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ABSTRACT:
We di!ontss tll•• d«ts of disk ~I ••_ and i••••rlia l••rlD" on tll•• I"iag aftitlld •• of a air '-ring
slider of the In'" IBM 3380. T,", 'lI"_re _ding 011 III•• 1•••11011I surfac ••of t,", sIitk-r is ~minE'd
b)· llOh'ing • modiW Jl~...Ms<'<,.... .·hi.-ll i•••.I•••J..,. a Ii•.•••onler slip Nlrt"<'t"tionlo tak •• into
IV •.·nunl rar ••fi,.,fl'll'•••..t..•. -n..-a,·~ all it ,III<-i!' IIM-Ia •••••••• ·lIIi •••••1frolll a 1.>aJ"Q("Pnf mUllwnl", IUOfmd
'h •• arln .lIadun ••••' ,><>int.It i!' r.•••"'llh ••1 .J.r ••••.•..•·1nr ,1i.<oII,..•••'1:"_ j,. r"I""r slltall at th•• slid••r
"'orking <'nnclilu-. Tbt- ~,ia d •••..•" i•••.••..•..••.•Wot1yitot:\t.Mgh. few"I~s at _ l'ke••. ang'" or
alla<'k.

RESUMEN:
Di.••••••'imos 1"5('(c'("tcll".1f.I. rla,:<,..j,fad••••1.1"".•,,· ,If-I••" ,.:.min ••••i_'f'ia,", ~ ••.e II' altnra ~ ", •.-In
"0 palint'S dt-I lip<>IIUt 3.180. 1.1' ,or""•••••••.• oa•••••j;<>l.,.. '" •..ara iolNiur d,.J ,oatin se r~....J,·<,
u"",•••ln una u)t)(\ili.-",·i(," c\f' Ia ••••"" •..••'" ,IP 181>.·;.·"•..;.•••••••••. ,·•••,lcIs. "••••indoy •• la <'on•••..•..;.·'" <I••
/"i •••<'r ord"r ••n la •.•••••I;.·if•••,IP •••.•"""'i:ram;,., •••• ,1Mti<1••• 1 I•••jo. ,.U/JIf"I"O "'" ", ••• Iset•. I", 'lOl'i.-j,'n
de' ,,,,t in se <I••I<>fn,ina<1••11•••1a•••..••"'" ,--, •••• lr""\PoI,,,."" ,,,,,,to ••••pi,.•••••.St- ••,,<'_ntr. "' •••
I•.•" ••ftoc-"•• ,J•• I" ro,;."."I •••, _ OJ•••• in."" •••••••,••• ,_a ,·••It••.;'I••1.... llAja". A.I.-wM:. In<oI~rlnin""
i••••rrill Ic-sa II,_,,'a •• 110 .1' .r. cJ,o,.•••••• ,. ,.J ••"""I••<I.- ••• "" ••••.

1. INTRODUCTION
Th •• h••rd d~k "'_gRfOi K ••••.•••.d~ ~>Ioto. r••••••••••••" ••••••.•••..•ing air-b.-ari, l'Iiekor•. IIKh "'Jl8
th •• r••ad-wri' ••ma~"lic b-J at • 'W)' ckJE;pdisla •••..••to ,Ia•• r...-or,jinr; surfllCt'. n l~ I"" 33..."0')'1"><>
slider lhe air is cOlnpr~ k> al>Oll' two .hl ••••' ••••••."" in its lwo taper a~" to "'OOIK'f' enongh
lift to k4!'E'pIhf' sJ;'1C'"rfrOiDvratchi •• ,,", r•••.or,l~ ""rf •••..••.Th •• taper angk> is C~'D 80 th ••1 the
rornprcssion .t tlee (ronl of' "" slider is still '••••••••••1 at \'''1")' SInai! disk vf'locilies.
Th •• Oying .ltitude or .lae!'sl~ is obtained f•.••", I••••'lfno;sllff' arling (lIII tit•• air-bearing surfllC'e.
TI.is pressllr(' is o..s.·ribed I.y the Rt')·noItIl' In•••.••.•, • ....-tioll. The equ•• ion is 11II approxima.
tion La the rompre'lSil>le Na•.ier·S~ ~.tw- 1...-1 011 -slittiblr vertKaI pl'ftSUff' gradientl'
and temperalurf' wariatioRs. A lint ord<'r lIIi' .-orr...-lina is ietrOcfIKf'd into Ill.- eqaat ions to lak ••
into accoonl rarelWd ••lI'«ts, Wf' Bnndarff-r I). ,\, ft,·~ hf'ights bfoIo-. 0.1" tll.- conlinuum ap-
proxim"lion h•.• La he disc.rd...t "n·r a n••••.~inu is .\Pri•.ed frolll tIN- Boltzmann equations.
The result of lhi •••••• I,·sitr is _ rr",I,I;..,t R••~·~ •.•'0.'••••(~ Fuhi et aI. 12)).
TIHo adual pitch aDJ&". roll angle and ")'illS ~ht.. .••••• ~mi"'" frORla nKJl8eltt ~ around
the s~ •• pnial. _ D«kni /31. n... pitdt •• ~nu- tit•• rdiohility uf lite desigw. sinf'l'
it insllre. f'om•••.--.. UN .- it &liepik'Ie -.tIP _ ••• 1_ "f'l{a.iw. ~ •••• i•••••Iyintr:



