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The present invention generally relates to the nmounting of \ Q4750
assenblies in a disk storage system and specifically to the control of

vibration in disk drives with a rotary actuator-based posi il

mechani sm 10 Background of the Invention As track densi tymwwﬂmmmmummk
grow, the vibration-induced track followi ng error conponent is*@;%g,ect ed to
beconme even nore critical to the 15 operation of a disk drive. To achieve
the expected futupes:damBiteOkyaay s Bolfirig bystrBf Tod" £al denstt track
density of 50 thousand trackKs per Tt “KTP 5o Irectettorpar-aa=ts
present 20 kTPl design point. However, at high TPl (e. g., above 20 kTPIl),
t he i n-pl adeckuiral aFizddogforbé Makeltioat at i onal vibration of a disk drive,
hengeforth referred to as "theta-dynam cs") wll energe as a dom nant track
m sregi stration (TVMR) conponent. This is because a hard disk drive (HDD)
with a rotary aCheagiresemsyshesitiion hjeghtal 1950RSideb¥ed Pnd ek at i onal

vi bration Q%SJn&ﬁ'ba%%pL &, A sol ution tget he vi br al??%nmogﬁ%] eélgtehe('_’:‘%}r)f{}ﬁé
devel oped along 25 severdr*di"SErpt iHBEE™ ARA FPRGLiiadhy fovtlie goutolsyst ens
to sophi st VtaEdoR v éial doiveshnith kowraey, aquukesr-basdd1@opit@seMg | NVenti on,
none has beethamathsfactory, |et alone optinal. A conputer system may

i nghude one or nore disk drives where each 30 drive contributes to the
total vibration environnment. In addition, the conputer systemitself may be
subj ect ed BRI SE e Imjemtiwi t ati ons. Head positioning accuracy in a
disk drive is-prone to both self- generated vibration and to vibration
generated by an i jye ar other peripherals attached to the sane
nmount i ng sér#ictﬁ% g%,%\lgﬁggﬁwgr fgré?lvr\lnu?ané’ %%wr'o % Y BrRISR o IHech &RRSm
produces sel YV DrEATTONCRAPERD ifeetRastedl torbeéame eesulmbingriviear 4 the
spthdl e meceeratbal afice disbdutiag Ta mﬁeosli&evg,a;ea&'wrfae&ré Hsma%fSSPLz%te? and
2) actuat ofpis@eker-8gCtineR 4 FQiuci ransi.ent nam cs of the

basepl ate.__ iﬁ 0()1‘?4 758 2:%%_9@.@;@% ~£&%°Ir'5(§‘7n(§é5’0/ﬁ §°i§6‘°"f‘ﬁaé’§etﬁﬁffs
conponent £ e "G, “Ehtndf SFEES SoRPRAIcEnER tAAPTRSERRI26r kERIeResign point.

However, at high‘TPI (e.g., above 20 kTPI), the in-plane (theta
20 coordinate) rotational vibration of a disk drive, henceforth referred to
as “theta-dynamics”, will emerge as a dominant track misregistration (TMR)
component. This is because a hard disk drive (HDD) with a rotary actuator
system is highly sensitive to in-plane rotational vibration of its
baseplate. A solution to the vibration challenge can be deveioped along
25 several disciplines, ranging from novel mount systems to sophisticated
servo algorithms. However, prior to the present invention, none has been

satisfactory, let alone optimal.

A computer system may include one or more disk drives where each

30 drive contributes to the total vibration environment. In addition, the
computer system itself may be subjected to external seismic excitations.
Head positioning accuracy in a disk drive is prone to both self- generated
vibration and to vibration generated by another disk drive or other
peripherals attached to the same mounting structure. A disk drive with a

