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Is generally directed to tape transport apparatus of the type enployed in
the data storage industry. More particularly, however, the present
invention is directed to air bearings tlsed wi th such tape transport
apparatus which are operative to support a tape on a cushion of air as it

Is transported through | cross a read/wite
transducer. BACKGROUND &B%ﬁﬁb%h%{ﬁéﬁgﬁ%%y@*ﬁof the information age
has seen an exponentTRANGPORIS ANDIMETHOD OFEABRICATION! storage of data
both for on-line usage as well as {igipEhghi val purposes. In the early days
of the conputer, before the advent of nagnetic disk and optical storage
assenblies, data was typically stored on nmagnetic tapes, such as

reel -to-r eel tapes and | at errEpS o $8E INVENTIGTONet i ¢ tape storage devi ce,
a magnetic coil is used as a transducer to inprint data magnetically on a
nmovi ng band of nR§REISERt iNyarlipn isrgeneeslly directedHtonapentearispomrapparatasionced acr oss

the {ransdupgypeldhfpisiakian ifekiaRPstbRAd iy, b t;du\r/Er@yﬁcpS‘eveP HRCeSSar

Magneti c taﬁ_e has an advantage in that 1t"isr ¢cost and can
be erased BSQ’E\AWGPP% Isfligried tRoair hegringiused withosuchelape dianspasf  nagneti ¢

tape, ot heraptpamU§Wﬁi’cﬂgﬁe l&iﬁﬂﬂaﬁv&&i’&:ﬂ%ﬁ% %\é%rpﬁ @Em i %lrpa%sf'isbl e. For
exanpl e, ser dt en o | cal tapes nm in an efrort to
i ncrease théarﬁB‘\f,’ﬁq brngh a£p§536‘1‘5e83%$' !ﬁé"fﬁ%“dﬁi Lﬁﬁdfwme transducer.

BACKGROUND OF THE INVENTION

The advent of the information age has seen an exponential growth in the
accumulation and storage of data both for on-line usage as well as for archiva
purposes. In the early 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 magnetic coil is used as a transducer to imprint data
magnetically on a moving band of magnetic film; thereafter, when the film 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 data 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.
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chanber thatuﬂdaea b)ad@btheslwe otﬁecnraactbSach ahyasms‘«aa:larrialge&aghlo!dfe thb a
plurality Ofmt@ﬁtﬁ%@ﬂéadﬁé'sltérsg therddtC 35 B Egrgg?tﬁﬂ%scggrﬁégeenta fa y on the

order of .006 hes I n di anet er, er the
beari ng sur fdive machagighmitiusait & sdmrhon teeempiog ai pluralitpfof ainebephngmm The

pl enum may bﬁdérhsauﬁﬁoa%ﬁélfabé%r&ehﬁ @ueewhéumn&a?&m Fand {fén%eh the ports

t hereby provi di n% {yets of air orman cus Support the
tape medium as i Pigdictis beatingsis in ke frsar ping Déamﬁfacmm&mlthﬁ hds 8 type of

air bearing ﬂoﬁsﬁeﬂﬁﬁbﬂa@ﬂéénng'éuﬁaée ftbugh Whieta piliaif) éfztﬂ)n Y248 Yfefiea F1 ST, the

manuf acture _of such air bearings is quite expensive ce each of the
bearing surfRERPYL: ichare H’chﬁ'ﬂyﬁhﬂ“ﬁ)‘?f@ﬁ iof 40@@10 PRAdchesin diametpt,e, over a

surface ar eaxhd a.omhPix dvEr Hebehkhg S1#B6S and borhmhuRRhte WAFARE Hiedd? drill 50

to 200 indi V'f ual Ierﬁ)um sI'he plenum may be then pressurized with air which escapes
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 poris
having this extremely small diameter. Not only is such driliing 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 driliing 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 reéist the tension on the tape as it is transported, the plenum

chambers must be maintained at a sufficient pressure, typically on the order of
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beari ng man‘og,;1 at Ieast a portion ‘ted out of
a porous mat ?a“a”'f;ﬂ’l%ﬁ "b‘hleog%g ﬁ@@%ﬂ%ﬁﬁ Aeair fearing measher twhisheham sugh t o

produce a releabt uqiqrtucuﬂbf @hi&hqﬁﬁﬁﬁrﬁatedoéutaéfr gﬁrdﬁg' Qleﬂaltf'l’lﬁfaa ride. As
described in_the ' 823 .Pate earin ormed as Yousi ng

havi ng an ai P’%Sﬁﬁ”&e fd’a@t%st”??%@'%ﬁﬁ%@f%‘cetao'emV@Vrunﬁ@fm @'@thIhe housi ng
and the air b{earrlamgwmehtaetaparmay:@[ﬂél ﬂslrdégcﬂt%d |f10th61 &@bﬁf&ﬁmtﬁgeﬁber havi ng
an interior bgflwdfcrrr% ﬁt Qn Wt Alumnavvas

descri bed as®THE IV RIPELALD g??"ﬂﬂ:f‘?‘fﬂg@?a’fﬂﬁetﬁé%ﬁg to hacemnasted Wi | e t he
air bearing tsbem:alr beurce. nThheouélﬂg:%aﬁtatr%rﬁ:r l@é&?ﬁ\blrhérhsér dte cONUké o @l

| mpr ovenent AVEra &Eﬂ‘l&{l‘%ﬂﬂ@% shed rret% aj r arings, the “construction
descri bed therein AV INOAT ipferigy E'af '5'@@@'06‘(%‘ Wil the1l need to
seal the poripies riiuminaavasdescribad ashiboepreforretil cnsirgctibAtofdRsigorsls Mor eover,
the mounti ngp@farbie porous bearing in the netal housing creates sone

difficulties I-n mass production. Finally, like other air bearings of the
drilled, polishedVhig #e ejrpeearingi destribeddarthagsdadPatastesonstitutas wari ati ons
in 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 o be a iesser 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 roliers.

As noted above, it is also necessary that one Iatéral 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
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mediumas it is transported _at hi speeds acro ng. This
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create undesire roovin e ons f ent he bi asi ng

of the |atePd0®&d &Vﬁt%%ecﬁaﬁﬁﬁeu'%&&’%ﬂmpwgdﬁttb?nbwﬁ@\s aln #en'8e8 vel y
acconpl i sheddmntathgl biaging ta,eﬂl;ge&&érage@gg g,aﬁ,g fape téﬁ‘ésr@?iﬂé”h&h Was t he
conventi onal SPr *%e%fl ngers. (Qf}g air bearing systens, ere are al ways
two | ocati ofLSAl H‘f@he @yllpgt@]ggar@g Stuﬂécﬁb ﬁrﬁ’@t%ﬂfblce wher e

t he tape apmmmeatlca'radsprmpmgérs t he bear| ng At these locations, the

flying height of t hat aration di stance between the
tape and the bearl n’g %ﬁg'@g F%St?rgi“éh%{? arg ﬂ' ays eslopatigns gke.¢ adhe y| | y

wr apped r egioppoditet wed of Hise dredsing |surfabe, swhetel the wp%paﬁﬁoéﬁwsoand t he

pressuri zed gahinLRl RIGAPE APHoYe ?ocaﬂons tth‘fielof‘:f‘wn dlge:ght Stihe tape, that is,
the separation distance between the tape and the 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 supbort from the air film at these locations as the positive pressure
reduces to ambient, tape debris can often accumuiate and possibly damage
the recording medium. Such debris may also clog the pores of the traditional
driled 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
driliing 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.
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An obj enoter PH@Cbﬁ‘g@érﬁf%Wélmehﬁw isstot proyitie vindair hearingethtt sausipes probfras at us
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transpoFalk.e‘LJQrfG?-er obj ect of the present invention is to provide an air
bearing that reduces problens associated with variance of the wap angle
of the tape near the supply cartridge and near the take-up reel. Still
anot her Sagﬁ@@hembmi@f Brecrresgntiinvestien isro ipsovide porovs die bpanirgssthati havb dettengs
that hayguRfrdRing GRhbiltids’ acki ng capabilities. A further object of the
present invention iS to provide a porous air bearing for tape transport
systens that elimnates disadvantages of initial airbuild-up as well as
depart upg | : r ' : ' tion to
provi de aunﬁt}lZe\il}v%gr?%\ﬂ _Sg{eieuqré?réefﬁ]%‘%ﬁg#mgftgﬁé\gﬁ?%ér%%%éﬁée%zﬁgtf%ﬂet%?ﬂags ch
met hod P¥temspinat elifinaes disasd watagest of initial ithuiltraip asbjvelt as alepatierepaps say.
invention is to provide a nethod of manufacturing porous air bearings that

provi des .a sinplifieseali n%techni que for surfaces through which air is not
desi r edltti$ yghggother 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 object of the present invention is to provide a method of manufacturing porous

air bearings that provides a simplifiesealing technique for surfaces through which air is not
desired to pass.

