WO 01/ 31648 PCT/ US99t 25421 POROUS Al R BEARI NGS FOR TAPE TRANSPORTS AND
METHOD OF FABRI CATION THERECF FIELD OF THE | NVENTI ON The present
invention is generally directed to tape transport apparatus of the type
enpl oyesvo owibus dat a storage industry. Mre particul arBGE/USI¥4¥er , t he
present invention is directed to air bearings used with such tape transport
apparatus which are operative to support a tape on a cushion of air as it
is transported through the apparatus, especially across a read/wite
transducer. BACKGROUND OF THE | NVENTI ON The advent of the infornmation age
has seen an exponential growh in the accumulation and storage of data
both for on-line usagesPOROWS AIR-BEARINGS FOIR/ IAPEpur poses. In the early days

of the computer, WA %(?%E?@@w&m%%g‘!?@m and optical storage

‘assenblies, data was tapes, such as

reel -to-reel tapes and later caJHEREQF In a magnetic tape storage device,
a magnetic coil is used as a transducer to inprint data magnetically on a
novi ng band of magnetic film thereafter, when the filmis advanced across
t he transducer, the data FELDOREREINVENTION nput into the processor.
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cal | ed t hecumidatiom arbstoiage of Hatadwtheforray-libe usaga aswell gs fontaehppabt ed. WO
01/31648 pﬁgg/séésg?r{ ﬁ%@éﬂy days of the computer, before the advent of magnetic :
" disk and optical storage assemblies, data was typically stored on magnetic

tapes, such as reel-to-reel tapes and later cassettes. In a magnetic tape -

storage device, a mégnetic coil is used as a transducer to imprint data

magnetically on a moving band of magnetic film; thereafter, when the fiim is

advanced across the transducer, the data may be read and re-input into the

processor. Magnetic tape has an advantage in that it is relatively low cost and

can be erased and rewritten many times. In addition to the medium of

magnetic tape, other tape storage media have been developed or are possible.

For example, laser written optical tapes may be employed in an effort to

increase the density of data stored on the medium.

~ Magnetic tape is still a highly desirable format for archiving data where =

the ability to rapidly access the dafa is of less significance and cost is of

concem. The accessibility of data is a function of two variables, the density of

storage and the speed at which the tape medium may be transported across

and accurately read by the transducer. Here, also, it is important that a lateral

edge of the tape be properly registered along a reference plane, called the

datum, so that the data may be accurately interpreted.



2 In any event, where a tape nediumis physically noved in a transport
direction through a tape transport apparatus, it is necessary both to
support the tape during transport and to hold a | ateral edge thereof

agai nst woo1ds48m  Contact of the tape nmediumwith t hCFAERUIMHal parts of
t he apparatus should be mnimzed, however, since physical contact between
the tape and a nechanical part can cause abrasion of the tape surface or
otherwi se damage the tape. The elimnation of contact is especially

i nportant where the tape is under #1oad at the place of contact. Such
abrasi ons or damage can violate the integrity of the data stored thereon
and can sonet i reanylevendewinsre tastapé nddiumds physically maoviedrin aTmanspoitt i s conmon
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chanbers nust be nmal pressure, typl y on the
order of through the ports thereby providing jets of air which form an air cushion to

support the tape medium as it travels across the bearing surface. While this
type of air bearing is functional, it is not without its disadvantages. First, the
manufacture of such air bearings is quite expensive since each of the bearing
surface ports is individually drilled. Thus, for example, over a surface area of
1.5 to 3.0 square inches, it is not uncommon to drill 50 to 200 individual ports
having this extremely small diameter. Not only is such drilling time consuming,
the extremely small size of the drill bits lead to breakage of the bits.
Accordingly, there is a relatively high scrap rate for the air bearings since a
broken drill bit may become lodged in a port during the drilling process.

Even where a successful air bearing is formed of this type, it has a
relatively limited openness since only approximately 0.1% of the surface is
open due to the ports. Therefore, in order to provide sufficient air cushioning
force, to resist the tension on the tape as it is transported, the plenum
chambers must be maintained at a sufficient pressure, typically on the order of



WD 01/31648 PCT/US"/ 25421 3 1.0 to 12.0 psi. Due to conpression of the
air, heat is generated which heat nust be dissipated; otherwi se there is a
risk of thermal damage to the tape. In U S. Patent No. 5,777,823 issued 7
July 1998wiasmMst. one of the inventors of the presenpcios®nsa2on, a tape-
transport apparatus is described. The transport in the '823 Patent uses an
air bearing nenber which has at |east a portion of which is fabricated out
of a porous nmaterial that allows pressurized air to pass therethrough to
produce a relatively uniformcushion3of air on which a tape may ride. As
described in the '823 Patent, the air bearing was fornmed as a housing

havi ng an aj ¢ té #2otpsidBRbad complesion dnerl &f heapisdgerdrated Whichehealhe housi ng
and the air beari n%,me per _ar.e lg;lonf,i ur edﬂbo forma Fl %n¥m chanber havi ng
an i nt eri ormyst bedig !Paﬁr&ﬂé?ﬁ'i“ﬂ%ﬁ B¢ i5\A figk pftoenmal damage [o thatang. na was
described as then prSf PateMoNG.B)317,823 issed 7 Julie1998 RUSavitiwinerdfahe Wil e t he
air bearing descri(ﬂ?ed in the Patent .constjtutes a . substanti al
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renot e f r orgeatifg waedermstidas ARGLIRYNavINY an air irstriapieddo belcennected  suppl y
reel. This varlable w ngl.e was, knq to be a | esser probl for
non-air bedPiaRAN $QUTR pgg? E?‘?%?g g?/i{"!gr?g'y\félﬁqf109ﬁ?@b§rn%{'P|°°8 et S‘ﬁn rollers.
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decel er at i Jiebs Alyiaing Wes fgsarihag as; e prgiameg conspuction f FRPYORS i hood of

' nore cont aghafefaeen the tape and the transport rollers. As noted above,
2P S B BRFbbEPbeE I eB SICTAARE b ca nosi net the

substantial improvement over drilled polished metal air bearings, the

construction described therein had some fabrication disadvantages due to

the need to seal the porous material at areas where air flow is not desired.

Moreover, the mounting of the porous bearing in the metal housing creates

some difficulties in mass production. Finally, like other air bearings of the

drilled, polished metal type, this air bearing had undesirable variations in the

wrap angle for a tape moving off of the portion of the air bearing remote from

the recording head and onto a respective take-up or supply reel. This

variable wrap angle was known to be a lesser problem for non-air bearing

transportation systems utilizing small diameter rollers. These systems,

though, have a substantial disadvantage in that the inertia of the rollers are a

limiting factor in the rapid acceleration and deceleration of the tape medium;

in addition, there is the likelihood of more contact between the tape and the

transport rollers. _

As noted above, it is also necessary that one lateral edge of the tape be
held against the datum so that data may be accurately read or written by the
transducer. In the past, this technique has been accomplished by the use of a



transducer. In the past, this techni que has been acconplished by the use of
alil WO 01/31648 PCT/ US99/ 25421 4 plurality of spring fingers which
carry, at their distal ends, |lubricous buttons which bear against a second
lateral viodassdge of the tape, opposite the first | at @CHUSEMIRIhich is to
be hel d against the datum While this technique of physically biasing the
t ape agai nst the datum has been successful, it still |leads to undesired
.contact of the tape nediumas it is transported at high speeds across the
air bearing. This can cause excessi¥e friction, and the mechanical biasing
of the tape can cause damage to the tape edge. Mreover, the tape edge can
event ual | plusaliyaob springefingers] whichosaryg ab theihdistal ends subriagus t’mlﬁbl&i3 Pat ent ,
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the separation distance between the tape and t e bearing surface is less at
the edges than at the fully wrapped region between the ends. In this fully
wrapped region, the pressurized air can escape only at the tape edges. At
the departure locations, pressurized air will escape as well. Since there is a
loss of support from the air film at these locations as the positive pressure
reduces to ambient, tape debris can often accumulate and possibly damage
the recording medium. Such debris may also clog the pores of the traditional
drilled air bearing. @ Such problems are exacerbated by the rapid
advancement of the tape off of the bearing as the moving tape drags the air
forming the cushion off of the bearing surface.

Accordingly, there remains a need for improved tape transport
apparatus and, more particularly, for improved air bearings which can support a
tape medium during rapid transport through such an apparatus. There is also a
need for air bearings that eliminate the disadvantages attendant the individual
drilling of ports through the bearing surface in order to provide air jets to form
an air cushion that supports the tape. The present invention is directed to
meeting these needs.



drilling of ports through the bearing surface in order to provide air jets
to form an air cushion that supports the tape. The present invention is
directed to neeting these needs. WD 0151648 PCT/ US99/ 25421 5 SUMVARY OF
THE | NVENWDOR3MMS obj ect of the present invention is to PrEUa&44 t ape
transport apparatus incorporating inproved air bearings therefore which
air bearings are constructed to provide an air cushion that supports a
taped nedium during transport. Another object of the present invention is.
to provide an air bearing that redutes problens associated with variance

of the wap angle of the r artridge and near the
take-up reel. Still anot é&ﬁm&ﬁ%‘#ﬁ@%ﬁt@it I nvention is to provide
porous air  begy eaﬁcf Althd Presepetifvintiontis Tot pravideng tapeakinspoites. A
further object of the present invention.is tbogegrovi de a.plgrous air bearing
for tape t3RBASHUS NCHRARYNI impreved aippRafings hewiore g & BRanngs (o 4 r
bui | d- up ageWinstrasted aB3srbyiti® dnodi cudBion Ithat Suppitsaa daped nwdinst of the
present invention to provide a new and useful nethod of fabricating porous

ai r beari rHInGREORPYREt hod is sinple and economical. Still a further object
of the present Anawfilobjedt bfthé PraseAtinvintion Mloeviod an airbekeing that ng por ous

air bearings that provides a.s I fied sealin techni que for surfaces
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in a transpgiiings it fhvebetidreafme fracking dapabliitesr oad form the air bearing
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pressuri Zeﬁba"l\ih? {60BPY tafSicTEsysténs tHae elminatesatisatiyamagbe of inffiabaini r bear i ng
menber is t?u?{&.supré‘s%&ijasséie%‘antu?é"‘ apglsrag.escapes through the first surface
portion

It is yet another object of the present invention to provide a new and
useful method of fabricating porous air bearings which method is simple and
economical.

Still a further objéct of the present invention is to provide a method of
manufacturing porous air bearings that provides a simplified sealing
technique for surfaces through which air is not desired to pass.

According to the present invention, then, an air bearing system and a
tape transport apparatus utilizing such air bearing system is provided. The
air bearing system is adapted to support a tape on a cushion of air as the
tape is transported in a transport direction thereacross. In its broad form, the
air bearing system includes a air bearing member that has an air bearing
surface with a first surface portion and a second surface portion. A source of
pressurized air communicates with the air bearing member. The air bearing
member is constructed such that air escapes through the first surface portion
at a greater pressure than air that escapes through the second surface
portion.