35 rotary actuator mechanism produces self- vibration due to mechanical

' motion resulting from: 1) spindle mass imbalance producing a periodic

vibration of the baseplate; and 2) actuator seek reaction torque producing
transient dynamics of the baseplate.
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reaction torque) al so produce vibration of the conputer chassi s;\ﬂnéggpl 2004
turn affects other storage devi ces attached to the same chassis. Thi

effect is r¥PHMHEYSt o as "enitted vibration." Likewise, the RGT/GBOMAF47%) v
interest is subject to "emtted vibration" produced by the neighboring
units/drives which can be viewed as an extgrnal |l y-inposed vibration

conponent. Hence, a solution to three vibration challenges (e. g., 10

sel f-generated vibration, external vibration, and emtted vibration) is
mandatory for a hi %h Eerfor mance conputer storage configuration. Hitherto

the present invef936n Ve GERPSRSEEF utS 8n FRANHGE "B imbaiange gr atfarakof tsgek

not ed t hat tmtpvxest@nwgeamzatpromaﬁ vEbistiambE3time' ca@dtai—dcldalssks i ¥eSin

(HDDs) are dgsi Qf@e‘itgoo@ﬂgré"’écﬁ‘abg &QEE@lagt% dd@bS%R% Osg]{n ass:.s

envi ronments,_ respectively. To reduce cost an SAbht eFtRyst em
manuf act ur e?fsfeﬁpf cﬁFf“y‘rFQb‘?‘? @&t eeihEed bt RRAdAe | @*?"&ﬁé u‘thel Aydvegof hi n
structural irewiests isTherjebors “emdoeputidirat faanepiciuded GFPERARE Qo Chg Whi ch
mekes it SuReRyaRhes 1whithPIAL LN 19l b Aa MUBLLNG ) 0@89&& %E}%‘éé 190 makes a
di sk drive vulnerable to vibrations excited by Intefnall or externa

sources) ARG HYsitioni ng servo systemin an HDD perforns three critical
tasks. First, it noves the head to the vicinity of a target in a m ninmm

time using a velggiby SeLYSH laad&; ) §@erﬁ.b9m% X8 endell® vo system
pOSlItI ons th head on Y et trgck W t h mnn%}%unﬁﬁf%gs(eff\glre out tine

usifg a pos o%er%%ﬁ'fer%l"ﬁ%’i Phcﬁi‘f’eﬁ’i‘?]i KGR ngE SiEEef vEbratigal 13, t he
servo syst ermnéatmsf@m@ higc berfotmapye rodputert frexage conflguration. Hitherto
proporti onalnel ptaghal rdeht M, | ¥ ¥PSo1uREE) hROSIde ALk C dpl ler. During the
seek node, maxinmumrotational acceleration torque foll owe by a
deceleration torque is inparted by a voice coil nmotor (VCM -based 30
actuator. The cofr&spondrnF mebrd ithat ttbeorresent tdererasen|cit 6.8 498s3. 5"

tr assi ent ;}ﬁ&at diamadrveldr atopen alﬂ%atie@ﬁﬁeba:odeﬁéﬂaﬁenixﬁlpoi—@aﬂlﬁeazﬁpsl ti ﬁnldng
accuracy o e Present 3 ives hav ched 20
kTP, and gfe%grt{;)zgr GJO%)I?VB;":{%%Q 5" e§ cfu&e?’é glf oW BEY o “28™ T’ﬁf&t@f 2
ment i oned &BBEREET, SHEfSSr TBYFattwer® trYQF-g"l‘lﬁg fahricetec kheliPDi nyuntdng frame

i nadequat e uteatkzipgstiiroat Ngtagelimdaleds) tTheepbhsenConghted Bratd Q8 a

di st ur bancesgy, ﬂg@mtgn@&e%ﬁ@w @alkegrwsnsb%gﬂe t80§'§6'8 enlNgsthie .rgadiun) te

el ements over track becone a nmj or AVent r onal Servo
cofifr ol sy§f’8ﬁ’rf’r“5&E’r?’b§‘ake5Aﬁ digk 266"43 \‘f\bht?fﬁhls%s VPEFAER0E 6473564 \03
cont i nuous irpeoedt Porescteongle sboramswel [hesdides it ivhl 8 SHeed \bydt &d iiaUbd HDD
oper ating @QQE’&:HSOB&eeI EritﬁcQQt&nghatFiy:g@ Q@%QEC@J ﬁ&gjggeﬁ vi?cl:lﬁﬂtgs

