenbl Yaidhgdsdi ng a suspension supporting at |east one head
positionable 10 proximate to the disc surface; and a flow controller
suppofted in aﬂeastpm\dm,el d along the disc surface and including a

plurality of str.eanli ne
Fiela . CTndSEngs eyl RRRSRes B ROMTRd ihOMERIR S SRR o
a flow gate suppor te@rmuidw Galdaldngfd aifaoé of the af leasy oht disd viaxotdtion o€ dw

assenbly, or a flow gate supported 15 downstream of flow of the flow field
fromthe head assediFgstonedisge disc drive of claim 1 wherein the flow

controller in lflléﬁ.l] mRGheaMpbdifibpicgate to
condition fl ogvhg%ie%ﬁ%nﬁga aéél}s%n%{lfe gﬁaﬂﬁgﬁtﬁ]fgl%vféag?t e teo condition flow
exci t@d by the heagroasasinid the ddsc sﬁffecedlami: drive of claim 1 wherein the

g Ip:l(r:aelljl 1E?/o\(/)\/f pgt r glgcgélltrgﬁerfslugl\gvoke in the ﬁow MJ ﬂong t%g d%slcrsﬁr Ao an nl;[lclzlg 1nr gdially

plurality of streamline flow passages to reduce turbulence in the flow field.

2. The disc drive of claim 1 wherein the flow controller is one of a flow gate supported
upstream of flow of the flow field to the head assembly, or a flow gate supported

15  downstream of flow of the flow field from the head assembly.
3. The disc drive of claim 1 wherein the flow controller includes a plurality of flow
gates including an inflow gate to condition flow to the head assembly and an outflow gate to
condition flow excited by the head assembly.
4. The disc drive of claim 1 wherein the plurality of streamline flow passages include

20  circumferential radially spaced flow passages.
5. The disc drive of claim 1 wherein the flow controller includes a flow gate having one
of a honeycomb structure forming the plurality of streamline flow passages, a block structure
forming the plurality of streamline flow passages, or an array of tubes forming the plurality
of streamline flow passages.

25 6. The disc drive of claim 1 wherein the streamline flow passages are angled between an
inlet and an outlet of the flow passages to redirect the flow field.
7. The disc drive of claim 6 wherein the streamline flow passages are angled one of
inwardly toward an inner diameter of the at least one disc or outwardly toward an outer

diameter of the at least one disc.
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5. The disc drive of claim1l wherein the flow controller includes a flow
gate having one of a honeyconb structure formng the plurality of

stream i nwOfolLogr2passages, a bl ock structure form ng the pConsbi/1gsof
stream ine fl ow passages, or an array of tubes formng the plurality of
streanm ine fl ow passages. 25 6. The disc drive of claim1l wherein the
stream i ne fl ow passages are angled between an inlet and an outlet of the
fl ow passages to redirect the flow field. 7. The disc drive of claimé6
wher ei n 8he sineembinaéor;| ow passages are angled one of inwardly toward an
i nner di anet er, of t he .at | east

e o Cor ¢ Rl ofE B sfiRRa BRE shisdi Rty 95 ot ROR ROp St Sh ang |

combi nation; at | easthtaBRao tidu6e & fioRAidledloBY adusRies sl the @iss BRI txtidodfahé anal |y
coupled to a chassis and rotatable to induce a flow field along a surface

of the disc by rot dapiopestisc ped at | east one disc; and 5 a flow device

supported in it :

passaées to régﬁ é&}%o u? hﬁg%ﬂg#&%@xﬁ%’t Wllﬂaﬂﬁlﬁgﬁcﬁ urgflty?q#rsgggrrﬂtl)l naél on of
claim8 wher ein th agghgarsabtédﬂc@ﬂowtm@ar&mmmthéﬂwgmaages i nclude one of a
pl urali té rad| a paced circunferential flow passages or a fl ow ate

i ncl udi n§- t hdh 9p9mhmatl9n of claim %Wx%tmwwgaaé%nh%ﬂ%pa%&es include
combi nat 'oﬁﬁ %Plgiwﬁfgf’bfﬁmﬁ%&ehQﬁcﬁ{lfe‘?é}mal A6w pa Qe RAGSAESS Rk rditihsd to

redirect
the plurality of streamline flow passages.

10 10.  The combination of claim 8 wherein the streamline flow passages are angled to

redirect the flow field.
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