1K-ightis on~ of 11K"illlp<»ta.t pllran.f'tff5 whi<-h.1M••rmilH' Ihe bonadary width of tll•• r«ord..d
hits. A smaliE-r tlying ht-isilt _11y If'ads to highn ....-aMi.« cknsitif's.
For a COllI •••••••• di!ICussion.,f ••••• lribo&oK.va••• Jllt'("ba••••••of lQag~ stora«e df."·ic«'Splease r••r...-
10 thf' ree•.ftl book b)' BIIlI"b•• I")·
hi this work solutions 10 t~ I.bricalioa f'qualM>. _r.- olotai....d from a Fi.i~ EleMnt Code
.h~h indudeos a simple -.It rt'fi...-t stra~·. T" resulting eq.alioau _r •. 801ft<! using a
Nf'W"ton'sappI'OlVIt. 1'b.. r<'Sultingsystem of -:'lill4"ar f'qllations, for the prellSUreand 11K-angles
tlfte soIYf'CIBing a pl'eroIl.JitiolM'dGMRES n••••hod and 5,_" mains 6emiques.

2. FORMULATION AND EQUATIONS
The Ile)-.old!: IlIbr~atioat I'quatiou _Wi •• t ••••lirst ord..r slip corredioa reads

IJpIt~·I,a,,~,+.~P."~'_G,.V,.AI= 12,r8i"'

}IIote'tllat the dn-gt'n« is lak••• _Iy in I••••iM ••. izoatal 1.1a•••., -- Fi&.
syst..m.

2-tYl...=A..-.
if

aristof:rrom .be slip corrt"<:tion to lhooNa,'M-r-SI,,\;..,..""l"'tlion, III I••••nilnM'l'kllI r~lllts ".•. \IS<"
IT = 0.9 which corrC'!<l'f.n,Isto tl.<, 1IIi"<"OC"lT••·if'ft1 or air on glMS, __ S"uslran PI',6i~ 141, Slip
~ffit:i..nfs for air Oft ma.;n('~ .Ii.,k lI\1~ ••••• _I a\'aa..I.It-, Th•. R")'Dolds equation r"<Jllir•••
boundary dala: it i5 ('ulo. ,af)' 10 tAk••Dirir""'" """AfIAr)' ",,"r1ilion1'all<llo impo5f' th•. pr<'SSureto
be Ute llntbi..nl f>l'5!'ur••. Se.. the work b). 11m.•••••\\' ••I al. rnr ru,I"'" discussion or this assumption
15),
~ equatioas _Ian dett'rnUne tht' altitud ••of Ih•. slit)('r Ar•.



~r~ "0 = "(0.0).
Th~ mean rr~ palh a«ordinc &0die OtaJlUUW-r.-kac •••• lIl!ion ill

llnd~r norm.1 condil~ tlUs r_1ts ill .\" = O.oroltp.
Tlte ann .U.dIllMOnt it< c~ seeh III•• lit •.•sIidoorrapit",. .-poads to • .,. possiM...u~itiPs ••
t~ disk witbo'll dAmat:inr; it. This _Its in •••. " Imr spri~ ee.slanls i. l~ si_lalioa. tit 15
hir;h ac~urac)' • nHdN in th..- comp41tatto. d_ to •.••••.<!'Ilal••••. Tit<!' ooly stilr_ shoald b..-.
lh •.•vertical motion so lb.' tit<!'magllt"lic fi<!'1dgrn~.I<!'d I.,. lla•.•RCUl'dinr; h<!'ad is .~II conlrolkod.
In lhis .'ork _ ,..in (111)' c~r !I••.••..ty stA~ •••••ulion. ••.

Tbt- f'<lultliom: .·t"r" tliscr ••lizN! woitar; lriAn~ ••lar •••••"w•••'"••/111, ••••• fner and six~. TIt •• ",i:
n~ fonnulnl ion ..- ;""'I",nul~rie ("1..-n"'1>1", .'/oieb .11••••"" f••r .·un-i1in ••••' bnuncla,ies .11'1 J'O!IE'ihl.·
bolEos in t ••••dt'Si~11.