spi ndl e not, asse ies are not per f mgss- bal anced duri ng
operation t ey prg?iuce armonre t\ﬂ“ﬁr%ﬁif’%n Véﬂa‘?%ﬁl f:e"'\YPb‘ﬁi’FFo?} séﬂfl‘fc‘élﬁ on
produces b¥EHKta YopnearvoarnEtamr rasdtieonmakhe diehd |amt bhey tapgétonra¢k twieh wholeudHDD
sysBEm A'I[1 sacidbe bIHtld@S\thﬁgleﬂtHsntﬁorf Q&ﬁ‘lﬂo@f@z‘ w@@lfdulél &t %Maé@é_h% t‘%frmaln
track wt es actuato iV ahout t housan of an
inch (e. g. kS %%lfu“? % §e§-§,3' alm%?'p e)ng?:%sr F8S pEAaS tfohl‘?;b/om %Qﬁ ack

pi tch. V%eﬁrﬁmr“éeﬁﬁeﬁ?a%?é’&l denivaekverSYROWR R éP?WOOfCOIISWUfert rRwingi t ch
canf be det ehaesdeal mddz, amdtla&mdfdtuelcguaisﬁédeiﬁﬁdﬁionthrQuT lefroli%we(rjdab?da Codi
per f or manc ng_errar to.this inferna uc peri odi c
vi bration ggﬁg—%gagg@vtéépﬁlm %6 l"{pggﬁ/%%ﬁe? ?:1c o %smé’ °f Bﬂg% ?ent No.

5, 808, 586. 2¢5uaP Ty TG S TREEPAPIIPH oEIR R ER \prnm PbthiESb#%Pﬂeﬁe IFBuees desi gn,
the rotati opahsieseitdtat 0nalCoi@AREHE ThatiecahObd [EkeFirahtapitBdtie: HoE D iRgisan
be m nim ZQQc@éacQ'é@'tﬂé%ad?wHé n&aient No. 5,400,196. 20 However, a nount
design optimzed'to decouple interna ‘spindle vibration as covered by U.S.
Pat ent No. 5,400,196 remains susceptible t0 external input vibration. By
depl oyi ng the i $obadnton. sTodnsls d&h@ﬁg hav@Qleyigitstl SatiTShyidig arpar veatibaso set

Of 3¢riteri g daf l.Red day ;]@B?Qw % Operr, 5&?’m§§%@8 aﬁ?&trgr néalma#xbr ation

|nputs generating rotational ration on zed. In
earlier fiPRFAYE Eﬁﬁﬁﬁb‘F‘ir@hé}éF lBSaPétdéﬁﬁl%ls GLRBSSTURSY he&dmwcwng
neutral i zi ageureeyr 2aché girebynGeBEr dGikirAgich 60sHHrBande@l (MR usna@oaex&ﬂeondary

actuator \R’.I‘(SLOEIQSI%Q 1!&%]\’@1(1 t%S%e$§&¥§t? elitéllﬂeonrfllngVrret hOdS rg def : CI ent

in that eac sol ves on fiee Vi brati on cah ]i’enges of
an HDD, an’ﬂe?ﬂ?ﬁead‘faJPﬁe‘FﬁaﬁgWede§°‘a’e§Fhﬂaé sewmtrolscﬂyawmreaeuteﬁe
seek-induced transient dynam cs. Thus, an HDD with a novel nounting frame
that is nore robust against vibration can yield a conpetitive product, but
hitherto the present invention, such a problem has not been recogni zed) nor
has a 35 structure effectively addressing such a solution been devel oped
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Usi ng sensors, servo algorithns, and inertial force generator 51 '/htmggl Qgglte
'vi bration ofoaimgshani cal device, such as an HDD, can be cogg&&}led.