The air bearing system according to one embodiment of the invention
includes a plenum associated with the air bearing member with this plenum

T



at a greater pressure than air that escapes through the second surface
portion. The air bearing system according to one enbodi nent of the

i nvention includes a plenum associated with the air bearing nmenber with
this pl eMOmAIGHS WO 01/ 31648 PCT/ 1JS99/ 25421 6 being iﬁCFHﬁ!ﬁ'Gﬁ%ation with
t he source of pressurized air. The air bearing nenber then has a wall wth
one surface thereof in fluid communication with the plenum and an opposite
surface thereof defining the air begring surface. This wall is fabricated
out of a porous material. A first p8rtion of the wall wunderlying the first
surface portiogn of the heari menber is thinner econd portion of

. , ] than a.
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ai r bear i ggcomariertiorceithe Rl utGemaif it $ocohd stirfacyporties.0 PrefBtadiums Wi th t he
first pl enug;rbei n% associated with a first surfacg ortion and a second

pl enum belh® pe pagionis iormped ata st sadivs ¢fquevatiyrganddhe seeRnd j r st and
second pl giHHBe poiorPR ARG at £ ebondBradius 6 diivatalel thef is 18Rjeptsan™at eri al so
that a single source of pressurized air. may be directl connected to the
first pl eﬁ’gnfﬂrﬁb’ascﬂ}ﬁp‘l’fyc‘ﬁ??t“?t Thig resylts; '"pﬁ‘%é@ﬂ?t? i bRating sudakénd pl enum
t hen bei nghaphgs aldual Rdidyofjurvat@®s I THe ArsOslrialde portioh maY eriefd fent o t he
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and conpoglsd foradiodt 45 isgreés bedroat i vel y, separate and distinct first and
' the source o ssurjzed air including

SO P e i RN I B el rabor i, Gouie Bpers S ol L0l o
one air  satoRtYplerums withlthe fierPldtiing deirgnasdobiatdd with iaf first BUgddem and a
second ai ;r)orﬁgnri) palr}é a second plenum being associated with the second surface

portion. The first and second plenums may be separated by a dividing wall of

porous material so that a single source of pressurized air may be directly

connected to the first plenum to supply air at the first pressure with the

second plenum then being pressurized by air passing from the first plenum

into the second plenum through the dividing wall. This dividing wall is

fabricated of a porous material selected from a group consisting of ceramics,

metals and composite materials. Alternatively, separate and distinct first and

second plenums may be provided with the source of pressurized air including

distinct first and second air supplies having different pressures so that one air

supply is in fluid communication with the first plenum and a second air supply

is in fluid communication with the second pienum.

The air bearings according to the invention may include a rib disposed

at one or both ends of the air bearing surface. Such rib extends transversely

across the air bearing surface and extends upwardly from the air bearing

surface selected distance in order to resist flow of air across the rib as the

tape moves thereover. These ribs may have an upper curved surface or a



Is in fluid communication with the second pl enum The air bearings
according to the invention may include a rib disposed  at one or both ends
of the air bearing surface. Such rib extends transversel across the air
beari ng smobsmessand extends upwardly fromthe air beariﬂ%"“sgmsr‘%?ce sel ect ed
distance in order to resist flowof air across the rib as the tape noves

t hereover. These ribs may have an upper curved surface or a WD 01/ 31648
PCT/ US99/ 25421 7 flat surface, with_the latter being preferred. In either .
event, such ribs act as dans to preZent | eakage and the drag off of air as
t he tape advances onto and off of the air bearlﬁgtsur ace. Moreover, the

ai r beari nfiat srfacecwith thedatter bajng, prefpirads cin RitBer event SHEN TRSAR @Sy at i ve to
define a ggarﬂs S Wé@ﬁ?lé‘aﬁégé hh¢ thd a8 ofeslfas We tdbe ddvBAcesTbAto datum face
is oriented in a datum plane that is parallel to the transport direction.
Here, the amoiﬁ@ﬁﬂ"ﬁﬂjf@?ﬂﬂaéﬁffﬁ%e oriented at large acute angle with

respect to the waldlay %eawaeanﬁ{s 8f ﬁmb@sé}ﬂllﬁ@aﬂ«ohhnau@ hadgemof 70
degrees to just sli htlty ess than referabé_)ﬁpabout 88. 8
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transport fiddSis ritthed frﬁ%sﬂ‘&ﬁﬁ\splﬁnéatﬁ& lsnpé\'aﬂélplé thei MﬁhSpﬁrta reversible
transport drr ectlon et ween a sup ree t ake %2 reel across a
recor di ng HeglionTiereqthe a"ttreéﬂﬁgéi"ff é)ﬁéﬂ’%?ﬂ?g atjagpeuteangle Withy;  pearing

mermber dis E’lt@%é’ﬂﬁtunﬂaﬁ@%ﬁkﬁﬁhns%rﬁfé S¥ingd hﬂhuh%cﬁhgerw?bmgrewd a second
air bearing nmb di sposed on anot

er tra t S1 de th ecordi ng
head. Eachtaofust isdightly lass than 9 dggeees; puhe ﬁ§ VBRI, ggéh@ng? ﬁcl udes an
air bearin @gégace having a first portion forned at a first radi us of
curvature ated proxinmate to the spective sugrp and take up reels and
a second sur f acEhepBreseEninyRtiopAlse 'sad"’%‘g%‘ﬁmjartéﬂ? §“§ER'§/§P?R’@ Wsocat ed
proxi mat e {oy iRAsh5EL a0iap8 Neadapd Rive! |I'13& reﬁd'dtblés trﬁﬁsﬁdﬂ ditéction i s smal | er
t hen the secon radl us o curvature t he ai h at &Qmanbers are
const r uct eBegen RFuUPRIY re) and Biake yneg °§sn%'EH°F‘§T9 %ﬁfg § surface
portions tgaRg fbﬁuﬁﬁpa?étuéuﬁélum affnreu air Gearifg ciﬂemlbm tispesednayy anede. A source
of pressur Itrg\r(?sport side of the %@JPJ‘ ngC nan tahsetcgﬁd air %Earnpg member
disposed on another transport side of the recording head. Each of the first
and second air bearing members then includes an air bearing surface having
a first portion formed at a first radius of curvature located proximate to the
respective supply and take up reels and a second surface portion formed at a
second radius curvature located proximate to the recording head. The first
radius of curvature is smaller then the second radius of curvature. Each of
the air bearing members are constructed so that air will pass through the first
and second surface portions to produce of cushion of air on which the tape
may ride. A source of pressurized air is in communication with the first and
second air bearing members with the first and second air bearing members
constructed such that air escapes through the first surface portion at a
greater pressure than air that escapes through the second surface portion.
These and other objects of the present invention will become more
readily appreciated and understood from a consideration of the following
detailed description of the exemplary embodiment of the present invention

when taken together with the accompanying drawings, in which:
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second air bearing nenbers with the first and second air bearing nenbers
constructed such that air escapes through the first surface portion at a
greater pressure than air that escapes through the second surface portion.
These anwooit3esd8obj ects of the present “invention wi || REIGHEZHe readily
appreci ated and understood froma consideration of the followng detailed
description of the exenplary enbodi nent of the present invention when
taken together with the acconpanyi ng drawi ngs, in which: Il W 01/ 31648
PCT/ US99/ 25421 8 BRI EF DESCRI PTI ON THE DRAW NGS Figure 1 is a
simplified top plan view of a tape tran aratus I ncorporating the
i nproved air beari ngsPBIER RES E’ﬂNpﬁ GSre 2 is a perspective

vi ew show ng aggirg 10R Isﬁﬁpmse%ﬁlpm {iwaof 5 'tép°é traﬁﬁmw appargiigodi ment of
the present invention; Figure I's a cross-sectional view taken about |ines

3-3 of Fi gmprzraﬂnﬁwmrweﬂ@"ab%anag%ofs*aepr%sﬁat inYPRHEN aken about |ines 4-4
of Figure 2, IEde®i8d ﬁe@pétﬂﬂ@t\néw 8NbwiAg BheAbeafhgSacttdifg ® b I st

al ternate enbodifrent of an air beari ng according tothe present invention;
Figure 6 .fgst@@mafyg@@pﬂmtot/thswr@%wvam lines 6-6 of Figure 5;

Figure 7 is a ‘P‘glx?é33§5bk&§r¥ecﬂ6rﬁ\ﬂ’weﬁf't8kérﬁébdlﬁhEéstUBQ)f‘thﬁé‘QW ng a second
exenpl ary enbodifent of an air beari ngigunlt according to the present

i nvention: Fi gifigare 4iisa grpss;sectienad vigw *ﬁb@b%"%"‘e‘@v"cﬁf Fgwe & r bearing unit

according to afidirb ds CECEPHBAY VRAPOH EiBRtioR! sRBwikig" aP@/t | Atbragteor ding to
the present invention; Figure 9 i1s a top plan viéw show ng the porous air

bear i ng brpbodument ¢fiaRdit kearing aceeraingde the prasentdvemioRli mrent of the present

i nvention showgigrg efig g%f&s?secFérw%wthkérﬁaﬁb& ﬁﬂeé’é-%rbf‘ﬁgﬂ% ssimlar to
Figure 9, show ng the assenbled air beari ngqunlt of Figure 8; Figure 11 is

a cross-sect i ofiUI¢i & aRiOss-58dional vigws sinillartoofigareyds eSh°W'"9 a
second exemplary embodiment of an air bearing unit according to the

present invention:

Figure 8 is an exploded perspective view of the air bearing unit
according to a third exemplary embodiment of an air bearing according to the
present invention;

Figure 9 is a top plan view showing the porous air bearing body
according to the third alternative embodiment of the present invention shown
in Figure 8,

Figure 10 is a top plan view, similar to Figure 9, showing the
assembled air bearing unit of Figure 8;

Figure 11 is a cross-sectional view taken about lines 11-11 of Figure
10;

Figure 12(a) is a diagrammatic view in cross-section, showing the
relative angle of the air bearing surface to the datum along with the drill angle
of the air supply bores according to the present invention;

Figure 12(b) is a cross-sectional view, similar to Figure 12(a), showing
a first alternative drilling of the air supply bore according to the present
invention; . '



10; Figure 12(a) is a diagranmatic view in cross-section, show ng the
relative angle of the air bearing surface to the datumalong with the drill
angle of the air supply bores according to the present invention; Figure
12(b) is wooi/sess sectional view, similar to Figure 12(aBCT/ES®9R4lg a first -
alternative drilling of the air supply bore according to the present