In accordance to a first aspect of the invention, there is provided 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
oriented relative to one another in the transported direction. 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.
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t he n be

under | yi ng I r'st” surface porti ing thinner than a second portion of
said wall underlying the second surface portion. In accordance to a third

aspect f abbadrietd Wi LR of P ORT v 8 bRl B9 Y5450, SRy o

for use on a tape transport apparatus rt "a tape on a cus air
as sai dadaripé fordiseraine et tensport apparatuspgosuppitrt edepeoon ahlrisbiaordsir,as said

COMPI i Sidps Rindticrtell §74 R BRHIRE T GLHA fsifgearing surface having a
first sudrbf@ace p%rtion arga 2 ) secoﬁci{]su_’fé%g@%s%nt?#%ﬁﬁénd including a rib
di spose@n & RagEng meroferdagiaiing an iséidangy suraeechavingd festtserfdagottionreser sel y
t her eaCEQsnd Sffale rpbﬁioﬁXatn‘arﬂ:',é:lﬂéﬁnéI Rl gispogerdoé'i‘ éﬁéﬁe#ﬂfﬁf £418 airpH. friﬁgesuﬂ‘gge
operative to resist flow of alr Thereacloss as e tape noves g reover ;
and 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; and
a source of pressurized air communicating with said air bearing member, said air bearing
member constructed such that air escapes through the first surface portion Is at a greater

flow rate than air that escapes from 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 being in communication with the
source of pressurized air. The air bearing member then has a wall with one surface thereof
influid communication with the plenum and an opposite surface thereof defining the air
bearing surface. This wall is fabricated out of a porous material. A first portion of the wall
underlying the first surface portion of the bearing member is thinner than a second portion of
the wall underlying the second surface portion. Preferably the first surface portion is formed
at a first radius of curvature and the second surface portion is formed at a second radius of
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{hor cof 2BBISKFRAGY URcIegTaes S W orseseed STTRGS baian ban Sxdond oo da 2

t her eof F¢es P&he M egend sUmacs ion ¢an éxdbnd esv dor ahaut of a
por ous @t@?f@gofémfl rst portion of the wall underlying the first surface
portion of the bearing nenber is thinner than a second portion of the wall
under |l ying the second surface portion. Preferably the first surface portion
Formed o meuiy thé 8 HE8id heBbe R i L8 s el oSN e R e AR 1T
the fir &fst rRienum befng: gesasialed Wlfhhﬁsflfﬁtegmfa(@ pertign ambaam;:oadrplbmam toeging

oxt end for - aaora ity utepokdt et aplibeond Aladi VB Ppel i
porti on Eérf’"é@d[‘@ wall af Berotis maigsialiso thas aginglecsairest ofressurizedain atay\h@I q;rectlghe

st P e A eGP PR i o 1YSE retBre"ABORE SR8 PRl e "
pl enum Beinadgressyiserd by &l rassing e theckiatiplenurn dete tb@rsecamui plEhiem fthnosigh dimel
second Hivf%!iﬂg“ﬁlafra‘!'hlgedl\ﬁ&ﬁér\@élleg faB%caﬂedj'oY' db(gfgué"%étel%i(l UL JRL rglrguq

that a single source of pressurized air m connecte

first pFRRIFHNGSf SerAsMgSs, dﬂ@taﬁtandh@mmqeﬁe rrpﬁt@rsajﬁr@tematwewsemrmndp.hﬁmmtn
Sccond gronin L audt i he "atPAERSIE piRdhd oyt B eSSl 3 g, .
of a potistirct fist eﬁ"idaﬁe%oé'ﬂe@f éHPﬁ"!eérﬁ%{"'@r ditiprent oressures ep tifat coe il ssppiyrm aI s
cecond e B e, ST Rer K g £ 5Rna'e, flyde HABE bornikhERHG: g
di sti nctith thessecgReipleBEdnd ai r supplies having different pressures so that
one air supply is influid comunication with the first plenumand a second

air supply is in fluid comunication wth the second plenum The air
bear i ngg %@'6 BEJINGS acsoidng tpihe inverlienragy ingkide @dibisnased iat pos ecbeth epde obr

bot h enghe &if bedify §urfac€e@ﬁblﬁ‘ﬁhbséé&érﬂ:%etraé%lgefy %r e dé‘ir bé Y SlirpfcleYarRf " 0SS

the air bearin surface and extends upwar e alr arl ng SU ace

sel ect eBXENdS dly drag Her aif begring; sg,{rfaprp ge\}e@tpd Alistance in order to resnst flow of air
across the rib as the tape moves thereover. These ribs may have an upper curved surface or
a



across the rib as the tape noves thereover. These ribs may haﬁlgAarri} UBEEI’
curved surface or a 27 April 2004 WO 01/ 31648 PCT/ US99/ 25421 fP! &0
surface, with the latter being preferred. In either event, such ribs act as

t r akage and the drag off of air as the t ces onto
oot b R RsE 2 ’ b AT ¢ e

and off of e alr bearing surface. Mreover, the air _ _

present invention include a datum face operative to define a guide surface
for first lateral edge of the tape. The datumface is oriented in a datum
plane that is parallel to the transport direction. Here, the air bearing
surface is oriented at large acute angle with respect to the datumface
with this armt@uh@ézgv;wthélla&eabéiﬁg@?ef&freo?Onnd&&%gsgem}éhdhurﬁ)ts a%;r'ﬁ\ghtly | ess
than 90 degrees, but preferably about 88.8 to ) degr ees. e present

i nventi on al%Ng t© pfevedteakage apditbg erag efh ehair es dhe tapstadvancdsaentor ansports a

tape in a tafif dif of\Re hif bdar@\eRHEEd)| € transport direction between a supply
reel and a take g@) reel across a recording head. The tape transport

appar at us i ncl ud&oreover, 18g ajjj beasipgs oh ihenpiesent iaversieon derlute ardaturer anspor t

side of the faesopstaig teRfines duiie BRI oRTist RERAI emﬂﬁa% edirfgosed on
anot her tran O?FE si de aof grecordi n%PQSad. Eacé%%of t he ?II’St and second

t he .
air bearing B RCe #5 QHeRtRd ' FeSatym B Batr isnlaralpl ftactkerftansaent a first
portion for rdhdctdn. aHérer ﬂ‘tf dicbbarng @lriacy ié&iriéhtéd'ééQ%S%che%gri??vg?lt ]90: rr:'gd at
ti I d e.up reels and a .second surface
o Second r davre! (6 sefipE Bl 'Sﬁ}"sﬁ% W%Wtﬂa"@ﬂén%eb?ﬁ degreRad. The
first radids jost sighthatiessethas S0ralchmis] ban pidierabyCatisht rsgis Us @ 3 curvature.
Each of th%fegiere beari ng nenbers are constructed so that air will pass

t hrough t he 'Sf" and second surface portions to produce of cushion of air
on whi ch the tap&he pegsent diwentiensalsy Gediedctqat 58 Uape GensHoit apardtus

and second o b < \eal R YapS 0B Inch e rRbENePR WelPes ¢ hrough
the first sieirss peunpioieekandaa take up reel across a recording head, The tape
transport apparatus includes a first air bearing member disposed on one
transport side of the recording head and a second air bearing 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 curvaiure 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:



greater pressure than air that escapes through the second surface portion.
These and ot her objects of the present invention wll becone ?i il 2084 gj | y
appreci ated and understood froma consideration of the followng detailed
descriptio exenpl ary enbodi nent of the present i ' when

t aken toge{‘,ﬁgrrm%/l\nmt%h t he acconpanyi ng draw ngs, in whi ch:%%%}fl 2004 WO
01/ 31648 PCT/ US99/ 25421 8 BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
sinplified top plan view of a tape transport apparatus incorporating the

i nproved air bearings of the present igwvention; Figure 2 is a perspective

view showi ng an air bearing according to a first exenplary enbodi nent of

the present invention; BREFPESCRIPRON OF THESHAWIRGSY! €W taken about fines
3-3 of Figure 2; _Figur,e 4 is a cross-sectional viewtaken about |ines 4-4

of Figure 2; Fi Gi4ed B2 sMnlified 1R Bignivieve b adepe ragsewt Appaatsr st

al ternate enhesthombihg e improved ab%@éliiﬁ% AirEsdHl idvenfidie Present invention;
Figure 6 is a cr ctional view taken about |ines 6-6 of Figure 5;