Previ ously, using shock isolating rubber nounts, storage 40 ROQQ4154v e
been protected fromlinear shock input. However, due to sway, 26-' ~1- 2001
~pR9~90. 418 4 ~~~~475C New Page: 20 Nov -=nb space requirenents, and
gradual inprovenents in shock enhanced storage conponent design, explicit
shock isolation of disk drives has no | onger been pursued by manufacturers.
Renmoval of dopaiiouenaincskoioks ard pei-fural ik LSRN IR Sal fri . SEC
U.S. Pat entoplipat ihg3éshadBfiynas further accel erated by dynam c pr on‘f ens
encountered during the operation of a drive (e. g., see U S. Patent No.
4,967,293). Since 1990, the storage industry has noved away from shock

i sol ation desigrit im rooedythat nenek@dahahicd1Schighheyad hiat, g, digk drive is

x

mangf act ur @dsifuinea Sho ibration isolation sysiem PreviodSl§T use
of a shock iggl altfonﬁgygéﬁeglggﬁe\é{tg%tmgasar]’r"i‘lliﬁﬁ r 37 SHEtIe REexRting, theut it

actual |y dEFPAUE TERET YéaFaticrpr disrnenisr vhiretmias exeltatasnt hiodsedd bee oW
probl em Fafpémr and radbtdtansdl bselAkier, SYSIATE: Use HaRi B ’Eg&&” aléé 4 hat
| SCIro

are not goad keat 4&RRHUGHAES 4 nt_nurber 0715308, 588
supporti ng rrecehcgnig t@f (L)Jérg lgp'itli SEE%ntPLt% E?eln °§°#§§ﬁ%ﬂ ol Tk hppdratyitifhe

magneti ¢ di' Sk appat atfs*ITHRIMABEVRE PF AboHe hahi Bhivneamistr ot ted ihyh ate]£3st a
f1éRi bl e paPeYton - amdcreeber) antdredpen®ndo Ofsst be dhlan{(ra%ﬁcﬁ?&ihs.m&h%n%%ta(:hed
to a fixingompnkaddd LNhea0k Nghi &N t to a hard di sk assenbly.
DI SCLOSUREF, . THE. |lN\t/ENT|aO\| Thgljs,'qﬂgr‘lévi%%w&gpgglf 5F=ThB* ¥t 8Bi%g probl ens,
hitherto the nventi on,* EhE EThYES Spetafthoandy Shand’| erushi chrd berfirusadd ty of
vi br at i onaf?e @pbHening lsayer ldee rtce thixc i hveainyl DoRRPeMsRLese AlRE; L ‘j"ﬁ] nd
seek inducesh set tdieequUlsidyNABES REARIE n,selyed. 1n the tfollow ng
di sgussi on) the term "head/ di sk ASS enbl yJEJ?Eﬁg?'%l ‘é'ﬁc}séat% NBarrERA% 586.
assenbly of read/wite heads, head positioning actuator and information
storage di sks aPY (4§é"héareiadf skrdrarel dilstatden igoldtionDiourry abs ganciesed to
const i t ut eretataehidbskileacd:9S tinpohbids) du@ﬁ:gag{t)é}n;pg?pxgoq%e@gri nvent | gg

or - i ng

provi des amsiimueddng QL , th.a rotary actua asedclﬁgs'fat”i
mechani sm to be nount &d %&dr‘ﬁxg\tu'?ﬁt %éﬁntr g?at%‘*??e’é’]sy about an axis nor nal

to the plane of actuator notion. In a first aspect of the present
i n¥ntion, a diBkedetve fand dBtibedptiAeutas ddcsyikemdQL MURELNg a hard

di sk encl osisrac {ddDE} )cdvBadudi, Ng s ' pi votab]y nounted to m nimze
settl e- ouéxﬁ%@aalmigg%%git er ngpgrsbtgatq;i%ggﬁo'véll’gﬁogt%%nfewseﬁ’ﬁ‘ieéﬂlmieblaﬁti on,
a

t he casing oW g Py PHtiAPaCRTg st E Faldtyiof meehys allegei n t he
center of RAAGPR \Fabisivhes lDEavts cslisbemtcfatdipek e ceaiRaABy arplad OdacRQL Nt Of