I nvention; WO 01/31648 PCT/ US99/ 25421 9 Figure 12(c) is a cross-sectional
view, simlar to Figures 12(a) and 12(b), showing a second alternative
arrangenment of the air supply bores Qaccording to the present invention;
Figure 12(d) is a cross-sectional view, simlar to Figures 12(a)-12(c),
showi ng an al t drigurei 12c)cisra icppps=aectionab viewh similar toubigrteshi?(@s agdcording to
the prese ' 1o L aur R ' ' | wi ng the
tape Sag al(e) YRWAP, sscpl dhoiniifd sibrfeftbANRE el CUbRTO0RE" 0 he
prior art saccerding to the prasent isventighagr ammat i ¢ vi ew showi ng the outrigger rib
according to t I ' 1Y Welak Fi:ou: i hagramati c

vi ew show ng arﬁ%ﬂ?eﬁ@p %vde&})sg %%g%g?ﬁnﬁv’bé]g*géﬁtroé?i%g)etsoﬁzt(ﬁ)e%regsent

i nvent i on. siowing aEplitematiye confignration PHiheriERFROARRORSEROOPIdNGTYS thehe present
I nvention .r'ésgr'it Woiti rected to a tape transport apparatus used in the
data storage rndustry. This tape transport apparatus is operative to
transport the tRigusent¥HRlrs ian dirgraramelie viewishewindothea 3res §2@ dtedd/ write
transducer gi - ' [ > .a kd/m such as a
magnet | o SRl @paidh fork R airtoAify BbcoRi Ronaper Bk TREMT STy W th
respect t oldthhisni diagmpunaticdvigw showing el oykiogat ciPsacropdingde thee principl es
descri bed | npl oyed with other tape nedia without restriction.
Mor eover, éﬁ%ﬁ%@}{?@%&a"re_ad/witp transducer” or "recordi ng head" is
used, the sandrigwig 13(9)ds aidjagrammatic view sbewingran altaraatiye:Quiigd®icer or a

transducer i, & bafdihg 1Rk préenPibbMion. both reading and witing functions.
DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
The present invention is broadly directed to a tape transport apparatus
used in the data storage industry. This tape transport apparatus is operative
to transport the tape medium in a transport direction across a read/write

transducer in order to either place or access data on a medium, such as a
magnetic tape. While the present invention is described specifically with
respect to magnetic tape media, it should be understood that the principles
described herein may be employed with other tape media without restriction.
Moreover, while the term “read/write transducer” or “recording head” is used,
the same may refer to a write transducer, a read transducer or a transducer
that is able to perform both reading and writing functions.

The present invention is particularly directed, however, to an air
bearing unit that is connectable to a pressurized air source in order to provide
a cushion of air along the bearing surface so that the tape medium may be
supported on the cushion of air as it moves in the transport direction. An
important aspect of this air bearing is that it employs a dual radius so as to
accommodate departure variance angle of the tape medium that occurs
when a supply or take-up reel is either at an extreme “near empty” condition
or an extreme “near full’ condition.



The present invention is particularly directed, however, to an air bearing
unit that is connectable to a pressurized air source in order to provide a
cushion of air along the bearing surface so that the ta ned|un1nay be
-suppor t eWQ#/1é#8 cushion of air as it noves in tthe tra PIY¥ection. An
| nportant aspect of this air bearing is that it enploys a dual radius so as
to acconmmpdate departure variance angle of the tape nediumthat occurs
_when a supply or take-up reel is elgg at an extreme "near enpty"
condition or an extreme "near full COﬂdItIOﬂ iii 1 WO 01/31648

PCT/ US99/ 25421 .. 10 Wth refer t hen, Fi e see that a
di agram of a With, reterppcs: itRen, ?% ég‘{“?dnétp’BF‘Y b&p%fr’i‘f“hé é%grﬁﬁg?u%les a
regd/ Wi :@eﬁrgé’éfﬁdﬂ&iéefapel&nsporcapﬁéraﬂﬁa@tﬂﬂmhbés ratef[dadllﬂlte artaha&meut p r2 gel 16
and a notor. driv eratijyv otra ape in a
reversi bl 42 3}9@“6?9‘?/%”9%&'@8”%@ taffe-uB r?‘g‘p@?ﬁj?é“‘gﬁr %8’ 1&16‘!" novenent
across tr agsseperative tcbwamma tipe@0 ipad fevefsilsie rta;iveamvmﬁec’ﬁan amd 24,
descri bed_|rrore t horou

t'&

ow. Pressurized air fromair rce 30 is
ool | g pa120 Bokipprred 8, Ravement saseis. Fanesiichr 15 PV BRER P58 and 28,
Al r SourC%g?rOof:a?ir bl?]&fngantﬁﬂ hﬁ&A FIIIOVthchHde hﬂo? tthbmgﬁlyovseldwg -
pressuri ze al r system I IS resen all ng IS
Shown i §et§azr frorm /&, So1Te. 015, SHFETEY 30 it RSATTDS: 32 880 My 24~ i n thi s
first exermé dﬁiﬂﬂits26§nd28b$\ir%ibhro%|30/c&1Hébféﬁyﬂyﬁ&ﬁﬁo@ﬁ air bearing
22, althou h |t ee t be s | enent the teachings of this

uc
i nvent i on' épfﬂé’ QB'PPB‘H'ZSHIaWthQWSte’E'eaH ng 22 is provided for
Si rmlbl city. %Alf%mPMﬁnﬁWalr bféa:ﬁgm %Ssh%mﬂab dm&'lgureé)eafllﬁﬁh&ﬂdl ncl udes aln
air bearin er the form of a.poroys bo as, an upper wai
32 forrredbgt ﬁﬁf’&%ﬁﬁ%&a"@fw%@pﬂg@? 3§Sta‘??‘ Y %ﬂ“g digestiBg surface 34
that i ncl lsdﬁgtaﬁtlélly@ﬁurwliﬁlag@ofo beammgii@ annbughsera@éuinotwémeo portion 38.
31 |n u es.a alr of, si ach downwardl y

depend {1 dHPEmsal e aco o8 ot i oarttol Jus. @ BRECTPLRR OB AERGL o A dat um
plate 40 Ib%aﬂi@gl Rl pmmdw for 4ﬂnpﬂ|6iﬂ/ PABMS @hswA, theh|in Fiilrdshal, airoj ect s
upwardly &:eann ngz%nc 3 eusngm g‘l(r: %eamnga Egimrtlasetr in ie(:%rrfatl Jf a pormlzsa g&y !31

that has an upper wall 32 formed at a thickness “y” and provides an upper air

bearing surface 34 that includes a first surface portion 36 and a second

surface portion 38. Porous body 31 includes a pair of sidewalls 42 and 44

that each downwardly depend from upper wall 32 at approximately a right

angle thereto. A datum plate 40 is mounted to wall 42 and provides a datum

41 that projects upwardly to have a datum face 46 against which a first lateral

edge 48 of tape 20 is to be guided. Datum wall 46 is oriented in a datum

plane “D”.

Porous body 31 is constructed of of any suitable porous material

including, for example, ceramics, metals and composites, so long as the

material is sufficiently open to permit passage of air in a quantity and at a

flow rate that is able to create the air cushion. It is preferred that the porous

material be in the range of between .01 and .06 in%sec/in®per PSl/in. This

porous material may be sintered or non-sintered, depending upon its

composition, and likewise may be impregnated with a selected adhesive to

control porosity. Where metal is used, it should be non-magnetic if it is



edge 48 of tape 20 is to be guided. Datumwall 46 is oriented in a datum

pl ane "D'. Porous body 31 is constructed of of any .suitable porous nateri al
i ncluding, for exanple, ceramcs, netals and conposites, so long as the

mat eri al wé ofsilekd Ci ently open to permt passage of air par/usosesdgk ity and at
a flowrate that is able to create the air cushion. It is preferred that
the porous material be in the range of between .01 and .06 in3/seclin2/per
PSI/in. This porous material may be sintered or non-sintered, depending
upon its conposition, and |i kew se tlay be inpregnated with a sel ected
adhesive to control porosity. Wiere netal is used, it should be

non- nagnet interidedifor use With MhjRdtiAa8pe SIBdESIPHe préfstredidorous matkrial isor use with

magneti c tape,nedi a... The preferred.porous | S l,na silicate
known as nﬁﬁﬂ'l{’@'“éﬁ'ﬁa{.]?sk Rt aﬁé’(’fﬂﬂg sgCﬁ&%@éﬁ\%@# Sfcorﬁﬁ?s@leo“&rts al uni na
to two par iifies phits aluniied tontwb iaets 4ilica sDatuef plateb4( isf preferably dérmedsol i d
ceramc matgri such as alum na. An L-shaped support bracket 50 is

l
secured t o9& g‘l‘i’é%ﬂ'?’ﬁ&%ﬁﬁ rs%_asaé#rgpﬁet 50 has a | ower plate portion 63
oriented al ong Amé-shaped suppetbratket $0desedured tPainbearihg raachber 82.de pl at e

[ ' I id i de. 44, I i i |
B cuate | nBERBLSE bed & iR bRug piofe? pictlps 2N B S BHE 8" 07t ne aa.
End pl at essid@wallsd4dand d4 @ndta sidéplateabnibhesm;m&a:ddon@ﬁh;sidé veallr Ibegri ng
22. As E / . | ncl udes a
bar i or wat 1Stvehitn BeliBn 2.8 AR aree rofexfinks SERbRRARERI i Ch
ext ends cotgaiebearingsurfass 34 Entkplates i52and| S4sredectively $dal the oppasited be
under st ood t hat, b rriri§é2 |1 56 separates the interior of porous body 31

into a fiPa¢shal, hd a second pl enum 60. Moreover, it should be
under st ood t haAs ispghewnvialRiguse 4, porbeadiody 34 2ofaidberting22 eludesr wal | 56 are

B oy kB A3, YR e BRI 1BhE G wBPSR RN 3 1
pass t hr ougktenqs eompieily Possnbetween ofidéwalisi 43 andr Ad.celt3shauld deder to '
gzoggc: a gﬁ%étﬁgg g{ﬁt Bh{gieP {J@ft s 3EpaadsIné it b BEUS bBly 3PRAG LNY surface
first plenum 58 and a second plenum 60. Moreover, it should be understood
that upper wall 32, sidewalis 42 and 44 and barrier wall 56 are preferably
integrally formed as a single piece of porous material. As noted above, this
material allows pressurized air in plenum 58 and 60 to pass through upper
wall 32 and out of bearing surface 34 in order to produce a cushion of air that
supports tape 20 above air bearing surface 34 at a flying height “h" (Figure
3). Typically, this flying height is desired to be on the order of .001-.004
inches. '
In order to seal sidewalls 42 and 44 against leakage of pressurized air,
a suitable coating 62 is provided completely around the exterior of air bearing
member 22 except along air bearing surface 34. This can be accomplished
by entirely coating a molded air bearing member 22 with a suitable material,
such as paint, epoxy or other suitable sealing film. Such film may be applied
by techniques known in the art, for example, by a spray method or vacuum
vapor deposition. This coating is then removed, either by self-suitable solvent

or by machining along air bearing surface 34.