S-S . : . . :
Figure 7 is a cr égé’-r%gdf PHFEPPRAIRWIeW; ShOWHIg Jrpairibgaring accosfiogihg a second
exenpl ary erfastdixemplarpémbodietient Slaé prgenttivendssor di ng to the present

| §.an _ex pers%(ictive view of the air bearing unit

I nvention: Fi gurﬁ. 8. i g pl oged | i g
according to a thi9HF B XenpBiearyeeionaeeiaren rbow lines 35« Figwe &ccor di ng to
the present invé&iguresis Foges-eedionsl view RiReR hBoutVihey s AT Wigige bhe porous air
beari ng body ac | do the.third alterpatiye enbodi nent of the present
i nvention shown %ﬁ‘i'g‘%::%ﬁ & gron Hﬁ‘?’e'”l@‘qvg{']%[‘ t%‘ﬁwlﬂgaﬁ vrsbypltegnate | ar to
Figure 9, slaowhatgnentef anssdeblimpacordinpdthepresonttin@ntibh:gure 8; Figure 11 is
a cross-sectiona [ exv: & K lines 11-11 af Figure 10. Figure 12(a)
is a di agrammati b gé.}eg%‘. %g@rg%gé)&éé%ltvi'e%t,%kg'ﬁ8&?‘“3"‘?%@'% of Figurd 5
Figure 7 is a cross-sectional view, similar to Figure 4, showing 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;



relative angle of the air bearing surface to the datum al ongn%/vi%h,the drill
angle of the air supply bores according to the present inve [ W,” 2ﬁ%ure
12(b) is a cross-sectional view, simlar to Figure 12(a), showing a first

alternativ iJ.Lj,hg of the air supply bore according to_the sent
invention;q’é‘gkwﬁéstr 2004 WO 01/ 31648 PCT/ US99/ 25421 9 Fi 5%?’859%%85 is a

cross-sectional view, simlar to Figures 12(a) and 12(b), show ng a second
alternative arrangenent of the air supply bores according to the present
invention; Figure 12(d) is a cross-segtional view, simlar to Figures
12(a)-12(c), showing an alternative configuration of the air supply bores

according to {NeFigiesoR) il BVABL.-Mbtioh LR, Sl 1d Fidhedl 81 HHRL I © Vi ew
showi ng the tape sag at a departure location fromarr air ring according
to the priorl2ik $howing a seconst piernative airangementitof dhe iabwsuriphnbargst he

outrigger ridico@iiRteimdpreSertifenfisgsent invention; and Figure 13(c) is a
di agrammati c vi ew show ng an alternative outrigger rib according to the

present inventi ofIQUISETAOL iSTr oroserertianehview, FRHaEXERTBLRY1 HRBCRIKVENTS  The
present i nvembivig amaltyr@eaﬂbwoﬁﬂ%%&ﬁtdﬁdofttﬁe ﬁirtsﬁgﬁ¥ boRiiSRRbldiPRARAt US  used
0

in the data stor?%e i ndustry. I's tape trans t apparatus Is operative
to transpor tPreIREt PBRAORedi um in a transport direction across a read/wite

transducer in or Bigurd a3gitises dMAERAMRHtic ARERSThoWHA 1) 1 &%ﬁg%‘ﬂ gsuch as a
magneti c tapﬁ%. 'X\hi I e‘ia;iihef ﬁ{gesent i nvention is described speCifically with
respect to rAgfABYPOGALRAIRmANAIr baring aGeqrding t Hedrior 8% t WIGUre he pri nci pl es
descri bed hes¢)nisnmyidgearmmpatio wkal shdwingtthe rodtiRr Medhécomihfabtingest ri ction.
Mor eover, \A@i#&nbﬁeeﬁterm c{ ead/wite transducer™ or "recording head" is
used, the A y BMe?" o a wite transducer, a read transducer or a

transducer that Figsreatf(e) s piagfanimatizolidw rshedingoarhakbibtivel Gdrdgenct i ons. The
present i nveglicBhalng B helfR tlvnfild, Ct €d. however, to an air
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 tapé medium that occurs
when a supply or take-up reel is either at an extreme “near empty” condition
or an extreme “near full” condition.



bearing unit that is connectable to a pressurized air source #P order to
provide a cushion of air along the bearing surface so that t AP@&@Oﬁedlum
may be supported on the cushion of air as it noves in the transport

di rection rtant aspect of this air bearing is t | oys a
dual radi us‘&gc‘)ugs 0 accommodate departure variance anglr}g&{)dfsgg{%@t ape

medi um t hat occurs when a supply or take-up reel is either at an extrene
"near enpty" condition or an extreme "near full" condition. 27 April 2004
WO 01/ 31648 PCTI US99/ 25421 10 Wth refgrence, then, to Figure 1, it may be
see that a diagramof a representative tape transport apparatus 10

ncludes a read woi ferbbABSINGE o Figbre 3, A3k bIGBeSHRN Wdghith o4, 2 1 ake-up

reel 16 and a notor drive 18. perat | ansport a tape 20

in a reversi @P@S?ﬁtﬁg"%qu@ér@ﬁp%?PBﬁfﬁU‘F“0 'W%iﬁ@s aaea@wgtqommgderr rom
novenent acrgss daﬁﬁﬂ%&ﬁ@ﬁﬂy [ bd’ fﬁ{&ﬁé\-ﬁg%elam a‘?ﬁ'z{ midtor drile 982MdIGS 22 and

24, described nore thorou bel ow ressurized air fromair source 30 is

suppl i ed to H I° WPEHIVRY % trgps ape 20rp gyevensiple ippeslive sitaetions' ™6 and 28.

Air source 3fapeaz0 b;estﬁfpoﬂw frbisfpﬁowlﬁérﬁém ackdbst thhsatider! B bPriR%hE 0P S
pressurized air resentative dar bearing 22 is

o th e

shown in Fi i sotfza'li E??'Y"Qﬁogkda"%ezindjéﬁgﬂt@gd Mgt thareughbarhelyw.24, in this
first exenplRreysurizboddiimieorh, ait Soursel 38t ie Huppliddy to?alfiieafhgd PROfhdOS4,2i I bearing
22, al though jt peid not So#’cﬂ?# kng ement the teachings of this
“nventi on.  TRERSCHIET B qondsi 5. A 5PYICE 5B £ B B 2N YABrERHBed 1 or
si mplicity. idthe art fhpraviditgyeessuriaedaig to B s?stém air beari ng 22 includes an
ai r bearing nenbgr,. | M 0 us s an upper wal |
32 forned at a t%fgitﬁgé%@aét?ﬁ@aﬂgb%ﬁ) 2%6@ SE?I %Hbé’lg”'fﬁs aﬁhPHIS surface 34
that includde understood dhatfaic beping Panin3hisafict axempmndenmwmw gortion 38.
Por ous body ¢ f each downwardly
depend from Sjﬂysﬂaﬂﬁzlmg%lerﬁg%r %df %ragjile%gﬁ@% %{#'PP@M neﬁﬂ&f) ﬁ‘é&' A dat um
plate 40 is lm meatl thep tagghings 2f Mhisl ipveotionle S has,datdﬂscnmfbntdm} of)am ects
upwar dl y t o Jagygg 324@ G6r & I n at e edge 48 of
tape 20 is to gﬁ‘g ui d Elc.imt%a I '&gﬁ‘? 46’%I és“%ﬁoﬁ@h&% "i u&edﬁg%.a

bearing 22 includes an alr beanng member in the form of a porous body 31

that has an upper wall 32 formed at a thickness “t;" 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 materiat