t he casi ngio. AVENBEE: BHEE Text e 261 15522000 4 0.9 .~ iL.a 4a New page : zo
Nogee ~ er z,GR0QQA7 (@2}!&3&:3 oW in éggc%(%ﬁdg%%eﬁggngofmf?ntemﬁg]esent |
invention, a disk drive asSenbly"FBr#isunt Th§aroiex Ebmsubes ushasisisked Us
i ncl udes &8P Mi- sk 18ACI3Es Lr @eEMBEPE conted kg ahe| east i 60 ®ydisterafthan

act uat or, aamdustedr tomué naithg inekéttidagy AbchdHder wdd a0EJ-Qh . recei ving the HDE
and having at |east one theta-nmunt AVENDED SHEET
However, these above-mentioned methods are deficient in that each
30 solves only a subset of the three vibration challenges of an HDD, and

none of them provides a simple, low-cost solution to the seek—indﬁced

transient dynamics. Thus, an HDD with a novel mounting frame that is more
robust against vibration can vield a competitive product, but hitherto the
present invention, such a problem has not been recognized, nor has a

35 structure effectively addressing such a solution been developed

Using sensors, servo algorithms, and inertial force generators,
undesirable vibration of a mechanical device, such as an HDD, can be
controlled. Previously, using shock isolating rubber mounts, storage

40 devices have been protected from linear shock input. However, due to sway
’



1/ 48758 PCT/ GBOO/ 0~750 ~ 2 A U ~ 200' . 5 provided onl the[i
?ﬁa%%ggw%&?%m er frame for mounting to the corrpmwePaﬁhasmvaem:a@@Qép“%C
“aspect of the present invention, a disk drive with a 5 rotary

act uat or - based positioning mechanism nounted so that it can rotate freely
about an axis normal to the plane of actuator notion, includes a casing

pi votably nounted to mnim ze at | east one of settle-out dynam cs, external
rotational vibration, and emtted vibration, the casing allowi ng the HDE to

rotate Sub§io%ntéc§]1h'¥méﬂt%$|%d vherai nlﬂﬁievmterlnoéhafkayhﬂaym@& QO hhe HDE is
subst ant | Zdobnbfie (381 A3 B6Y UnoBR! o1 O LNE: GaSL M 10 8. Uh L], aspect

of the pres I nvent1on) ‘an apparat us i $mth
creates rbi&t POt BF dﬁé“fﬁcﬁk}?‘?f&es’?%i“"é’a%l‘?thb‘?c\}éf%&ﬂly Wn?% VESTAF o ze
at | east tsdapiomsebthtes datg.dymeaniUcs, Rexeer nal ¥ 08atdsehalasyifbriteir-on, and

em tted vidveaabiong Lmyaaﬁm?r@&llegw Qﬂ:o&étéﬂ@@ AdQEng QnkOial g SUbgtaptial ly

freely, erelnthe cente ralty S ubstatlall t he sane
as a pi vot  poi nt" %f ?%ebcgs% ek ¥] 8 zﬁ@aépggf‘n of 1?%93‘ 6?‘35%9?1? #hventi on,
a conput efrPREESINGS TevEdudEyY rcﬁbtﬁé‘?cﬁfg lsaltatlle%lsﬂtesm gh steddy | v @agkstentity
for bei ngihdeseevddy t2a hhelisbudting, 1amﬁnafa;mlthai Wwigh af sidi®l andUBEStion

integral | ysdidkidn %E{Enn b?@u@@é’.ﬁ" NGee b7 & s%'oix.ltc ris@f&qgh gstfsnepr%;:ggt%]# an

inventio £comut sis,, Includes usi n ural

t het a- nmr}zr{ng I At g ?5 Ihan ui % % l"tahceé aflﬁ’e rs‘}?iingt%‘eA]s“éeﬁ‘6vW’irﬁtF—?’bure 1,
arigd bwlﬁbtqsoﬂeklaﬁst%‘;ﬁ?fd@eow FAgLIeY eeFUIrFlh@ar t¥adigiongdl iyolahioand
t hr ee angsttsaem$ e15g. dampi@y neteyi@OtiHtNak€ ot Thddnmasel osmutbfy System
provi des sufficient angular rotational freedomalong 30 the theta