AT



3). Typically, this flying height is desired to be on the order of
.001-.004 inches. In order to seal sidewalls 42 and 44 agai nst | eakage of
pressurlzed air, a suitable coating 62 is provided conpletely around the
ext eri or woro1ale8 bear i ng nmenber 22 except al ong:dir bed’quﬁ@“%’Zﬁ'?lace 34.
This can be acconplished by entirely coating a nolded air bearing nmenber
22 with a suitable material, such as paint, epoxy or other suitable
sealing film Such filmnmay be applled by techni ques known in the art, for
exanpl e, by a spray nmethod or vacuunh® vapor deposition. This coating is

then renmoved, either by self-suitable solvent or by _nachining along air
beari ng surf acdn grderto WEOQ?L?%E'BHW ﬁ'@fﬁ[‘ﬁ@g%‘m&@m@? 5Bang &R sideo i nt r oduce

air into anat%temcbrawad EREIITE géﬁe@nfﬂ@éhwm Qiaewaﬁaa%n%ﬁtobracket 50

I s nmounted generall h with sidewal due to e presence of
coati ng 62the|ﬁ’eﬁ%"9?09 ReRtings 8.y it ti9 nob Necpssane t@@eébaﬁﬁﬁtm 30#BSkal | 44. Side

plate 64 iggawaliqded sid Bnla'?eenG@ﬁé Gréfidéd) atithTRY npple BENMAELARSY e @ conduit,
such as conduit 26, noted_ above th this conduit conmunicating with t he

source of q&m&s@ﬂ.teeajcmqu'tseucmpﬁﬁped%@ rQted abpyp, withythis €emddini cat i on

Wi th an opgimmdniesting @k thé‘s@ﬁb@étd?rﬁréé%uﬁéw&ﬁsﬁ Wigple 68P886 RDinB8 ext endi ng
through sidewal | 44 so that air can pass into &enum 58. The urpose and

function ofvighgpmanicRtion with anepening B2 shewr i phagtomipfrigwed evth As was

noted, in 6;5% ﬁ&é&%ﬂﬁ'\g%rdd@ﬁ SidBRit 4080 thdt dnrscéi'?ﬁéésaﬂn't& Iehgmm nimze the
departure vari ance angle of tape 20 at the ends of each of bearings 22 and

24 that ar® ‘proxi mate to the supply and take-up reels 14 and 16,

respectively. Tt pirposé hnd&uﬁ&i@hr&‘cbérh@rtwhﬁ‘%saéa?ﬁn% (R mdpgatilyrgs 22 and
24 | ocated apprOX| mate to the sup hq%grougqitake up reels be as small a

radi us of aRRFPYatedr e‘\sa'ga%%tgﬂm e ©of Bedpvensionpl iydesirablear e provi ded

with an aitg mmﬁbﬂseaépém \%ﬁaﬁd‘baénélé%f%ﬂé éﬁhtwéﬁaseop@ééﬁem 36 forned
at a rel atlvely curvature "r," in the regl on proximte to

the suppl yPeaiings 3?@"‘1&9 tﬁ@@}rg PERXiMate;ty the %‘&P@Mﬁﬂ%@l“?‘&@e’eﬁ rdiase 38 f or med
at a | ar gefg,raéfidétivdly. Thatis, it is desired that the area of air bearings 22 and 24

located approximate to the supply and take-up reels be as small a radius of
curvature as possible. Thus, air bearings 22 and 24 are provided with an air
bearing surface 34 that has a first surface portion 36 formed at a relatively
small radius of curvature “r1" in the region proximate to the supply and take-
up reels and with a second surface portion 38 formed at a larger radius of
curvature “rz" that terminates adjacent transducer 12. Thus, as is shown in
Figure 4, air bearing surface portion 36 is formed at a radius of curvature “ry”
that is approximately 0.5 inch (1.27 em) with this curvature extending for
approximately 45° of arc. Second air bearing surface portion 38 is formed at
a radius of curvature of “ry” that is approximately 2.0 inches (5.08cm) and
that also extends for apprommately 45° of arc.



curvature "r2" that term nates adjacent transducer 12. Thus, as is shown in
Figure 4, air bearing surface portion 36 is fornmed.at a radius of curvature
"r," that is approximately 0.5 inch (1.27 cm) with this curvature

ext endi nGyHoinieamPPr oxi mately 45 of arc. Second air bearrcmussersdzice portion-
38 is formed at a radius of curvature of "r2" that is approximately 2.0

i nches (5.08cn) and that also extends for approximtely 45 of arc. WO

01/ 31648 PCT/ US99/ 25421 13 However, it should be understood that for a
material of uniform porosity of unifdrmthickness, the flow
characteristics of air through the material is described by the equation:
=pxxPxA/t where @= nmass flowrate (Ibnmsec) p = air density (Ilbmin3) =

e "8, eyl A S S PR, £ Y )

t hi ckness (;ion)sjtyl—bfvmmrm thicknessarthe bijoye ichafactenistics 1of lairathraggh thed | oat t he
tape at a . I stance, that is, "flying height", above
the air éﬁq '?g;é?ﬁ%éggggﬁh%@%%ssure which may be applied to fl oat the

tape is governed by the equation P = T/R where T is the tension per unit
wi dth of t %=b§r&ex,arm8 i s tihe radius of the wrap angle. Accordingly,
where "r 2" Ls—totb—tres—+"] it IS necessary to pressurize first plenum
58 at four tinmes the pressure of second plenum 60 in order to get a
uniformfly height. This can be acconplished, naturally, by having
separate pressure supplies for first and second plenuns 58 and 60.
However, i twhese al SO ossi bl e +massdiowphieqlbm/sec) pressure differential by

supplying froma single pressure source. For |1l WD 01131648 PCT/ US99/ 25421
H [ = air density (Ibm/in3)

u = bearing permeability (in4/Ibf-sec)

P = applied plenum pressure (psi)

A = cross-sectional area through which air

flows (in2) and
t = material thickness (in),

However, it is an object of the air bearing to float the tape at a
constant or controlled distance, that is, "flying height', above the air bearing
surface 34. The pressure which may be applied to float the tape is
governed by the equation P = T/R where T is the tension per unit width of the
tape and R is the radius of the wrap angle. Accordingly, where “r.” is four
times “ry", it is necessary to pressurize first plenum 58 at four times the
pressure of second plenum 60 in order to get a uniform fly height. This can
be accomplished, naturally, by having separate pressure supplies for first and
second plenums 58 and 60. However, it is also possible to accomplish the
pressure differential by supplying from a single pressure source. For



exanple, a single pressure source may be split into two pressure |ines,

Wi th one pressure |jne.supplying plenum 58 and the ot her pressure l'ine
supplying plenum60. In such case, the pressure line s gln | enum 60
woul d be WpoIPlé48ed with a pressure reducing orifice so 'E‘Ei'g? %gressure in
pl enum 60 woul d be one-fourth the pressure in plenum 58. The present

I nvention, though, provides a nore sinplified procedure by supplying
plenum 58 with pressurized air and slgarating pl enum 58 from plenum 60 by
por ous barrier mall 56 that has a thitkness "t2". Were the thickness of
upper wal | he thi ckness of 56..shoul d be

3t1. Thus, e’ﬁ'ﬁ%‘?u? ﬁ@é}e BISSSWRSOMIRG TRY Bﬁ@ﬁma‘f‘{" &gﬁpreﬁaur\éﬁwes,o\ﬁt% is four

times the ahepsessereoﬁneasupprymgsplagrrhIsscawhhéeﬂmci:reswf@ma Qﬁ;rplyu@gl 38 since

air passes on %(Shr ougr]ba sr ness " a% &E h pl enum 58
while airP F‘?\; sde‘r' BFeés'r'Fﬁ F‘ep%’tﬁ’gyf’}ﬁB gHma H’°B s of "3t1"

plus 11" peovitled with a préssumseuubmgcmmbe isbeahatthe messrw@rn plengecnd surface

portion 38. e-fourth ' the pressure

di pgl
bal ances t ¥°H R &%nﬁéh%pre%qrﬁ "EIHPPB'I" ir cushi on vvrth a snal | er

wr appi ng radi usTied présenumwéﬁ:onvmdmghebmvme@ hforé-isimplified procetiuvfle @ second
exenpl ary 5nbod| nent . of

ol ename. hab¥ AUPERS R B Wil prE LR A P secarauEs AP BEAE0 S and o
then, air pRAUITNEO b¥Zporousbamier wall56 that has kethicknesof,a Widrd theody 123 of
DO TR ks BE e Vel e SO scRees o G ol A R 2 9 0
of air beabbray.178us plessurigyd aiaepéssrhgttmegh air'byanhg rmrtrdna:eeuslf%r and body
ot her mgntifeE 15 PiRgRUIR. g Al Hees PR ppdl seconSiayfiaEs apBona FUoRA posed on
the top si passes c_implmrw amﬁglesmmknussma assbtiated with plealime®@his 166 and
197 Skl kTt B G G PR £ et A0 423 %0 5
be seen t hatuals raffew | paxgs thsoughathe \&:anpomodlauséedqd sudack portioh 3gurface
B or e AGPRORE M 41 WP B0, Pk i REoBR 16 REMAE ) o yon e e
t he enbodi reativebyhuniformmirdughion with 4/ naller Stépiing fabitdSR Pletuhz 58.
With reference to Figures 5 and 6, a second exemplary embodiment of

a dual plenum chamber is shown here with the plenums having air supplied

at different pressures. In Figures 5 and 6, then, air bearing 122 is shown

and is in the form of a solid body 123 of porous material, as described above,

molded as a unitary piece having an air bearing surface 134. A datum plate

140 is disposed on the bottom side of air bearing 122 and sandwiched

between a mounting plate 141 and body 123. Datum plate 140 is formed of a

solid ceramic material, carbide or other magnetic or non-magnetic material.

A top plate 164 is disposed on the top side of body 123 and is provided with

a pair of nipples 166 and 167. Gasket 165 is sandwiched between top plate

164 and body 123. Bolts 169 secure the assembly together.