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. 1t is preferred that the porous

material be in the range of between .01 and .06 in%/sec/in¥per PSlfin. 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



pl ane "D'. Porous body 31 is constructed of of any suitable pg{] us mat eri al
including, for exanple, ceramcs, nmetals and conposites, so | § Z%re
material is sufficiently open to permt passage of air in a quantity and at
a flowrate that is able to create the air cushion. It is preferred that

t he porous WHBVHF48al be in the range of between .01 and POBUSINSHZec/ i n2/ per
PSI/in. This porous nmaterial nay be sintered or non-sintered, depending
upon its conposition, and |ikew se may be inpregnated with a selected
adhesive to control porosity. Wiere netal is used, it should be
non-magnetic if it is 27 April 2004 WH'01/31648 PCT/ US99125421 11 i nt ended

for use with g?{a@n&%c tg@ﬁ nedi a. The preferred porous material is an
al umina sili'050&® thagnefic tapaenedia. T hepraferigdrpreus magssiel isi on of

three parts an aitivica SilicAtMKnDWH = mulhﬂecajch%t 3 BhAhG a4£bnh;§osla R Gr ably
formed of at§eolldc ram;nﬁpe%ﬁr? as alumna. An L-shaped support
bracket 50 i CreSRafisgunpadp S cﬁePBP:‘lm plate 4@jspirieratly faymeda | ower
plate porti omf eﬁébhdlcemn’ﬂematdrﬁnguém@s A0, edges of sidewalls 42 and 44 and
a side plate port,an rien ide side wall 44. Lower plate
portion 63 is ar &y nqt gl%pr?g§HB%@F§'§8L‘%@«§§3§°‘§%%Q Al bearnarmemeer 2.0 air
beari ng sur fBreeke340 Hirada rlrbmqﬂatéaaoamﬂl @ofz&&é@@tdngethéx ISR eddé@. dqibposi te
ends of air . ous 31 of air
bearing 22 ﬁ%ﬁ@ ggz%db%f?ﬂlds? SEg |qlatgé>o e éﬁ%d%' ?ﬂﬁ%ﬂéﬂl‘“&? 't r om upper
wal | 32 and 4dhi-oner gateqmdionoiiip lastualte inashaps anb@smas\ gehélanpparaigt2 and 44.
I't shoul d be, Iy 99,% t =wVal | arates . the interior of
por ous body %?H gsﬁﬁg}a cb léﬂ EP@?]%%% s A9 P4 reg%eccgﬁ%ly ?%ﬁrl]ﬁﬁ)w SMpreover, it
shoul d be urendp of @ibbeal’mga‘aﬁ upper wal | 32, sidewalls 42 and 44 and barrier
wal | 56 are prefﬁgqg) 4 Ateasa! S/ f porous
material . As noted Eo?/vga Q,r@ 4!r'réterl ;ﬁ%g’éﬁoﬁsa’ 9%5'5'8%2 ‘g ‘g‘?sr in plenum
58 and 60 t bapiE é”%"h$%ﬂ@whu%@"ds W@Nﬂwazilsan‘rdmupperfwaibaz iamg which ace 34 in
order to prQsenls Scofpidtbl) ladPbssPbbwlcBAt sidewalls 42 and 44, 1t should be

understood that barrier wall §6 separates the interior of porous body 31 into a

first plenum 58 and a second plenum 60. Moreover, it should be understood

that upper wall 32, sidewalls 42 and 44 and barrier wall 56 are preferably

integrally fo.rmed 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

supporis 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.



supports tape 20 above air bearing surface 34 at a flying hei %
(Figure 3). Typically, this flying height is desired to be Wgzgpﬁer of
.001-.004 inches. In order to seal sidewalls 42 and 44 agai nst | eakage of
pressuri ze a suitable coating 62 is provided conpletely around the
exterior qwghéﬂggarlng menber 22 except along air bearT é? Hce 34.
This can be acconplished by entirely coating a nolded air bearlng menber
22 with a suitable material, such as paint, epoxy or other suitable
sealing film Such filmmy be applied, by techniques known in the art, for
exanpl e, by a spray nethod or vacuum Vapor deposition. This coating is

th d t h | [
bear i ng surf ace 34047t Tatugyyh il fish St Eong BertlosTAAT Bk "o der 10
i ntroduce ai P'af%@%oﬁbfﬂwf B @@@mﬁ'diQMthyrfmsﬁmtamﬂeﬁall Agiatel, dyd @t e 64 of
bracket 50 'ﬁlenﬁ’t‘égé% Gﬁegéﬂ?'ngl a2 fit %“o%é&ﬁ e,}gag algﬁ%tgng%gggzg%t gstthe

pr esence of coatin necessary Sea

si dewal | 44, sidpyal gﬂat Sidgy plate rﬁ‘b\'ﬁ eeayidgdt wﬂla mmmmilaa 666 thahahayrie be
connect ed 1 OcghregReubla osill, foncaNEtii 2, o %ﬂjgg@o%f% tﬁ(‘& bllnd S condui t
e

comuni cating with the source of pressuri zé alr Msoisin
fluid comunfUBPHRRAHNG: Wit theopitich §f Brssuriza alm3®hmmm6|6mlfo guine 3, wth

openi ng. 68 cnigedinunica1aV i Shignh cherban' i hafioh £78358 Wi 0 P! enum

58. The purpose.a g unction of barrier nore fu
appr eci at ed. RRIINGLS gyfeRting through gidewall disq that ainean ne@mita)nlenum i s
desirable t®s8.m nimze the departure variance angle of tape 20 at the ends

of each of bearings 22 and e proximate to the supply and take-up
reels 14 and 16 Trﬁg Igfélnc%pﬁ:gmer wajl S&jean neyw hearore félyar ea of air

beari ngs 22 appecated) aea\taadqomqapnnqm ﬁaés@rd@dtdmémpmtwnaﬁ% deapip reels be
air bear s 22 and

e provi dedomEn (o HERBEE ForBeR AhtlecerJapq ARt i cret P aschatl f ace

portion 36 fhmanbds 22 and P4ttt Breepryximate to the supply and take-up reels 14 and
16, respectively. That is, 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 “r” 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 “r;” that terminates adjacent transducer 12. Thus, as is shown in
Figure 4, air bearing surface portion 36 is formed at a radius of curvature “r,"
that is approximately 0.5 inch (1.27 cm) 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 approximately 45° of arc.



smal |l radius of curvature "r1" in the region proximte to the ;Kgrp and
take- up reels and wth a second surface portion 38 forned at2 é{rzég
radius of curvature "r2" that term nates adjacent transducer 12. Thus, as
is showmn in Figure 4, air bearing surface portion 36 is forned at a radi us
of curvatum® 0131848 that is approximately 0.5 inch (1.27 rofuses/sheit hi s
curvature extending for approximately 45 of arc. Second air bearing
surface portion 38 is forned at a radius of curvature of "r2" that is
approximately 2.0 inches (5.08cm) and that al so extends for approxi mately
45 of arc. 27 April 2004 WO 01/31648 18 PCT/ US99/ 25421 However, it should
be understood that for a material of uniform porosity of unlform

t hi ckness, the flow characteristics of air through the material is
described by the mmeafbr off: snaaaxrs@’wdters\mf e fBPSaS ﬁﬁq&f&t gmﬁqr#ﬂrﬂse@ p=
air density éﬁ!* F) Eo bearing perneab applied

pl enum press Es‘b’pg pnitorg Bucknggs t henfigw &hé@ctetﬁlﬁtfﬁﬁghf @i roughr thef | ows (i n2)
and t = nmat ema@.anbugg@@g@}bg,mge udaeever, it is an object of the air
bearing to float the tape at a constant or controlled distance, that is,

"flying heig bearing surface 34. The pressure which may
be applied tcb#boatxm&ape ifs, governed by the equation P = T/R where T
is the tension per unit wiath of the tape and Ris the radius of the wap
angl e. Accordingly, where "r2" is four tines "rl", it is necessary to

pressurize first plenum 58 at four ti rres the pressure of second pl enum 60

in order to get a uniformfl hei
where $ y -.ma%s ﬂow rate (Ibrn/sec)

P = air density {Ibm/in3)

7 = 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 “rz” 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



be acconplished, naturally, by having separate pressure supplé’;eé fgr first
and second plenuns 58 and 60. However, it is also possible t e HB’Ili sh
the pressure differential by supplyi ng froma single pressure source. For
27 April 2004 14 exanple, a single pr $sure source may be split into two
pressure lines, with one pressure |ine supplying plenum58 and the other
pr essur &RMAle. UMY PrRgspiecsATemay (be split iInte d¥@ prasiare ljess wilh enkipessure
suppl yi fige B Rnieds B ! c| Lhid G& SO
PR ot s e s T
58. The PRSSYEine; sypeliing dlenurhéRiwhuldheqrovded withmarmeessunptedicied officcemithae by
suppl yi gk Blesaiiagy | 4 [ i pl enum 58 from

pl enum 60 @i? porprﬁ@e%%ﬁpﬁu&g%a%%%?jﬁgttﬁe agsﬁg'ﬁﬂpgb%@%& "t2". Wiere the

t hi ckned$epfesgppisvention) theagh, provides a mere simplifiebprooédure By sopplyibgptanem 5gal |