In soIviRf; Ib~ R••)·noItf·,. lubrX-alioa f"CJ'Iltlioa ••ilhC'1' l' •••. II••. ('omhiHAlion ph could he -' •.••
"nkllO""". T •••• " •••• 0( ,m has ••.•••. Ir •••••.••li ••••• "", ""'Ily from II••• rail sid~ and is mnr"
('oll\"("n•••••t for In" lit",. dr,~...J-t ........,.utaJi........ Tho''',;II. II,,, rt""'••II",,; ('I'll io:..tigl.t1)· hi(r;bto.-
In"l1 'L••inr; onl," ,. •.••• "/;lImn1.

Th •• "et",,1 .h.-rl<'lin.ion w •••••• he •••••• 1 ....mg C;"lrrki"',, "1'/" ••••••11. (:\ "imil ••r "od<' .·lIi •.1l doc'!'
1101 "oh'(" for 1II,. ••II it lit", although it.d."I"" I••~I •••••••••.•••.•••••Ii<m of t b,. slitel••r ••.•.••,j••,·••I",....l I.y
ll""d,ik,, (6J.) r.•••.I, '''.11I in I•••.R,.)·••••••I" "'/II ••fit,. ••."" .I;"',•.t;".-.I in Ih •• sanK' •••••nn" •. A "i•••il-.,
dis •..•E'tiza.i ••••••.••" ,"'t'd in I•••.•molll"'t1t f'<lu••tit"", t •• )·irltlll ", •.It•• non-li_ar SPIlc-t1t •••ilb ullkn ••,ns
,.. 8. ') ••nd Ite-. Th •• rl'SUltiRf; Jarohian ""'I'••...,."'''r'' i",·•.•.••.•1 "",iRf; "Iher • 5''''15(' matrix soh,,,,
dt"\'("lop<"d 1». Ea..- ••••tAd t"1 .1. 17) and CMRES ••.ifh an i•••.••.'ml'~ Lll ItS pr«oncliliout"r I~J. T~
"'par~ soI~r ;,. ..tighl\)· fa..•••~ for m.tr~ of "I' In 1000 nnkn<-.s, bul for larr;~ s)"",lt"fIlS ti~
il4!r.li, .•.• lnetbod ~ ra.•••t'T. ~ Fir;. 2a. I••••.• ~ I•• "", .•• CPtl tirn4!. tIM' !<ti&:ness "Mlrill "'''11
asse-mbWd only -t")' fo.r to 'Y4! ~it.li ••""'.



TIte .1IDIb6 or itnatioas ia G M RES did ~_I 011 I~ ••••• ...,. of "4"('"(ono k~pf ill t~ ort~onaJ..
izatioa prCY.-.lur... F~. 2b shoa's Ilwod<-fl"'",knrf' of II", n••••"" of il•.••.a.ioR lOr _r)'iJt« na...wr
of ortb.>gonaliul;.. •• ' .•.do •.••for 109!) unk •••••·••..•.

• W • • • • w
Pig. 2b: Numl,"" of il••ration \'$. IIlInll •••r or ••r."o,::r>n"liu.ion v•••.lors

TIl •• c::~ has • simpIP wliJKI.d awsh rt"fi•••II_I. \n ol"<kr .0 df.lf"rmiw~ •. h" triAJt«Jt.s ~ 10 bE-
rl"fin.d, • IkliliollS IIOd.. is iwtroduc::l'd in th.- f'f'tIt••r of p.,..I, Iri.llgk and Ihl" R~)'DOId", luhric::.tion
<'<Iuation is "'01\ ....-/ al tbis __ poinl, usilllt ••• I",nn.hor,. d"la Ih~ v&i1K'5oll~ prl'SSur~ al the
c::ornt"fS ·:.r th •• triangle. "'h~ Ib~ dilferPIlc::•• h..lw ••••••Ihis val.,.. ,,,,1<1tht' val_ of th.- inl ••rpolant al
tlwo c::en.er is greater thau J~ Ih •• tri ••ng'" is di,·i<J,.d i•• pjlh.-r ) or 4 triangJt.s. F~. 3a ",110'" Ihe
initial D1~sh. Fig. 3b shows the ~uJt of a 0"",,1, r••fin~lIlf' ••t pr()('f'<lur~ di"iding ••kh triang'" iu 3
_ trmngles. _hiif' Fig. k shows Ih •• r•••••11 of .",ing ~ ••••• 1riang Ies. It bf.co,"~ (''''.r that l~
secoad approach "'ads &0 britn meshl."1i.