With reference to Figures 5 and 6, it may be seen that air bearing

surface 134 is divided into a first surface portion 1 56 and second surface

portion 138. Surface portion 136 is arcuate and formed along a radius of

curvature “ry"” similar to that described in the embodiment shown in Figures 2-



15 4. Likew se, second surface portion 138 is forned at a radius of
curvature "r2", which is four tinmes larger than "r," and also that is
simlar to that described with respect to the enbodi nent descri bed above.
Air beariwgoid3idss has an effective upper wall 132 fornedrcrusss/aday at a
constant thickness "t,". This upper wall portion 132 is defined by a
plurality of bores that are forned in body 123 of air bearing 122. To this
end, a first air supply bore 158 is drilled fromtop wall 142 generally
parallel to first surface portion 13t and passes through body 123. A first
supply port 188 penetrates bottomwall 144 and is in fluid conmmunication
wi t h first 4ailikewigs| secbod surfE®. poxtion 38918 fortmed et Eodiuscof cutedtinges a fir st
pl enum for.air A 122 . [ tYn S Al I ores 160 are
drilled par'gdl’lvgﬁa?éé Mur'diies ot i - 3ha“HE8alls! iR o 1" = gures 5
and 6, el edescribad \withirespachid thelemhadime® deseribd abaye. fAibbearing 1821 | 142

al nost co I ; I 160 metrates
bottom mrﬁé‘%ﬁ%&@% wgre&gﬁns{se%%%@eg&p\éﬁgﬁ%g?? CIfB%gﬁ‘?Héﬁﬁ%sﬁggm to bores
160 and t h€hisapgenwall potiiond324s defineddyyua glusalin of borep dhatd@ré fasmedi r  bear i ng

surface 13 I A3 Sbelinal ssary to supply bore 158 with pressure at
four ti negi@ga%%o&uﬁ!rtbg?ﬁ#g%ure of air supply bores 160. To this end,

t he nout hs of alo thisepdy alfissteair sapplytborerd 58dp diled iormitap wekddRng are in

fluid co ' | . L nel 170.
Second am%%%'f‘)ﬁ%éﬁ't‘?é@?%gﬁ?% @?&%ﬁﬁ?geﬁh Iﬁ%e?ﬁﬂb@g@g%&% 194 forned
t hr ough nodnfifshgsyppiit domts 188 npenetratgse nibejorma valin 144 aangnip| int Buid40. Channel
170 is thuga.d s | catd ' kol o} ore 160'.

Ni ppl e 16652 H‘Hyg#tl&n%pﬁl iailgieﬁﬁffbpg"‘l?%&f sy ﬂ'c%ﬁéﬂ%itac(’é o8 fﬂe h air supply
bore 158 t Hefinegia ﬁ@&@gagumfprﬂzbeaningrﬁaznmr@rpﬁtm seganchall sypeii ng 145 in

dat um pl at j | 4 € ed air
oo P o o UARR KBl ORI BHT RN B B BRI,
pressuri zeaigu{es ) ﬁﬁ@@glﬂl%(eﬁ Gueh air supply W%_éﬁ@ @are deliest fgmdep wadle 131

t hrough cowﬂ}nommh@ewuatolﬁIdtaﬁé%dy 1§§%we§]gel‘, ;w%&urx 1|B@'rp‘é?1ei'r§@sar eat a

pressure that 1s one-four pressure bore 158. Since the

wrap radi ueottam wajl 44 1a proyide A sgeonchsLnpivpert 190.r T?\e I['::!.[i)ng%:nt to bores
- 160 and the tangent to bore 158 are equidistantly spaced from air bearing
surface 134 so again it is necessary to supply bore 158 with pressure at four
times the amount of pressure of air supply bores 160. '
To this end, the mouths of air supply bores 160 at the top of the air
bearing are in fluid communication with one another by a common manifold
channel 170. Second air supply port 190 is in communication with
passageway 194 formed through mounting plate 141 and an opening 145 in
datum plate 140. Channel 170 is thus in fluid communication with nipple 167
by way of bore 160" Nipple 166 of mounting plate 141 is in fluid
communication with air supply bore 158 through passageway 192 in
mounting plate 141 and opening 145 in datum plate 140.
A pressurized air supply 130 supplies pressured air directly through
conduit 126 to nipple 166 and likewise supplies pressurized air through a four
to one pressure reducing orifice 131 through conduit 127 to nipple 167.
Thus, air supply bores 160 are at a pressure that is one-fourth the pressure
of air supply bore 158. Since the wrap radius “ri" is one-fourth of the wrap



1 WD 01/31648 PCTI US99125421 16 radius "r2", a uniformcushion of air is
provided for a tape nmovi.ng over air bearing surface 134 due to the
differential between the air pressure at air bearing surface portion 136
vis a' wveolrssss ng surface portion 138. The structure BEHHR2M42EI gures 5
and 6 provide advantages in manufacture. Here, the solid cast body portion
123 may be nol ded and hardened out of any suitable porous material as
descri bed above. This entire body portlon may be di pped, sprayed or
otherwi se coated with a sealant maflrial that prevents the passage of air
theret hrough. Bores 158, 160 and nanifold channel 170 may be then forned
in body neadius ‘B2 wAfem custyass ekair fie: payidsdsforna: tapeanovipg oveealri ng surf ace

134 may bgghHRY shift é&eqabmue%ttnsrd.ﬁe el B bR, At | Legpve the
afihg stf el et peselfy

coating alo eari ng surface a sulta vent to renove

t he coati rhganmwﬁnerngn}on 136 vip aiyis hga"nﬂsmépe potiond3§i ns seal ed by coating

162 at all reg SstfuchfBt h of air
supply bore 15;{92”% al rabse@rv?ﬁgn #]ﬁﬁ}%%géedﬁ,gg%n%fé dee7ldvFa Hﬂ]ﬂgn be

mount ed, imanugolue: t bere theraelid cast bedy eartlone%inmb@mld%@\@nd 142, such
as by a 93fGdned'oub ¥t AYsuitabRp ateﬁal %&éé&hﬂé@é \ib40rr9?énﬁrge” be

nmount ed opposl te pI ate 164 to provi atum ace plurality
of st rat edioghil Roftign m?é'db%ldmdhél)@ySQM atherwigey cagtad twitho agsealgntum pl at e 140

wi th thesgﬂé’!gﬁél'tﬁ&sprg 9 uiPHad g&mnwbm.w gg@@%%eqso%d Beari ng

surface 1 |arretr|c 7y cts port alf ows "any excess air
pressure traanifokkghanps) t roomaan be een |fﬂr@eshm Hody membgyri2dgwhish. 1 n | ow

pressure %&Eb#é‘é\hé%?ous%&@ﬂalh% ahif} sl ﬁ\%&g}e’i (ERrEg by the | ow

air flowconditions. Athir exerrp ar odi nment e present invention
i s shown ieithera fackining epefation tp rpmoae&hea@@t@c@mrm@r bearing siriackar to Figure

4, but Toraanydya sl%‘fié Q&v&%4otr&ﬁ5vé/‘ﬂlé|& H?%EB %aﬂ‘ﬁeé?ﬁ ring 24 in

Figure 1. Here, "air earl ng has a bo ortion t hat p ovi des an
air beari rigersber 332 f?@é'"sd$%|%c9y|¢ﬂaéj"§ 1ﬁ2r§ alhjregiorsrexsgPrk alondce portion

236 and a REGRRFA cRArndPaF0l M mouth of air supply bore 158 and air bearing
surface 134.

Plate 164 may then be mounted, in any suitable manner in sealed
relation to sidewall 142, such as by a gasket or by any other means. A
datum plate 140 may then be mounted opposite plate 164 to provide a flat
datum face 146. A plurality of strategically placed bleed holes 148 are
formed through datum plate 140 with these openings being generally circular
in cross-section. Bearing surface 134 diametrically intersects ports 1486.
This allows any excess air pressure to bleed away from air bearing surface
134 during use. In low pressure applications, bleed holes 148 may be
eliminated duse to the low air flow conditions.

A third exemplary embodiment of the present invention is shown in
Figure 7. Figure 7 is a cross-sectional view similar to Figure 4, but for an air
bearing 224 that would correspond to air bearing 24 in Figure 1. Here, air
bearing 224 has a body portion 223 that provides an air bearing surface 234
divided into a first air bearing surface portion 236 and a second air bearing
portion 238. A datum 240 is provided that is similar to datum 40, described
above. In this embodiment, upper wall 232 is formed in two sections, 282



portion 238. A datum 240 is provided that is simlar to datum 40, descri bed
above. In this enbodi nent, upper wall 232 is fornmed in two sections, 282 WO
01/ 31648 - PCT/ US99125421 17 and 284 which correspond respectively to
-first wolAwds porti on 236 and--- second surface port?%'ﬁ“ ’3@?{2‘
respectively. Upper wall- portion 282 has a thickness "ti" while wall
portion 284 has a thickness "t2" that is four times the thickness of "t,"
A single plenum 258 is then provide _}1 so that pressurized-air may pass from
pl enum 258 t hrough upper wal | 232. 70 pye to the difference in t hi ckness
of wall 232, however;-pressure is four tjnes 8reater at ?gérst . surface

portion 286 284 whigh §@W“§JPPMV3|MOM firgh syface oo ke the

wr appi ngséé&id@ur@éceS?&ﬁaﬁ 238! frés“p%cw;i ijp?ez&valismrftneurzsa f&s & he radi us of
- second surface ner al

I i sntJQ ﬂ% hei ght for a tape.
transportfé@(ﬂeﬁ%r'tea‘ﬂ'ﬁ'l?s‘ﬁa‘l/\i"l’ﬂ'°'? 3§"h gsa|t °¥'¥ﬁs§"@ \T‘/ﬁ o) ﬁ'len a suitable
coating rJ@.-Ss Bf 9y Vkeéhgjl@pxéﬂaﬂn ztdsasmedezﬁoméh wdﬁtpfesaun‘zehwl ng 224 and a

-- sui tabl e p ate pr ovid ghcom’runl catl on ssurjzed ai.r source

and -- pmayRassdemaienyp el uppeerﬂEZ%s ”‘Bl’%?@r‘gﬁee@ﬁ%ﬁ‘dl nent -of

the- presﬁﬂékda@ﬂ%ﬂhhﬂ’asz Fowever; tpré&ure Effouﬁtimélﬂgfebteﬁ atfipt sgdddgeon, is shown .
in Figures 8-11. In this enbogg’F ai.r aerlnﬁ nenber . 322 is formed by-a
3cR P 23 AW

porous nPRBIOR 838 them:at; $ecopd: prtion _ WEVRle SINGELIP with respect

to the eW?asbﬁg?%dus@@v\@ewhdFchaSp&n@ﬂds@ is Hﬁrreumw:wmmbrer 323 has an
air bearing surface 334 havin ace. QI’tI%ﬂ 5}9;356 formed at.a
i

smal | r agpepndopurage, BRRlPR 236, - @F’Q'iéé‘egﬁfﬂ‘ fying Qg 1OF i3, 08RE \ f ace portion

338 for ”%ﬁné’écﬁteha!hﬁfgacfo’sdlma reélﬂf IpAtlﬂk ldn&ﬁddiMemf aghin, aLigyiapiebor es 358 and
360 are respectively a oc I at e ortlons 336

f
and 338. cq@tlrtgrmgygﬁd)ro 'QLF&BFS/" “5*6?5"’; Igﬂ'cﬂ,egfﬂgll% 50 st'ance

that is GQidblé pﬁﬁsprBWHhﬁWca‘tlbﬂm?eﬂv&é‘n%:presﬂurizledralr&’b&rddm t he di st&nce
of separation ween sarface- portion 336 and air supply - bores 358.