56 shoulyghbgecdtitzedTAIHS Iyl ' | f i | ortion
36 1o fanPReshRzocalkang REERSiHia T8 1AL o0 AR Saih G Tl o et

por t i onh88 asthitkaess Yt d¥kers thethigkness aighppar wiah @2eist " the disiskrissd "of "t," of

associ akefieW I | ' ' - SS

b ough a ohi ot SSsHU e Wk, Bekafieed 37 2BBR0 o BT BRI BYBh BT

wal | pofaurdimeagt the axessyres of ainpesgiag througrssecond corfdie gbstionvBtesiace all' passes
one-fou ¥ ¢ 9] ' I V. uniform

o cushy BB S ARSI 3 ERREm WinJiEHE BewbE A4hE SBRIRLE
Fi gur es Pressuiigomust pass darorgh @xibresnessyofdtiddplueit” eduads tidl toglasa timougth sivder

is sho A [ ' i at wdiLfferent pressures.
In Fi \é\ﬂ’raggd’ogndeﬁﬂn%th%%éaﬁﬂggﬁﬁaal ° @érﬁg@fégﬁ@ﬁs‘hﬁév%ﬁ I&nﬂg if"snglrf ur%rhe %o of a
sol i d betggsuredalincep i pipyidger @iatiyvely undome ait roublidn aith\eesmaiter deepisg sadius t ar y
pi ece hayvhgguABgai r bearing surface 134. A datum plate 140 is disposed on
the bottom side of air bearing 122 and sandw ched between a nmounting plate
141 andV\iBdieference tmfigwes At andLB0 aj sechod exémplary enstuidirdenteofaai duahptesumal |
car bi degy; higr Nt leC et ] FeL i ak. t 4 i
di sposea onrlllg%rhlg ?Hﬁg'sﬁéfg‘g gﬁ%y%é@g&ah%ﬁrﬂi@gr %%H%%%vt\n cﬁﬁrﬂergﬁtgé'%rs %lgrf" s'n;ﬁqppl es
166 andFiggres 5 @nd 18e therg siri hpating i dh stiowe tapd de in te formatef al sdlidalpatyb 28y ofl 23.
Bolts 1 i1 ' . Fi . .and 6,
'ty DaCas THAEHAL G5, QSR Unb9 ThlGEd A, 8 rliGh, pRRE b o i Begnl’

sur f aceSyHcei bif- ¥odaiy plate J48 18 isnesed ar theobottoss sidgueft aic dbepoing 1188 4186 | s

ar cuat esardfiftriea sEledt 8Mouhting Miats 124 HHMERYYSS. Datum Hlaid 13b id Rorkll8lof a
described in the enbodi nent
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 info
a first surface portion 136 and second surface portion 138. Surface portion 136 is arcuate
and formed along a radius of curvature "r," similar to that described in the embodiment

shown in Figures 2-



shown in Figures 2 27 April 2004 WD 01/ 31648 PCTI US99/ 25421 lg ﬁ\ Li kew se,
second surface portion 138 is fornmed at a radius of curvature 7 Apph2004hi ch
is four times larger than "r1" and also that is simlar to that described
with respect to the enbodi nent described above. Air bearing 122 has an
effective JpPBY3I648 | 132 forned generally at a constant eti/usaese: "t 1".
This upper wall portion 132 is defined by a plurality of bores that are
formed 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 136 and passes t hr ough body li§ A first supply port 188
penetrates 144 and i conmuni cation with first air

bot
suppl y bore %5@‘%&&?3}9 SBENAS G‘F% p?ﬁ@“ﬂﬁ’@n's feratatnalsa sadivs eft cyrvaswem f or ai r

bearing 122.“A mlhichalsi four incseredtd @bk %“FHHdYalsQ%QtS IS]‘@'PHIIEF % qﬁétl | ed
parallel to 5 and 6,

el even such (i%?ﬂ@%ﬂﬁ ’??8?@03%9@53&6% @%ﬁ?”‘??%ﬁb@‘@p Mawa"ngdz-?al nost
conpl etely thascargéifdntivy ufRs walloN8R\eimedOGdnerdN) a8 a ke RstaRERRkRseE» bottom

wal | 144 to t 190. The tangent to bores 160 and
the tangent mgﬁé‘?% vﬁ%’;&iﬁ E%f(ﬂ%’[‘g‘ﬂ’}’? ety of ppigmibatiare famedg  sur f ace
134 so agai nandysZ&ebmsmmgtmzsuppl y bore 158 with pressure at four
tinmes the amount 1gf,Rr f y,hores 160. To this end, the
mout hs of air suggl ygb%.r&gs%rﬁrég %t{pﬁ@%ﬁ%ﬁ 153 illgql fromy fopr walh 14Re i n f1 ui d
conmuni cat i @¢r@falli paraliebledirsicsurlage podionMi3s amip4sabel threlaNHEY 3y i24). Second
air suppl Mlpatl on wWith eway 194 forned through
G bl orargia Ty adh CRETHIAARICT Shy (RS EFGARGE onikifel 170 1o

nmounting plate 141 and an open

thus in fl u|°§f7t§1@j-mﬁﬁ*ipea@ltfbhrmaurhsupglypbereldﬂa bAr \myplpfbda@mgsl@@n Ni ppl e
166 of mountdefSedk dirst p;ié!,;l“ | C alir supply bore
158 t hrough passageway . n'x?or eﬂr %ﬁh—g Wlérafi‘lxlo?éaﬁao aRiSHEPIY 45 | n dat um
pl ate 140. ROfSe fﬁﬂéﬁe%mara%ej@plye amih@lmmltoémrmnmsm Boshaivh inli rect |y

t hr ough Figures 5 and 6, eleven such air supply bores 160 are drilled from top wall
142 almost completely through body 123; however, only bore 160" penetrates
bottom wall 144 to provide a second supply port 180. The tangent 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
1o one pressure reducing orifice 131 through condﬁit 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 “ry” is one-fourth of the wrap



conduit 126 to nipple 166 and |ikew se supplies pressurized g#; tqr% h a
four to one pressure reducing orifice 131 through conduit 1 9@“ﬁ%§gle
167. Thus, air supply bores 160 are at a pressure that is one-fourth the
pressure of air supply bore 158. Since the wap radius "r1" is one-fourth
of the wapO%3Ksfi| 2004 WO 01/ 31648 PCT/ US99I 25421 16 RAGISHs4H o

uni form cushion of air is provided for a tape noving over air bearing
surface 134 due to the differential between the air pressure at air
bearing surface portion 136 vis a Vii beari ng surface portion 138. The
structure shown in Figures 5 and 6 pr %ide advant ages in manufacture.

Here, the sol,,d. cast ion 123, may .he | ded and , hardened out of
any suitabl e']aggjrsoﬁs‘ arrﬁﬁ@r{@g Shéond%fs%[l? 5 V’Bﬁ%v@.a%ﬁ%mﬁpgr%’e’ B8dy portion
may be di pﬁelcﬁarisgrsaﬁecb; 084 dubdo whes eifiecatiadbstivebn ahs agl m@&sur%r&t Qfri a:c Itgat
revents t : | . ef, ores 15 0 an mani f o
(F:)hannel 170605%3&%%9'??1%*0?%4%%%5%%%Eﬂggqa%r&?ﬂ i:% exposes the porous
material . Air bedhengrusturé sghowb3in iRigurése 5t led  qurovide bydvaatsigberina machi ni ng
operation t th | : L r_heari C 134 qr by a

f (maifire; [Refeh g 38Rl S, 189, TV bR Rgiadd Bng" 1

suitable solvent to renove the coating. menber
122 remai ns Rasdgned o olawtsuitgble eoraus natérial eg deswibed abpte. aThismgntiraani f ol d
channel 170, JEH Mha9fpet p. : | ri urface 134.
Plate 164 may Epen be r?gunt tej{?f}é#l'ngﬂéﬁ &géftoi%ﬁ”é'ggng:ﬁ%{eerd ‘Pﬁ'?s?eg%é%fﬁ rel ation
to sidewal | mMatgrialdbatpraventsthe npsssags ofcair heredimpugh.hBorasetass 16@andat um pl at e

140 may t hemhesoPehi Ok e t; V] fdat tum face
146. A plurali tg of sﬂ%gggi @gflqmoltﬁcfeoﬁﬁ%? e'gﬂogl 'Lengﬁ]f%é 1azr’f'}'e"'\mﬁl\?)lr med
t hrough dat (fi¥Ppfesttae P_wumaﬁertaheé@ BN SHface d3h maydedhen foymet bgul ar i n

cr 0ss- sect i asitheP& afachiBingWperaidn 18 ferfib Bk thshld a\iorilq]Eﬁ bé&r%gs%lﬂﬁfcés 146.