coor di nat e whi nstr.ain di r|ve along all other, five (
coordi nat es. sﬁ% %nq' AR bl ;8‘7nle5§(r88 ordslﬁ Uic4r® fslvg%‘%’?}ﬁ?%fme PSR ﬁ?’ér‘?g t he
r emai ni ngl Sk BBtdiltRat @@petis) @b‘i}ﬁeapwaﬂzhé FBaMagng igudeskl agbaxativk| ust r at es

the sour cewlofleyisbi &tk onchandbudiongtrextermakht Vichsatd @Dexidpe NgH-e i¥h fadti on

(i nbal ancfgmbebagt Bh@teeldr@ﬁ aht Olrln)élrkHc&tahpém GWhicehelen 8o R iEMRIg 3r:PrQR! em )
and voi ce, COI Lhrmt or, CMac%egnt er of rgw tgf%ﬁ?@ of fset, which creates a

er end
di stur bance tor raxi mjrﬁ °née r ot atl onal freedomis

about 300 tines srral I er than the angle an actuator rotates in a typical
3.5" drivexscaOsuiE oF viouzl thrammet to about a 0.1 degree rotational angle.
The pi vot al r. WD 01/ a8758 PCT/ GB00/ Ca750 ~ 2 a a ¢ 200 6
Thus, in view of all of the foregoing problems, hitherto the
invention, there has been no system in which the plurality of vibrational
components have been effectively compensated and in which a seek induced
settle-out dynamics problem has been solved.

In the following discussion, the term “head/disk assembly” (HDA) is
used to mean the assembly of read/write heads, head positioning actuator
and information storage disks at the heart of a hard disk drive. An HDA
may be enclosed to constitute a hard disk enclosure (HDE).

Broadly, the present invention provides a structure for an HD2A, with
a rotary actuator-based positioning mechanism, to be mounted so that it

can rotate freely about an axis normal to the plane of actuator motion.

In a first aspect of the present invention, a disk drive (and
method) includes a system for mounting a hard disk enclosure (HDE),
including a casing pivotably mounted to minimize settle- out dynamics,
external rotational vibration, and emitted Qibration, the casing allowing
the HDE to rotate substantially freely, wherein the center of gravity of
the HDE is substantially the same as a pivot point of the casing.

AMENDED SHEET




i fnnihe basepl ate rotation nust pass through the center-of-gravity
?%%%1%¥§#Hﬁﬁépﬁyefree di sk drive hardware. to eIinﬂﬂaﬁegexﬂenﬁahmbéneé$8500475(
“vibration coupling into theta notion of the disk drive. Prefer abl1y2 A@{]G?UG
invention, the axis of rotation of the spindle motor nust coal esce wit ’
the pivotal axis of the baseplate to mnimze the harnonic excitation of
~the basepl ate due to spindle nmass inbalance. (The actuator is assunmed to be
mass- bal anced about its own pivotal axis.) The rotational freedomfor the
basepl at ermmlBtcsl Bepddtzefl uhei pupskAt ainvbeyion, Si kLR &QRYek@mg) shearing
system anglRYPg oo £ &HHLESy Ra8H:QUPsRN BEALI RYSY QL %n%gm{ggagén%“ of these
el ements. Igg,npunt S stgnlcaE,QE ag i ntegral part of a disk d Jvé, or it
coul d be PYOVOBY &85 H355rf  thé e dfhareretbumticng ivactare meluging as a
portion ofn tiheer dirpue diorcheesdiving tthe| HOE, add hdividy ehelamsioue anetasnotwt ous
features of the invention, the three vibrational challenges of an HDD are
solved, in a sinple) lowcost solution to the seek-induced transient
dynam cs. Mreover, the novel nounting frame is nore robust against
vi bration. That is, the invention 20 provides a systemin which a seek
i nduced settl e-out dynam cs probl em has been sol ved using a unique
rotational nount concept by effectively conpensating for. the three
vi brational conmponents (e. g., self-generated vibration, externa
vi bration, and emtted vibration) to provide a high performance conputer
storage configuration. 25 Additionally, thermal and acoustic
characteristics can be controll'ed by choosing appropriate material,
geonetry and | ocation of the bearing system Further, as mentioned above,
traditional isolation systens use danping nmaterials that are not good heat
conductors. The invention 30 preferably replaces.rubber-like material with
netallic flexural elenents) thereby enhancing heat transfer properties.