Due to tﬁ'@”&?ﬁ%‘?‘é}‘lsé MPIYEci ng, "bores 358-and 360 may be - - connected
by a common n‘aﬁbin?dsdpﬂdﬁ@f&iﬁémﬁa’@mnﬂoswpmrémhtamvemtuom,mmheau'me - - -

ot =" et o’ B iy Y A A S R BRI 55 v,
due to - pehfigy iehider 822 is fotmguiby2A pordus mémber 323 thatiscbated intheai r that is-
general | \T/nalf!rr]lle; 8escr|bed with respect to the embodiment shown in Figures 5 and 8.

Here, porous member 323 has an air bearing surface 334 having a first -

surface portion 336 formed at a small radius of curvature “ry"-and a second

air bearing surface portion 338 formed ata larger radius “r.". A plurality of air

supply bores 358 and 360 are respectively associated with air bearing

surface portions 336 and 338. To this end, air supply bores 360 are located ——

at a distance "t," that is four times furthier away from surface portion 338 than

the distance of separation "t;" between surface portion 336 and air supply

bores 358. Due to this difference in spacing, bores 358-and 360 may be

connected by a common manifold channel 370 and supplied at a common air

pressure. It should now be understood that wall portion 333 will pass four---

times the amount of air per unit area as wall portion 335. However, due to

the wrap radii, tape 20 will float en-a cushion of air that is generally uniform

across air bearing surface 334.



across air bearing surface 334. - - . |'ll WD 01131648 PCT/ US99/ 25421 18
In assenbly, the porous.nenber 323 of air bearing nenber 322 and datum
plate 340 are nounted between a top nounting plate 364 and a bottom
-mount i NGydpdiHd1648365 neans of bolts 369. It shoul d be uneex/Es%2#2t hat bottom
nmounting plate 365 could be part of the structure or housing of the tape
transport apparatus instead of a separate piece attached to that
‘structure. In any event, an air supply nipple 366+ s provided that

comuni cates through a bore 368 in 18 ate 365, for exanple, so that air may
fl ow t hrough ni pple 366, through bore 368, through an air supply bore 360
and i nto mani fiolassemblynthe @vrous Dember BRIk aB4@aring praswbersi22andt bl eed

hol es 348,in .2 L ' e, 2N [ b hol es 148.
To thi s oHRtumE P 3D, SeifribBhuslhdiedin 2 qRlinebiiy ol Moa AE S N0 P2, o
menber 32Botam mounting plaié 865 means of halts 368 Jt siaudd bk undestgasicthat 0. ai r

suppl y bgétforﬁwéun‘?igg:p;l‘,étg%egrbo?g%?é ‘?gg'ofq\? %ﬂﬁ&tﬁ?e o'f hoﬁﬂﬁ#‘('c))ftrﬁ: appr eci at ed

t hat any air su ores cou € enpl oye i s purpose
of comutapeatrangposi eppartuspinsieadr of cal separates miece wittaghechdo riati ning air

| b i ' | Oof [: t Il 325 d
corous el By hsluoca Yaib sl HidenSes | I e Rne! | ST0 21
that air cemmuakstesithough adeare368Iinpiataass, fanexgrapiensp that airanaypr ovi ded;
thi . ] . | ! ' et
R L T
to seal mand fintbcmanitolthehagied 378nd Ratue plats840 Isprovideshwithiblers bet ween
top nount Bgﬁfﬁggﬂggﬁ%ﬁpgnﬂgf @ﬁéﬁm féggtion%%![ bieedRBiesh@8, extend

t hrough o _ ormed 'respectively 1n top nounting plate 364,
gasket 380, pofothis andirir squdy hore 30 imdiillegt conmpletelyTheoughrpaionsl  ends of

F gur s 190009 RESUAR '*fé‘gd%?rs;f'ﬂ’ﬁa?ﬁ?%ﬁ"*gﬁéﬂg. whEfeEBict @ et piate 56
di agr anmabore 168 depitied inlFigure Ag @feoussa, itsihepld/be)appreciatad thaktamhbodi ment
shown of air supply bores 358, 360 could be employed for this purpose of

communicating with the pressurized air supply with the remaining air supply

bores drilled a majority of the distance through top wall 325 and porous

member 323 without penetrating bottom wall 327 thereof.

In order that air can pass through datum plate 340, an opening 341 is

provided; this opening is sealed in assembly by an O-ring 390 that seats

against wall 327 of porous member 323 and bottom plate 365. A gasket 380

is used to seal manifold channei 370, and this gasket 380 is sandwiched

between top mounting plate 364 and porous member 323. Bolts 369 then

extend through openings 391-394 formed respectively in top mounting plate

364, gasket 380, porous member 323 and datum plate 340. The threaded

ends of bolts 369 are secured in threaded opening 395 formed in bottom

plate 365.

Figures 12(a) through 12(d) show four péssible alternatives, in

diagrammatic form, for drilling the air supply bores for the embodiment shown

in Figures 8-10 as well as the embodiment shown in Figures 5 and 6. For

exampie, in Figure 12(a), a representative air supply bore 460 is drilled along

axis “A” that is parallel to air bearing surface 434. Air bearing surface 434 in



in Figures 8-10 as well as the enbodi nent shown in Figures 5 and 6. For

exanple, in Figure 12(a), a representative air supply bore 460 is drilled
along axis "A" that is parallel to air bearing surface 434. Air bearing
surface 4&6éoimiedd 01131648 PCTI US99/ 25421 19 turn, is PEFHSRY28421a | ar ge
acute angle "a" with respect to datum face 446 of datumplate 440. Axis

"A" is parallel to surface 434 so that air will uniformy flow through
wal | portion 433. In Figure 12(b), axis "A" of air supply bore 560 is
canted at a small acute angle "b" Weth respect to air bearing surface 534.

Thus, there is a differential in the flow of air through wall 533 at a
| ocati on piuoxiisrformedatdularge aguie anglacaowiti aespechtmdatuguiace 446sifdewal | 542.

The | ever sl fibtdado" sl o i FRRIT WurtBo W34 B 1FAHl Ginfiblmyter . 201

supply bore as an axl s I's orient at an acute
with respeﬁQthouwawalhlgorﬁm#&%e 634, but here, the angl eis chosen so t hat

the nouth of ai Ik Fzéq}ng %(QOEQSGQD%&I, skgﬁﬁ,l}gr ﬁépyls 6%§%p ng surface

634 then andlst I'S non-uni form
bet ween daacute gnglec"bd agtharespedtde avbearing suftacegﬁﬁﬂat é’hual there iBnBoccurs at a

| ocation p t wall 642. In
Figure 12(%@%%%&?@%%&@%@% é%@’%t a%cé&fbfu c?q ﬁ*zi@étezlb fferent

conf i gur atfaoe Su6nf daturd piate 540 andisidewall g2, The rre\eﬂlmis)/t%fqr ﬂmo has a

| arger o ebdihépf b Fibthe ) idte, al Hurp iR Rep Y A akip T0° B

count er boriAighatds)piented et am acute anglerc’ dW&‘hEQ@ﬂCt tothearing surieces8dd, wal |

portion 744 fidtme |é319 Bftdsef| U4t the tolitH 81 Bd?éekb'nsk“ess of
s?{g e1 0. %iﬁe ?lgr

wal | portion proxi mal datum reater air
pressure viurtheraway fram ethbeamggeurtﬁcetﬁaé mp@ndelﬁﬁeémﬂaldmuat . 740. It

shou' d e £3hA.Swil dortigiGsls #3A-unkibi bélesh UaliiPBlale A Snd S Bapave sever al

count er bOI’ |arret ers ecreasl ng rT'enSI on romt @P to the bottom
so as to henibahgestar piflow aqsutsi alia Ineation pipximate toidatura farer@46 thagoni ¢ air

supply bor tﬁé’Ubt‘ér?iﬁeﬂélP&éiEd by drilling such bore with a conic bit. This
woul d result 1n an air supply bore that_conti nuousI%/ di m ni shes in
a

di ameter insted® F!Q"’%é?(q)gtha aift syRplyskerp 760 is formed to have a different
configuration than as described above. Here, air supply bore 760 has a first

region 770 proximal to mouth 772 that is counterbored to have a larger
diameter that second region 774 that is distal to mouth 772. By
counterboring region 770 to a larger diameter, the thickness of wall portion
733 that is proximal side 742 is thinner than the thickness of wall portion 733'
that is proximal datum 740. Therefore, a greater air pressure will occur at the
edge of the tape remote from datum 740. It should be expressly understood
that an air supply bore could have several counterbore diameters of
decreasing dimension from the top to the bottom so as to have more than
two distinct regions. Furthermore, a conic air supply bore could be provided
by drilling such bore with a conic bit. This would result in an air supply bore
that continuously diminishes in diameter instead of having a stair-step

reduction in diameter such as that show in Figure 12(d).

An additional feature of the present invention is the use of transverse
out rigger ribs at each terminal end of the respective air bearings. To
understand these out rigger ribs, reference is first made to Figures 13(a} and

i



reduction in dianeter such as that show in Figure 12(d). An additional
feature of the present invention.is the use-of transverse out rigger ribs
at each termnal end of the respectlve air bearings. To understand these
out riggwoorstsss reference is first made to Fi gures 13PEFUSHESIA WO

01/ 31648 PCTI US99/ 25421 20 13(b). Wth reference to Figure 13(a), it may
be seen that representative tape 20" is trained over an air bearing 22' so
.that an air cushion 100" is present. However, ai¥. can spill out of or off
of air bearing 22' in the region "S20 due to the transition fromthe
pressure of air cushion 100 to ambient pressure. In order to elimnate
this air J4p(b) WithireterenceriocFigute {abhdt may be sgen ithajdeprasgniativer ovi ded to
ext end acigesed! s Rl Sor Hh di BoatthgP2 Pt idh aff didhn fidPs Transver se
rib elenment” 85 acts as an air damso“that air nmay not readily spill from
regi on " Spresapheiiewevar,aiecanspill ot of or pl ok als feating22' day theeiggionoSout ri gger ri b

el ement 83uo! 4Pk WAnBRSF Hdm!thy s8N ushRC180 1ol Btbigt Ot damage

tape 20 as It passes over out- rigger elenent . Qutrigger elenents 85 nmay
be for medpressHi/e an upper curved surface 87, as Is shown in Figure 13(b).
Alternatively, Agrigt ﬁJ“ ﬁg&“%ﬁ s&ﬁ(%) traHéUerrééJQﬁf bér2@r have a

pl anar upper surface 18 ee e anar surface it is currently

preferred! outr\gggf{ Bis R,ra\yéed tqext%nqﬁ@p%& aréaeqmsqrﬁaee 34 @srshewndn t he
outrigger ng Wré’ﬁé\/é%"e P 8ieht' 85 Acts %ﬁ [P HaP 56 ?rﬂé? a?r m F' ect ed
epen dth o

di st ance, on the al rgressures use the w
transport@et lf%&ﬁélyaﬁﬁ’d' fram ragjorh &g hHowexer siace dape 129 lsaiﬁéateiioﬁt Q\A der tapes,

the proj eﬂPtooéutﬁéb‘érQiBtélérﬁmreseit@F@Psteésén pﬁ{gab% nb% Sapd12@ for

narrower ta any event, it 1s contenpla e protrusi on of
the outri @geémalntedmgﬁtab%ZOﬁsanaﬁﬁ@saowoummgeoe}amnt%s Turning again to

the embodi Tent o AEReF ihflert WP iyt DEFMIABY S6CHave” an"LlrCurled d 2 L hat

air bearings 22 and 24 are elr opposite ‘extrene ends with
t r ansver s8udage BH@sris éhewem Eigyee 33(l).g Altemalivaly,as is shewndnirigWerent in