IgiA,Sdﬁlr: ﬁws @ yor%cqe%a;agie‘r%@restsure tvo bl eedinawa romair bearing surface
g uPE ot NFhL loafemave dbe 6ealingp | Assgrdingls firbegrinay  be
elininated dnember 11@ rémuin@iscaltony eomMgt IEMat all regions except along
manifold channel 170, the 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 poris 148,
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 due 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 an‘d 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



A third exenpl ary enbodi nent of the present invention is shongrén, Fi.gure
7. Figure 7 is a cross-sectional viewsimlar to Figure 4, b o 28R% ai r
beari ng 224 that would correspond to air bearing 24 in Figure 1. Here, air
beari ng 224 has a body portion 223 that provides an air bearing surface 234
di vi ded i n¥@%*¥#% st air bearing surface portion 236 anHCyU§%@g‘ﬁH air
bearing 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 27 April 2004 vm)41/3% 8 PCT/ U899125421 17 and 284 which
correspond respectively to first surface portion 236 and second surface

portion 238 eckive r..wall. portion 282 has thi.ckngss "ti"
whil e wai | BBJr3 Gy h%%esgg'ﬁi’%%?&lé‘ée?y' t“é"f"iqh%%’?‘%cﬁ pastion anhe%"‘fhe

t hi ckness ofecant" surfacei paglien @B&ntesp@dielys Upper walb\potiod 282 hhata pressuri zed
air may pa I r upper wal l ,232. e.to t.he difference
in thi cknegﬁc:l{r)]ge Qﬁﬁlﬁglg%ﬁ%&é&e%ﬁq&seQMEe?ssqu: g*@ﬂzt % BJHJéng? er at first
surface pothigkoasgitt.hasingle gemona58 isther propioietlisonhal pBesstikbzeehatr , si nce t he
wr appi ng ragj ' i Gt L he radi us of
second surfg'lqag%gg%tﬂiégﬁﬂgggﬁ%géggﬁléﬁwéle?&ﬁlﬁ % g"rz'mﬁ"\fe?/[#r%e hg&%ﬂ%e f%or a tape

t r anspor t edthitkapenel walk233, Ihowewsupressura is feius timeb giiatemat firagaiface a sui tabl e
coating mayphigoR’ 2 ish o Hebha it dRRIANIaENPoREyd, IsRBARNY 224 and a
sui tabl e plate providing comruni cation between a pressufized air source and
pl enum 258 WEBPPEW BadiIsofieSEcond Surfaea ppition A38eald fowbtimbsita ragius be present

i nvention, adcdnResiriad® pdifiord &N ' dcatd an, ol . Figures
8-11. In thi sc enbodi men‘% , I%ﬁ r‘}?s'bgaéréihrl?gd"&s%gﬁﬁgyg@i gé@%tf%g\(ljg]tgé a porous
menber 323 FRREPOred dRereaeross wilh eesulimnifethisgersbediment, \dgaln, resyitedle t o t he

embodi ment %mménal}z e provRiRd o 884] tRe sidbPERd oR®Y ki BRITRE" 23%%3@35 an air

bearing surfac ?f having a first surface portion 336 fornmed at a small

radi us of ctlf m%te-qgvadtag'aoranyggem befyeerha Rrassyrizadiaingaigedng on 338

formed at apleang@ssmagi bisempidyed. A plurality of air supply bores 358 and

360 are respecti ell¥I ssociated with air bearing . surface portions 336 and
e fps %

338. To this end, FIBISIGd ohodimgi of the prgsaftdgvention, at the time

of filing this application, is shown in Figures 8-11. In this embodiment, air
bearing member 322 is formed by a porous member 323 that is coated in the
manner described with respect to the embodiment shown in Figures 5 and 6.
Here, porous member 323 has an air bearing surface 334 having a first
surface portion 336 formed at a small radius of curvature “r," and a second
air bearing surface portion 338 formed at a 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 further 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 on a cushion of air that is generally uniform
across air bearing surface 334,



at a distance "t2" that is four tines further away from surf rtion 338
than the distance of separation "t1l" between surface portio%@%ﬂgﬂegair
supply bores 358. Due to this difference in spacing, bores 358 and 360 may
be connected by a common mani fold channel 370 and supplied at a conmon air
pressure. MOYRY¥IBd now be understood that wall portion BIaSaI#2ipass four
times the anobunt of air per unit area as wall portion 335. However, due to
the wap radii, tape 20 will float on a cushion of air that is generally
uniform across air bearing surface 334. 27 April 2004 WO 01/31648

PCTI US99125421 18 In assenbly, the po %us nmenber 323 of air beari ng nmenber

322 and datum plate 34 re nounted between a top nountin | ate 364 and a
bot t om mounti ng fl &FE™S 5%?9%‘?{9“%"65&% §2%9§?'rpﬁammemb@éga£a@dst ood t hat

bot t om nountdatgn piate e3486areCmidLigteb ebepisdn af tobhobhtndChidlcS 384 fMausi ng of the
structure. " iafSRB R bl 65 Pleetls of b B 4 yBuli e frdsiriaed ket
comuni cat edottbmongimtiaglpate 386&oul i phr Bl skedture G idRINgSSF theat air may
and i nto maorangelh 3ephahS e f Ao serdrals” PEcp: BuAed @ Dbl ced
hol es 348 i shruciweeaniy &y mevent, ian mir pupplyanippleindss a8 povideeethanol es 148.
member 323 FatmurRaRE HBEh R bR 36 o plble A8 GBI shabB B e nir
supply  bar dowgbrough minplec8686, thiBiughiberes 36 & thwagh =, aii Suphpbbk 38 appr eci at ed
of  comunt GagiimeSHERI 0B 390, | LR ) §RoMIES it bt ni hg A v
supply bor élgfeaﬁgﬁ i@ maney Smilanin perpobe add fngticreas ilesddtolasoptdnal | 325 and
Phat air oan pase sy condr ARG e 80 AT LURbletely uddH 63945 oui de:
this openi nfi6mbes 2B dyamanags simiey tonihabdesoribed yitg 9espechto. sieatmply agai nst
wal | 327 of bpry raes asmEtetin Pigareasd dpebiiel) RLRSSd BE Appfociiisk fiut 2RP

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 daturn 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 channel 870, 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 botiom

piate 365.

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

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

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

example, 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



is used to seal manifold channel 370, and this gasket 380 is3%?ndﬁdﬁh$d
bet ween top nounting plate 364 and porous nenber 323. Bolts o PHeRY
extend t hrough openi ngs 391-394 fornmed respectively in top nounting plate
364, gasket 380 orous nmenber 323 and datum pl ate 340. The threaded ends
of bolts 36@03VB&§ecured in threaded opening 395 fornmed PRVBSYEEH pl ate
365. Figures 12(a) through 12(d) show four possible alternatives, in
diagrammatic form for drilling the air supply bores for the enbodi nent
shown in Figures 8-10 as well as the enbodi rent shown in Figures 5 and 6.

For exanmple, in Figure 12(a), a repr&ent ative air supply bore 460 is
air bearing surface 434. Air

drilled alo s "A" that is parallel to
beari ng sur?%géi%zfl?ﬁ'n?{\a %Iaﬁ\%? 9?“@&5‘3'9\/6 WihJeepsst tcdatumdage 248 0f 19 turn,
is forned atdaturh platre4d®ubes ARGk eardle] W SUNaEE IBEGH the: APhMINBRRy 446 of

datum pl ate LS A rallel to surface 434 so that air wll
uni formy ff'?@&v“’t"ﬁg@gaﬂpaﬁf’ﬁ“g rtion 433. In Figure 12(b), axis "A" of air

Eupp! y bor ef 560 insFigaret B2ibptaxis ‘WWraif lair ag;p?(]gacaégﬁs_e is tzg'_énw?':]g} ﬁglgﬁlgﬁ:c; to air
earing sur « e, | | fferen e flow of air

t hrough wal Ia?@%Saﬁﬁle aﬁnhg@a{%sgﬁ&p ooéf ﬁg@réng( Bu'a%ﬁeuw'f Q'EES'SWGFBOF atum pl at e
540 and si déifierantighin therfiew pbaiethsaughavaliraas dtaer lotdtion prosadicn RiatoWN i n

ot Tanaout o SSgre ol Pl Sho S B O T Free e T b nor o, @ he
angl e i s ch&gwadisent shewn freFigute: T2(cf Here, sirpipplytiore 686 hakan &tis t her away
fromair beagg i8 bk i S Lnal nmount 662. gai n, wail
portion 633%:i stnﬂtdﬁ-léﬁ%iﬁ%graggﬁg%%e%ﬁa%a u\ﬁl{t%fé‘sﬁgc@&?e&ﬂ@p §'i"ga§e66£' so t hat
greater air ¥l BRfeoHEuRRIIRIS BNQseDER0 that fireomiontit of aio sdpplyota6e0 Gel6 than  at
the outer stuigenbivapdém bt bELAY Surleto®iaa 1BR Bais SRR Bl 6580 1S Tormed

to have a different  configuration than as describe e, air
suppl y bor eA980 Walkpertien 633 is nopinifarmy betwsen datvan plate 64dland Sdw64hat | s

count er bor esb that Hrvaterair tRWIRcurs at a location proximate to datum face 646 than
at the outer sidewall 642,