In this lW!'rlioa _ d*'- I\sf. ot.u.iMd,.-suits <I- t., 'C>ltltla_ 1000 ••••.• ia ~Ir«ts.
4.1 INER.TIA EFFECTS
Th~ air-flooa' al 1It.-••••ra •••.•~ of tlM- tafW" ~ I•••"'lI:-wd •• l_Iu- ••ion.1 011 a ~ of t \sf. \.apE'f
h••ight. ThE' air •• ,..rti.ny ~I...t ~ ••.•,,. •.hi•••• _I am ••••Rt is carried by t\sf. disk Uoo"
I~ ",lid"",. AI tit-- "'a~ltatinn f'<>int. air ,_ ••••rito-.- ••~. '''' ", •••"",t rorr<!'SJW>"din,.;to 1M d)'8IOmie
"r('8SUN':. A ",inoilaT rw ill "'<"S>'''''' 0"("1t"" for \"<'fy •••".U ' •••••1 glOp". Le. "ery Jo.- local RE')'nolds
DumhE'r. and is __ Il~'•••n •••••1 'anl ~ ••••• (5"'(' ''-_ •••• 1 "I I!;/). 'J1R< situation partieu"'''y
.riM's in s1~ .t w•.•n,.;'" nf oUt ••• I", a"'I0)· f~ t••••fr••••• f.afX'l"S,

w~modify t~ JX"I"ur •• aInafl thE' ",Mks of t" ••i•••.••.•t.w- int •• .-counl the ram ~1I'«t to lE'ad

I , pi', =,. + "2'." +<"T'
wh~re U is thE' norlnAI ro~t of tile ¥donty at t" boundary allCl It is thE' distaace to 1M
disk. Th••constant C is taken to be C = 12,~. to iiI t~ data publishf'd iIllSl,
As the skew angle incrl'a5f!S, tlw taper becOlllf'S '- ~1I'«th~ .nd the minimum l)"iag ~icht de-
('r~_, •.hiletit •• pilch aR~1e incre_. 11lf' r_ ~fI'f'('1 ,-"o'nes then"ell 100ft importanl ~
dudllg an inc._ in t~ nllni..- •• heisltt aIICIa d«r ••_ in t~ pitch aDf;1eof t~ mlulioa without
the in~rti. ~trf'('ts,r~. 4a showo thE' pitdr vaJ-s and Fig. 4b show I••••roll vu- for Dirichlet
PftSSUre data aDd for th••~ ••.•.ftl_ iRdueliagram ~.



••• Ie ••••

Fig. 4&: Pilch anglf' for vl\T)'ingsk('w angko

In tltv- ~t ion ••.•.pr..,...nl 50' ••••• """It" of rOllltltn"",'on nyin~ hf'ighl, Tb ••r•. are lwo differ..,.l ("IO.~

in the c&.~ of rougllD"S.<aD<!tltry' arisP from II••••••"'!i,",,,,, ,'ahu"S of lite bearing nunlb('r

and the !'izt' of the roughness. Typical Duml>efl'for th•• hr •••.ing number art' around 2000 "'hiko
hard disks can be polished so that the ~Ic to vallt'y "aluf"Sof the routp;hness is around 0,025".
~ aclual holllCl$~ equations call be round in tb•• work b)' Gret'ngard 19J. Our simulationsrau .to t!at' case In wlad IJ is much sllI.llt'r lb•• A••• h••f('
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Fig. 5a: rrftlSVe a)nllg ("••n~r of rail for Iongil udiul rnughn_

filially, fig_ l)b shows t~ 'Rininlllm ft~-i••g b~ht \"s. t~ 8, the .a"t" BUmbfi of the
roughlless. W••sho••. rt"SUllsJar L{f = 0.4, 12. 2·1.·IS.96 aad J92. 'I'M JarS"t CODlputalioit i.vokes
1)0128 noot'S and 92496 ~Rt!'.

• •• w ~ UI
Fig. lib: MinimulII Il.\ing ~hl n. II _ Ionll:itwclillllirolll(h..-. for hm ditrt"rf'nl rOlll(1uKoss
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W••Ihanlc IBM Argl.'ntina for providitt« I~ support for lha: •••.•rlc. ~ aJso would likl.' l-otbank Dr.
Andres Saul, Lie. JorS" Sobf'hu1 and Pablo Dmilr,,1c rur int...-titt« discllS5ions, Dr, K••n o..dIert
was kind ••nough to pr_idt- with ••••••••.i•••••••t.1 a••<1__ ••..•1data wlUd. _ lI8l!d to valid. the
current remits.

NOMENCLATURE
distanct' beh,'ffR I••••bottom of tit.. !'Ii<l••, 10 tit.. rotaliD!; disk
~hl al l''luilihriulU
roughnf'Sl;
slid••r mom••••1 of iAmia for roll an~'"
slider n~1 of iltft'tia for pitdt angl,.