Figures 54304, Sutdgder ABS ¢hA Rdve'a piankal ApSerSuRBcd 187, HiBkd, the planar
upper surface it is currently preferred. In either case, it is preferred that the
surface of the outrigger elements protrude above the air bearing surface a
selected distance, depending on the air pressures used, the width of the
transported tape and the fly height desired for the tape. For wider tapes, the
projection of the outrigger element is generally less than for narrower tapes.
in any event, it is contemplated that the protrusion of the outrigger elements
be in a range of .001-.004 inches.

Turning again to the embodiments described above, it may be seen in
Figures 1 and 2 that air bearings 22 and 24 are provided at their opposite
extreme ends with transverse outrigger elements 85 and 87. Likewise, the
embodiment in Figures 5 and 6 are provided with transverse outrigger
elements 185 and 187. In the embodiment shown in Figure 7, transverse
outrigger elements 285 and 287 are provided for air bearing 224. Finally,
outrigger elements 385 and 387 are provided for the embodiments shown in
Figures 8-11. '

in all cases, the transverse outrigger elements extends across the
respective air bearing surface, but it should be understood that by using the



el enents 185 and 187. In the enbodi nent shown in Figure 7, transverse
outrigger elenents 285 and 287 are provided for air bearing 224. Finally,
outrigger elenments 385 and 387 are provided for the enbodi nents shown in
Fi gures 8vams1b48 al | cases, the transverse outrigger el Br¥P¥2¥%: ends
across the respective air bearing surface, but it should be understood
that by using the WD 01/31648 PCTI US99/ 25421 21 word "transverse" it is
not intended that the outrigger elenents be necessarily perpendicular to
the respective datum face. Rather, takaoutrigger el enents could be

oriented obliquely, although it is contenplated that, in the preferred
embodi ment wordidgnéxerselitis net intepded) thak the olirgges glaments be "eF?Fséﬁl}’ event, the

out 11 99er 5 RURRLSaPiANG 18 8stuf falo S Wikt ndTBitAGb& elsmeftsas SOl i d

al um na. I ment alr bearing el enents according to the

present i caukhbe@nienteyd Qb@qlﬂﬂﬂ@@@%ﬁh tﬁi‘%@or{t@“a'aﬁ%% indeRraterigdi ng
met hodol °9¥mbon'ﬁﬁfe‘?rb Othéﬁb EdeHenéir Eﬁéwgur%)é | pAcanidevert thr st step of

form ng a “porous to'a se ecte shape.” The preferred material for
forning t howlriggerdglements, afe gorgiBisted of aaﬁwsﬁhﬁnrﬂ%te@@r pch @St as that
known as ngHiﬁae. Alternatlvely, the porous material may be any suitable
ceramc, neta osite materials and may belrrpreﬁ!?ated wth a

sel ected adhesiThe me imants&f theorinkearing emeerﬁaﬁswe'nart? ReE#Mdol ogy
cont enpl at ffve Attt mﬁ{) Qﬂé"ééc&t!ﬁwgtisad lsrﬁﬁn@ﬁ%ufa%tdrmgrméthbaorbgye a_dual

radi us sur ace W t eac portion of the dual radius surface conprising
appr oxi mat Hege, @e@gn@a@umg ragthodqlogy, inpludes A first; SteR o fAr®IAY &t ed t hat t he

porous air 8’6% 'daayﬁs%?;sélsc@é%ha eexrfrreusnefbrréaohﬂﬁ#:apror%hﬁwtﬁe fabri cat ed

in a manne known e art er the porous |s forrre@ into the

desired shbedy, as noted aAbeys, & amglumieg srleataraucaﬁeéha oY AALBEERE that body.
This coati Rﬂerﬁﬁﬁveh&? tﬁaypo‘ibué ?rié!téhal ﬁﬁé)n'be ﬁﬂpéwabre ebffic,"Rietdlictl that is
sufficient to seal gorosm of %J npl etely hereatround Next ,
t he manuf ac@MPosHs fﬁéleﬂé AsyPay ke l!?ER!gg'iar'i Wé‘f‘efb sﬁlﬁc@ﬁp%éﬂ t'Re air
bearing sugddfcf deo§|@”DTh€thhﬂ‘a6tﬂﬁﬁg ﬁlﬁbth&!ﬁléﬁyr eﬁfqtem"ﬁhités Ql&a’t hé
acconpl i shed by machi ni % ¥ at i nag aI t he E‘

porous air bearing body is orm to ave a dua raduus surface wnt each

portion of the dual radius surface comprising approximately 45 degrees of

arc. In any event, it is contemplated that the porous air bearing body is cast,

extruded, molded or otherwise fabricated in a manner known in the art.

After the porous body is formed into the desired shape, a coating is

applied to all exterior surfaces of that body. This coating may be any suitable

paint, epoxy or other material that is sufficient to seal the porosity of the body

completely therearound. Next, the manufacturing methodology includes the

step of exposing the air bearing surface by removing the coating therefrom.

This can be accomplished by machining away the coating layer on the air

bearing surface or using a solvent to dissolve the coating material therefrom.

In any event, the manufacturing methodology also contemplates the

formation of plenums in the porous body. This can be accomplished during

the formation step of the porous body. Here, any portion of the coating in the

interior of the plenums that is opposite the air bearing surface must be

removed. Preferably, however, the plenums are formed by drilling holes at

desired locations within the porous body. This creates air supply bores so



bearing surface or using a solvent to dissolve the coating materi al
therefrom |In any event, the manufacturing nethodol ogy al so contenpl ates
the formation of plenuns in the porous body. This can be acconplished
during WeMBY4Bmtion step of the porous body. Here, afFTHEPY¥I#H of the
coating in the interior of the plenuns that is opposite the air bearing
surface nust be renoved. Preferably, however, the plenuns are fornmed by
drilling hol es at deS| red | ocations within the . parous body. This creates
air supply bores so ~'ll1-1 WD 01/318#8 PCT/US99/25421 22 that air may be
introduced into the interior of the porous body at a pressure sufficient
so that aithakaipmaybg thirgusaddnieoing irterionsf tha dorus Radytatea presswear i ng
surface. "ﬁffﬁoxedttso?thﬂuéudﬂ&?s MP&[@E%E@ Qrc;u'?.%d}'f&‘ﬁd(y b*ﬁfééipbé‘a?u@e creat ed

such that a differential air flow o curs air bearing Surface that

is pr opor%‘!f@ﬁﬁt &ere it shoujdke H%d%ﬁP%ﬁWéh%ﬁr"HQé‘ql%b%ﬁ@ﬂ%@qhher eof so
that a rehaf ia/itferdptidl C4if fjw dcdaR for hd 'a.P%eﬁhﬁg"ttﬁﬂfaeeemaa lsape i s nmoved

across the air bearing surface. Accord |ngw the present invention has
been descrirepertignata tadhe radiug cuevagire o the oaﬁeptlcgnsatneee,qf@@ that Bhe exenpl ary

enmbodi ”e”tre%xvél?%n%rﬁ?ﬁi?busﬂldﬁ’ﬁ )idetrea Jb%wﬁ@ﬁ@t?p?%oﬁi e r@&@ﬂlle t hough,

that the presenf invention Is efl ne al s construed in
| i ght of t#léb?ﬁfl"@rsugﬁﬁeso that nodifications or changes may be nade to the

exenpl ary enbo € S V% g fromthe
HceBRiingd, the preQéﬁt Péntion ﬁQé e 6\411\%&?%# i 981"‘ 5%4

i nventive concepts contained herein. WO 01/ 1 23 W

claim 1. 9egres of padicylatty directedh tadbg exemplary embodiment ohihe PreseRipor t
appar at us ihferftiéRP Ot lshdufdbé aBPreichets hh@urbrpfthit' fheaﬁre?éhtdm%’iﬁlﬁ)ﬂ Eet ransported

in a transport di rection_thereacross, nprisin a) an air aring
member i nC‘M'&PHgbyaﬂ‘eafqu°‘8l§'5r?'ﬂg‘ssﬁ?ﬂ%fé'édHB\)IQHQ °f ‘Plnf@f agtye d6&t portion and

a second SHadfieARIONS 'of cRAhGERUnay BE thade to the exemplary embodiment of the
present invention without departing from the inventive concepts contained
herein.