In Figure 12(d), the air supply bore 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 shouid 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 ié 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



di aneter that second region 774 that is distal to nouth 772. 2%/ .
counterboring region 770 to a larger dianeter, the thickness AQi4004
portion 733 that is proximal side. 742 is thinner than the thickness of
wal | portiqgn 733" that is proximal datum.740. Therefore, reat er air
pressure wiTPO%HEEr at the edge of the tape renote fronﬁ’%‘t‘% | t

shoul d be expressly understood that an air supply bare could have sever al
counterbore dianmeters of decreasing dinmension fromthe top to the bottom
so as to have nore than two distinct,regions. Furthermore, a conic air
supply bore could be provided by dl’l? I ng such bore with a conic bit. This

| d | t t, t Ly, di h
i aneter | not il S ETHERLI. PRI 14EF PR BEA iRt EPRIRBTAWBUCh as that
show i n Fi guege 2B i iraiAed addi ahcm:abeérmtm'eswfhat laa 4F eagtidn howegtion is the
use of tran | . nal,..en the“ espective
air beari ng?yg%&ﬁ n%‘r’ésrt%ggéQ%{gliém%P?sﬁab@ c-r‘a}rg\g22r E‘fqa?é first nmade
to Figures I1Bfeajo dhel tensition ifforR(bd prsdits 35 628 oBéH‘thSﬁml?&éh?thblé’rﬁ 13(b). .
Wth r ef ereqﬁg sdiPe Figure 13(a), it nmay be seen that representative tape

Is trained over an air bearing 22' so that an air cushion 100" is
pr esent. However In airdercim edpiinate dhis e pill, oaf trarisveise bieamempeRZr in t he

region "S" f cushion 100 to
anbi ent pr essu?b& ?ﬁ%ﬁr&ﬂ?@c{%‘é}ﬁﬁ%%&sﬁﬁ @a?ﬁggﬂﬁac%qf‘ésrsq P8verse rib
menber or RGP 1§ Tramvesepibeipment 8Bads mera mcdars$oahat dieaayng surface

34 as shown riorﬂ refdllgué'p‘ﬁl ﬁréﬁbaegto-ﬁr%rsvﬁﬁﬁ&ér & f‘%%néq_b@élo%%{e% geaan air dam

so that air not readi | from regl on Wever since tape 20
i s |ocated é@n%m topiugder rib elﬁi‘ﬂ‘?ﬂ*@éeﬁheﬁ B eésmuu ng@®adingendaps 2@ssent i al | y

no | oadi ng qmmg? Bhagohato 20 651 pA&RORc} BRE Gl Bhridm B3SSCS over out-

rigger elenent 8 Qutri Ee er el enents orrre to have an upper
curved surface SYirgger e S| pay b rf‘é""'W(B) hapg a5y yapen euyedas i s shown

in Figure Xafiade snuatsns ga6wn IBBigaRM J18Y CAIRRARBR! ad R SHowhUhMigiRe 187
| ndeed, the 18%0? outngger 185 can have a planar upper surface 187. Indeed, 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



upper surface it is currently preferred. In either case, it %g q @éred
that the surface of the outrigger elements protrude above th P Ari ng
surface a selected distance, depending on the air pressures used, the

width of tRgy, ﬁi{l%sported tape and the fly hei ght desi relgic,lffﬁ) 9&%}?‘1 tape. For
wi der tapes, projection of the outrigger elenent is gen ralTy | ess

than for narrower tapes. |In any event, it is contenplated that the
protrusion of the outrigger elenents be in a range of .001-.004 i nches.
Turning again to the enmbodi nents desckibed above, it nmay be seen in
Figures 1 and 2 that air bearings 22 and 24 are provided at their opposite
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known as rru|c|o'mpgs|te materials and may be impregnated with a selected adhesive to

control porosity. ‘The manufacturing methodology contemplates that the

porous air bearing body is formed to have a dual radius surface with 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 beéring 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



Alternatively, the porous material may be any suitable cera or
conposite materials and may be inpregnated with a sel ected ad%?e‘%g‘j@%f)%
control porosity. The manufacturing nethodol ogy contenpl ates that the
porous air ‘?‘2@“9@ body is forned to have .a dual radius surface wi th each
portion of d%% radius surface conpri sing approxi mat%q& 982 5'l%'gr ees of
arc. In any event, it is contenplated that the porous air bearing body is
cast, extruded, nolded or otherw se fabricated in a manner known in the
art. After the porous body is forned igto the desired shape, a coating is
applied to aII exterior surfaces of tRat body. This coating may be any
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porous body at a pressure f1cient so alrr Rt he por ous
body and outM¥MiPRe 'élSF'c’W@a{?q ﬁ@ofeélaieﬂa@}’pughieﬂ‘@i the prgsent meet!QmGer st ood

that the driddrmdahyl oe mﬁhg@e@ﬂs%&amwm light ! 6T SR M Bliatl | OW OCCUI S

surface that is roportionate the radi us curvature

for the air
0 Lho . SBOGTAIGNS ALFARGes Fiayiha mads feie aeElan: arbsHment of s on v ||

be created vfresera itaption ithBitederREiRS fofnhPe |ﬁbéntlbg%roh@&t§lé5f1%§%d
Accordingly, the present invention has been described with some degree of

particul ari tl'ife "dMyected to the exenpl ary enbodi nent of the present



I nvention. It should be appreciated, though, that the present ;qughi nis
defined by the fol lowing clains construed in Iight of the pridf Bit08% t hat
nodi fications or changes may be made tg t he exenpl ary enbodi ment of the
present invention wthout departing fr %1the I nventive concepts contai ned
herein. 27 Qgril 2004 23 Clains: 1. An air bearing system adapted for use
on a taﬁ§a¥q nsport apparatus to support a tape on a cushion of air as
said tape is transported in transport direction thereacross, conprising:
(a) an air bearing nenber including an air bearing surface having first

sur f ace Tpor t PEAIT BERINg sydewrrsiapiedifaruse sy a fapg tenpleert apparaiuatao suppod sone

anot her tage bes USSR Qf lairles Qald Ribe: isashspbitdd In FAEEET HreBich HeFddRshs?! T
comunicating with said air bearing nenber, said alr eari ng nenber
const r uCP@ANEYREh that air escapes through the first surface portionis at a

great er (4)l ow r agaif Badriry membé&tinQsGAPES afr%@ﬁ?iﬁ@@ur%%@‘?l@gin?‘ﬁfgtgﬁﬁa&éf}g&r{i%}n 2.

An air bearin sqv)stem adapted for use on a tape transport apparat
suppor t @3d atS&S‘éﬂ $HrERCe peRiop prightedirelative topng angjper insthe transpsot dieagtiom; and

transpoyt) di r ecd bélitcs BESRSGURSES air csmm&hic%{i@Witﬁ id A b%iaFin% biped pr
I ncl udi Bg‘?an air bearing surface having a tfirst surface portion’ and a

second SERANGWephet comstrucied sich dhgtcair escapee dyaugh the st swiaeeportion ismt ani t h
sai d ai freaesToRGrafSARBe bir 1 bScddies froRPMEIsBELHIRSREEe SBABKT uct ed such that air

escapes through the first surface portion is at agreater flow rate than
air that escapes fromthe second surface portion; and (c) a plenum

associ aped wWahhirstafng sjstORaidapRd 1B TReona @pk @nahjs;g%rfrja@eéw&ocﬁ}gﬁgg raw th

sai d soyrce of pressurjized air, and whereln sai aring has a
wal | wi FaReotRa QshioRc 3ihap seid faperis (radseetadiin @ dranspordiraction thepdasrsm and
wi th anceppesng.e surface thereof defining the air bearing surface, said
wal | being fabricated out of a porous material, a first ortion of said

wai f untfdr | yARGIrtRsanng mamber inciiding,ah air beateg mgfacei having a firsh surfanedeion

porti onasd a seedridi sMake BBABR] Yi Ng the second surface portion. 3. An air
beari ng,system according to claim?2 wherein the first surface portion is

formed (Bt a2f§OLEGe plapregsurzed Al caPmpBicaling wite saidhair heareg sirmmbsir said cair

por t i onpéaingomBRBeR tofstRRRANSLCh that air escapes through the first surface portion is at
agreater flow rate than air that escapes from the second surface portion; and
(c) a plenum associated with said air bearing member and in fluid communication with
said 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 waif 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 adapted for use on a tape transport apparatus to support a
tape on a cushion of air as said tape is transported in a transport direction thereacross,
comprising:

an air bearing member including an air bearing surface having a first surface portion and a
second surface portion and including a rib disposed at one end of said air bearing surface



radi us of curvature |arger than the first radius of curvature.{,ﬁ.. ?ir
beari ng system adapted for use on a tape transport apparatus %o %rﬂéag t a
tape on a cushion of air as said tape !2‘,_2 transported in a transport
direction thereacross, conprising: an“air bearing, nenber including an air
bearing syrface having a first surface portion and a second surface
portion %Hdeﬁﬁm'%m@swm% theregeresy said oite extanding ypwardi frobedird Mgatng f ace

27 Apr i lou¥argfioguhatived Rk NGy of B TResebos JJWRE B ASfes fdlefvdil Byt ending

upwardly fromthe bearing surface and operative to resis air
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5. An air bearing systemaccording to claim4 wherein there is arib at
each end of said air bearing surface and extending transversely

t her eacPoss. A9.airkeatng sydemiaseerdipgtte plaine davheireiy these i afibraticauhesnst of saigi d ri b

ext ends gippeanst durfac8Zhd LRen8Ra Y aA i ght of between .001 to .004
i nch (.026 toﬁal. 02 nm. 7. nAnaai rg{)ezggrlgﬁ]ggﬁesa%%gm adapted for use on a tape

transport apparatus to support a tape on a cushion of air as said tape is

transpogt ed AR of Beraﬁgiﬁ ﬁ%ﬁém‘%écﬁ‘@fné%cl’a%&%‘?&ﬁ %ﬂid rfb%d?il@@éar&sﬁr?rﬁn air

beari.ng _nenber inclu an alr bearing surface havin ace
por t i ontgrReaAENg LR ahwight ol bptween o aied0Phivch ¢0RG tal.D2 myn). pl enum
associated with the first surface portion and a second pl enum associ at ed
with the second surface portion, said air bearing nmenber constructed such
that aif-at ANRinhearing aysieir adapted fer Usposta tepe fransnar appasatus totsuppettlar ough

and out tpt éha dushdh STUif 88 8aROfbk 98 t@REndHdd Al Sh dirl ﬁ)?nsﬂ’lg-:-gecaél%sg,he

g
second | enum wi | | pass therethrough and out o? ﬁ'?e secong sur
porti onSCBHPEND) a source of pressurized air comunicating with the first

and sec@)d pheBkBBakiRembERhciliig %hfaﬁtbeaﬁﬁﬁ&w&egw%v% i surfapg said
second gqufgssurg whereby air wl| (TJI ow t hrough_sai arr bearing nenber and
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al ong th first and second surface portions, respectively. 8. Ah air

bear i ngP@EPRERLELFAISTYCled stichithgtainAbAdirst Preaswse rin ee firsh plenunt willepass

therethrough and out of the first surface portion and air at a second pressure 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



arcuate in configuration. 9. An air bearing system accordi ng é?ACL@QE 8
wherein the first surface portion is formed at a first radi ug 6P at ure
and wherein the second surface portion,. forned at a second radius of
curvature different fromthe first radi“ls .of curvature. 10. An air beari ng
system acc?rdi ng to claim9 wherein the first radius of curvature is 27
April 260Rssthakihe sepondyrdiusial cymaliRl radi us of curvature. 11. An air

beari ng system according to claim8 wherein the first surface portion
extends  for about forty-five deg_rees of arc and where the second surface
por t i on Tdxt eddsalf Bearifgotisters geegrainpte ciirg réewhersin thedirstisirfage paition extenidag
syst em a&CsHdli irdBa/ rgi ! { i r.J f | cat ed
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wher ei n '@&-ivedngsens of@erial is selected froma group consisting of

ceram cs, netals, and conposite materials. 14. An air bearing system
according to claim 13 wherein said porous material is an alumna silicate.
15. An é{ar by Aih Peing &ysiept ecenrdipotie dhim i Wheveir edid aihbediing meantsbrsecond
pl enuns fajrRatcdRRALAA BOrobY nfatéHari di ng wal | of porous material, said source
of pressurized air being directly connected to the first plenumto supply
air at the first pressure and with the second pl enum being pressurized by
air pasggng r : ; . rdi ng
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mat er i affodd GRURFONSIBIRGOf gemmicS drriplst anshcaspasie msterigls.net al s, and
conposite materials. 17. An air bearing systemaccording to claim7
wherein_said source of pressurized air includes distinct first and second
air supﬁﬁi es ARAl bRering syeparmcepidingstaciaim 13avhereinssid poroussmplerisl is bei ng i n
fluid canmifg Sifiddte@n Wi th the first plenum and said second air supply being
in fluid comunication with the second plenum 18. An air bearing system
according to claim7 wherein said bearing nenber includes a datumface
oper at i &, t o Adefid fegyri ' feRdi LdrSi i.d 1 ape,
said datum face or] 2%? %gégﬁr?%géﬁgg@ﬁ?ncﬁnéﬁeﬂﬁg% tﬁgﬁ'%g%q ?égﬁ%?gﬁetnﬁg{sdaré
trans po??pa(ﬁ?tfeaé)(yi Bffividing walhofporoyematatigl. Spist sawesefoprassuized atr Ibeing di@ctly

wher ei Neéritec®idr tolBE Fitsh Blehbiid BCRipb air at the first pressure and with the second plenum
being pressurized by air passing through 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
materials.

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
communtication 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 parallel to the transport direction.

19.  An air bearing system according to claim 18 wherein the air bearing surface is
oriented at a large acute angle with respect to the datum face.



oriented at a large acute angle with respect to the datumfac 27 A8ri
2004 26 20. An air bearing system according to claim19 wher nARYid ﬂarge
acute angle is within a range of seventy degrees to about ninety degrees.
21. An air bearing systemaccording to26laim7 including a rib disposed at
one end of said air bearing surface and extendi ng transversely
thereacross, said rib extending upwardly from the bearing surface and

operati to jiSt . i reacrqss .as .t he tape noves  thereover.
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each endarngle o aedentpdegrbeata atgpus ninélyategesed. ext endi ng transversely
thereacross. 23. An air bearing systemaccording to claim2l1 wherein said
rib extends upwardly from the bearing surface a height of between .00l to
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si de of "fe%&’ [ecor ding head and a second air bearing nenber disposed on
anot her "transport side of said recording head, each of said first and
second air bearing nenbers including an air bearing surface having a first

surface,portiQn.for a first radjus.of curvature and | ocate roxi mat e
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formed air beasrersauntice add estendihg dransadrsaie thepshcraysat ed proxi mate to the
recordi ng head, the first radius of curvature being snaller than the
second radi us of curvature, each said air bearing nmenber constructed such
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a cushi Al L. t ape Lde; b sour ce of
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air, an ‘aid air bearing nmenber has a wall with one surface
t her eof (@)n f | uiadfirsainbesariogtnenber disposed on one fransport 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 portion is at a greater flow rate than air that escapes from the
second surface portion. '

25.  An air bearing system according to claim 24 including a plenum associated with said
air bearing member and in fluid communication with said source of pressurized air, and
wherein said air bearing member has a wall with one surface thereof in fluid communication



27 April 2004 27 with said plenumand wth an opposite surfac hefrgﬂ))f
defining the air bearing surface, said wail being fabricated'o rl 4
porous material, a first portion of sa'#? wal | underlying the first surface
portion being thinner than a second poftion of said wall underlying the
second surface portion. 26. An air bearing systemaccording to claim25
wher ei nWitiesajd plepurg @ndl ydl Foernasiie syrfadecthategt defining thesair beatingssugeice, Lraidat ur e
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air beagy 3 ' transversely thereacross, said rib
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extendi ng upwar from ring surface and operative to resist flow
of air thereacross as the tape noves thereover. 25. An air bearing system

. accor dpgg t ﬂngiradeg}ig?%!rﬁﬁ %E@or&i’ﬁﬁ&&cl%ﬁn 25 WhBréd th%%&ss‘ﬁﬂ‘ggé’&xrﬁ]&il goar

bearing surface an 3 ng transversely thereacros al'r bearing
syst em Ewed @t @ffirsloradiugi ahcamaiie rad whesei the Beendesuiface padiod| iy farmed attehe

bear i ngsgadnlasaius oh&irtdtiredhrgBFIYR 8% ArdPRAdRS of B0datfunch (. 026 to 9.02 ).

27.  An air bearing system according to claim 24 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.

28.  An air bearing system .according to claim 27 wherein there is a rib at each end of said
air bearing surface and extending transversely thereacross.

29.  Anair bearing system according to claim 27 wherein said rib extends upwardly from
the bearing surface a height of between .001 to .004 inch (.026 to 1.02 mm).