(b) a source of pressurized air comrunicating with said air bearing

menber, said air bearing nenber constructed such that air escapes through
the first surface portion is at a greater flowrate than air that escapes
fromthe wiraagnghgsurface portion. 2. An air bearing systeerusensaziing to
claim11 including a plenum associated with said air bearing nenber and in
fluid conmunication with said source of pressurized air, and wherein said
air bearing nenber has a wall wth one surface thereof in fluid

conmuni cation with said plenum and wR8h an opposite surface thereof
defining the air bearing surface, said wall being fabricated out of a
porous nat ¥eelaima first portion of said wall underlying the first surface

portion being thinneg t}k . Se 8mg.p ' f sai er]ying the

second surface E’ort i%%.gﬁgae%'ﬁ‘%alg ea%aﬁ?ge(y;?&%% 3@%’3%%&4@%0& aim 2

wher ei n t happanatus tossuppait @ tape on arcushiof of aie ds shiditape istransported irof curvat ure

and wher ei _ | s forned at a second radi us of
Balpo R BRI Ao ol

curvature f curvature. 4. An air beari ng
syst em accor di nfa)t o ar air edringaiemiden includinigoan dir heearngl satfacenigavingd of sai d
air bearin r ' HARY S v d.hereacross, said rib

ext endi ng %gaé/a{rsg'ﬁig/g? ?gﬁoﬁﬁéagggplg?%ésur%?82%&%“ %g‘ér ative to resist flow
of air thereacrs asouree obpresswiized airlcompuunicating withrsaid air beaniighg syst em

boari ng surierist.Sid sl Reihg nienfte? chisibordd slofunS2i o @aBe? A 5151646
PCT/ US99/ 2 8wirst axfage particaiis aba greaatey flowsaterthan aitiktregcamesdram thed wher ei n
001 o . oHaBeREoR 11 70 10 25T A0 S Bearing Syst em adapt ed f or
use on a tape t2.anspiy air bepring system ecyrdingde claimt hpeludingaa pleskimon of air as
sai d tape bgeddiA0FRRh 56 dirbeafing W ahd M fIGE tbRfhuUnitEticA Wit $8ia COMPr i si ng:
source of pressurized air, and wherein said air bearing member has a wall
with one surface thereof in fluid communication with said plenum and with an
opposite surface thereof defining the air bearing surface, said wall being
fabricated out of a porous material, a first portion of said wall underlying the
first surface portion being thinner than a second portion of said wall
underlying the second surface portion.
3. An air bearing system according to claim 2 wherein the first
surface portion is formed at a first radius of curvature and wherein the
second surface portion is formed at a second radius of curvature larger than
the first radius of curvature.
4. An air bearing system according to claim 1 including a rib
disposed at one end of said air bearing surface and extending transversely
thereacross, said rib extending upwardly from the bearing surface and
operative to resist flow of air thereacross as the tape moves thereover.
5. An air bearing system according to claim 4 wherein there is a
rib at each end of said air bearing surface and extending transversely
thereacross.
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(a) an air bearing nenber including an air bearing surface having a first
surface portion and a second surface portion and including a first plenum
associated with the first surface portion and a second pl enum associ ated
W th thepsrfigagigsur face portion, said air bearing nenbercT/usesigsseict ed such
that air at a first pressure in the first plenumw || pass therethrough
and out of the first surface portion and air at a second pressure in the
second plenumw || pass therethrough and out of .the second surface

portion; and (b) . a source of pres¥urized air communicating with the first
and second plenuns such that the first pressure is greater than said
second pressB.e Wher gibypeaiing systémf dacrording taiglaie addwheneirbsaidiribg nenber and

out of the b I | . .10 At ﬁtdﬁspi port a tape
transport%’&eg‘%%ﬁ%@boisibsrﬁw% ﬁ&frwgr%?%gl@%ghegﬁh&a#fbeer en |‘z§p1it“?1' e air cushion
al ong theinf:hl(.ﬁﬂstmm@Z_smnbnd surface porti_ons, respectivel y. 8 An ai r
arouate i n corf gurdt Phrpednd e ABaRef for 5% B o R IRIAL Par 5
wher ei n t ppdratustto ssppdrba tapecort & oushien thbaines! said tapé isrtsanspedédid of curvature
and wherein_the . sec I, is fornmed at a second radi us of
curvatureagFF?%%ﬁ'Fecwgg%%%zg% B@#‘bb%ﬁ?us of curvature. 10. An air bearing
system accor di(ap t @ancdiabearhgwhembemnintludingiarsair beariigisurfdcechaving ure i s
smal l er that t o Lu LV r J1. A L rg system
accordi nggf}gﬁcggﬁw%n 8&\5]/\;&%’? %Igﬁ %ﬁgg?ﬁgyﬁé%uﬁ?g%’é %@rﬁlf@g@'@i?eﬁ{gg for about
forty-fi vpledewr associgtedhwithattee firsdr surfdce paertionmhd ar Secandpplenuon ext ends f or

01/ 31640 PRopPEGH B 36 Seofd ‘sufkbl poron Sakd by beatdd dember ™y " P 4
wher ei n seordtracted $uchr that) aireatba rfirstsprieasiureciat thd firat ptehuse ik pass mat eri al .
13. A ai g DSRTUEA and BuEBt @6 itk SuRed BortibiaRY br ata%ietoRa pRlsdure

in the second plenum will pass therethrough and out of the second surface

portion; and

(b) . a source of pressurized air communicating with the first and |
second plenums such that the first pressure is greater than said second
pressure whereby air will flow through said air bearing member and out of the
air bearing surface to create an air cushion to support a tape transported
thereacross with there being a differential in the air cushion along the first
and second surface portions, respectively.

8. An air bearing system according to claim 7 wherein the air
bearing surface is arcuate in configuration.

9. An air bearing system according to claim 8 wherein the first
surface portion is formed at a first radius of curvature and wherein the
second surface portion is formed at a second radius of curvature different
from the first radius of curvature.

10. An air bearing system according to claim 9 wherein the first
radius of curvature is smaller that the second radius of curvature.

11.  An air bearing system according to claim 8 wherein the first
surface portion extends for about forty-five degrees of arc and where the
second surface portion extends for about forty-five degrees of arc.
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porous material is selected froma group consisting of ceramcs, netals,
and conposite materials. 14. An air bearing systemaccording to claim13
wherein said porous material is an alumna silicate. 15. An air bearing
system acworaBstég t o claim 7 wherein the first and secoReU/PSEAMIL are
separated by a dividing wall of porous material, said source of
pressurized air being directly connected to the first plenumto supply air
at the first pressure and with the s%cond pl enum bei ng pressurized by air .
passi ng through the dividing wall. 1%. An air bearing system according to
claim15 wherein said dividi n%MwaI | is fabricated_froma porous nateri al

[

sel ected from ddgrod}y 8k Daring Sysfemy according dQ claimy 3 whereiR £ald) @osi t e

mat eri al s. pdafingembér i8 $4bricBEdOLS bEAheots hititéalt 0 claim 7 wherein said
source of pressuri ﬁz‘g air includes distipnct first and second air supplies
having differe pARsali Reanng system agcoriing 4o, AP AL Woereid saidi d

comuni cat psroudinidlerd s sdiédted fromed gibuptdnsisiing Sfceradica) mefliRind bei ng in
fluid conmuni cation wi.th the second plenum 18. An air bearing system
accordi ng eYrResiteMateUMer ci n said beari ng nmenber includes a datum face

operative to def4,neap @i lskaringr éy@ttn dcbrding itd Tlaimat 8rwheremdeaiaf sai d tape,
said datumface oriented in a datumplane that is parallel to the

transport mng%m#ﬁ{!a' BN ﬂﬁm%ars'lf_@!%i ng system according to claimi18
wherein the airs, beNn'Méﬂﬁh%%?ﬁehﬁadébidﬁ@l@Fblaﬁh Zwhevefrthadiétanangl e with

oerert, et ki A Sermiedly &g SRS soerhl iy el T
about ni nedgureke o g;_eéssuaied At Baéing ALy Bornette M Use gkt Nlerium abai m 7 -
including a rib . di '?s?dreastsupenaGndeeri%tf sai d a||elr_‘ rl% arir'an i surrfza e and
ext endi ng SPRNSIERLBP irst pretsure snd v they§eepnd plenyiqing repsinzed |’ | s ¢ |
WO 01/ 31648y &ifpasdsg thtatigh the dividing wall.
16. An air bearing system according to claim 15 wherein said
dividing wall is fabricated from a porous material selected from a group
consisting of ceramics, metals, and composite materiais.
17.  An air bearing system according to claim 7 wherein said source
of pressurized air includes distinct first and second air supplies having
different pressures, said first air supply being in fluid communication with the
first plenum and said second air supply being in fluid communication with the
second plenum.
18. An air bearing system according to claim 7 wherein said
bearing member includes a datum face operative to define a guide surface
for a first lateral edge of said tape, said datum face oriented in a datum plane
that is paraliel to the transport direction.
18. An air bearing system according to claim 18 wherein the air
bearing surface is oriented at a large acute angie with respect to the datum
face.
20.  An air bearing system according to claim 19 wherein said large
acute angle is within a range of seventy degrees to about ninety degrees.
21.  An air bearing system according to claim 7 including a rib
disposed at one end of said air bearing surface and extending transversely
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26 thereacross, said rib extending upwardly fromthe bearing surface and
operative to resist flow of* air thereacross as the tape noves thereover.
22. An air bearing systemaccording to claim2l wherein there is a rib at
- each andygfp;8fgl air bearing surface and extending trapevasssasyzi
thereacross 23. An air bearing systemaccording to claim21 wherein said
rib extends upvvardly fromthe bearing surface a height of between .001 to
~.004 inch (.026 to 1.02 mm). 24. A tape transport apparatus to support a
tape as said tape is transported @ a tape drivéin a reversible transport
direction between a supply reel and a take-up reel across a recording
head, conmieréaohgss, (said aibf iexishdiag r uihvesrdiyn frome thxe rbediing casidcenarhe t r ansport

side of said.re nd _a seco er di sposed on
anot her PP%’FP@Y)%&’( r e§ﬁsﬁ€°‘%?€@5ﬁ%&@a§c"c§ﬁcﬁs% ﬁaggdgg\gegctﬁgrgg's érrgi d first and
second air bezg.i ngAnairtbeatng lwdteldiamgomingaﬁorcliim1 whein theaeishavi ng a first
surface ortlonforé\gegfat a first. radius of(ﬁ xféature and | ocate

pr oxi mat e P 2 fach c??'Gea‘ELP&BF'QQ L DG, ffansverss nd surf ace
portion fmgaatrogs a second radi us of curvature and | ocated proximte to

t he recording I.rst radi us of. tu | Ler than the
second radi us ot mﬁ'bﬁ't’th%""g SEPRMsAF5R" W %5%’ WE g'fs%@ I'st{ruct ed such
that air b&cﬂehdspapwatdlymtghhe bearig swacaralheighioofcbetweda©1p0or.00Hns t o
produce a, cHzrngg air.on which the tape may ride; and (b) a source of
pressuri z 5402948 E‘&‘tl ng with the first and second air bearing

menbers, said 24rstAaapia tramsmd a?pparétearto rsgppmmaet@e aossitirtape égl such t hat
|rst surface reater flow rate

' h
Then a1 1 FRGMPAGERLe BPB MR Ca BB HaBthdt ebaln BeFBbfia ' T 1 T
| DIl 11113upply tdel and aGake-Gp reel across a recording head, comprising:

(a) a first air bearing member disposed on one transport side of
said recording head and a second air bearing member disposed on another
transport side of said recording head, each of said first and second air
bearing members including an air bearing surface having a first surface
portion formed at a first radius of curvature and located proximate to the
respective supply and take-up reel and a second surface portion formed at a
second radius of curvature and located proximate to the recording head, the
first radius of curvature being smaller than the second radius of curvature,
each said air bearing member constructed such that air will pass through the
first and second surface portions to produce a cushion of air on which the
tape may ride; and

(b) a source of pressurized air communicating with the first and
second air bearing members, said first and second air bearing members
constructed such that air escapes through the first surface pottion is at a
greater flow rate than air that escapes from the second surface portion.
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