BRI EF DESCRI PTI ON OF THE DRAW NGS 35 The invention will now be descri bed,
by way of exanmple only) with reference to preferred enbodi nents thereof as
illustrated in the acconpanying drawings, in which: Figure 1 illustrates
sources of vibration affecting a disk drive; 40 WO 01/ 48758

PCT/ GB00/ 04750 ~ 2 A U ~ 2QQ~~7 Figure 2 illustrates three nmjor

vi brational sources associated with a disk drive (e.g., A B, O in a
conputer system 20; Figure 3 illustrates seek dynam cs and conservation of
angul ar nonentum Figures 4(a)-4(c) illustrate a nechani sm of

t heta-dynam cs with and without a conpliant nmounting after a seek; 10
Figures 5(a)-5(c) illustrate generation and mnim zation of rotational
vibration due to external l|inear vibration; Figures 6(a)-6(c) illustrate
m nimzation of spindle nmass inbal ance-induced rotational vibration; 15
Figure 7 illustrates an integrated theta-nmount design according to the
present invention;. Figure 8 illustrates a practical theta-nmount design
according to the present invention; ,

AMENDED SHEET



20 Figure 9 illustrates a theta-nmount for a standard formfactor disk drive
‘'with snall &¥0 (848768 , t han the standard forntfactor) diamet e? gf:ﬁ%ﬁomﬁbters
25 Figures 10(a)-10(c) illustrate an expl oded view of an ou

factor, flexure-based theta-nount) and Figure 10(d) illustrat e%%&@gﬂznnew
of the same; Figure 11 illustrates an isorfetric view of an out-o

factor 30 fl exure-based theta-nmount with a cover having been renoved for
clarity; Figures 12(a)-12(b) illustrate various views of the flexural

el enents usEdvidsd emeheuinrel- £4apk M ndC Ao lout L1 A2 R0 Wl mthit EhPWoerfe3( )

i | lustrat egosgidekeciiissgcharacteristics of a disk drive nounted d| rectly on
a conpliant frame) Figure 13(b) is a schematic of a direct nount on a
chassis, Figure 13 (c) illustrates settle-out characteristics of a disk
drive on thet a- ABuntthard acpeck bd venpkéesnt {n@alBon,aBda k08 iGela{

11 wstrat egofarSCherBltbe-ifsed gdist A51R /48758 PCTI GB%%)?OMSO 2
A U G 2009, Figure 14 ill usstera% es trnacgmn%cg?lglslmétr % ) it can rotate

characteri StF c§' 85U ARSI ‘E‘f’f’“éhd‘%]t‘%é’&tm%l qfhé?falaﬁenmotd@m tochadeatd onal
- vibration CApUY; PRiqFebly TBuntdduss mehesi ZEVR QlakacdRr bﬁtde€§lélgu@rh)}ﬁ|ggz(<¥%
16(a) and

and w t houkx&erdai h&ea ty I i ration, inp ure
16( b) resp tIH\6§|%/Q7It| Fﬁ%ﬁiatéﬂ%ﬁ% e%’qb\? Er%‘%ﬁ%o% it AC%m gi‘(‘maﬁ TH 34 1PYidiga-

mount ; rgure 17 FFHs FP%ﬁtégt‘aﬁJrlﬁfo‘feG&Iéd wheEsirotharrenherf of ngfardtpros
(T 98ur o basbs HDR ot 51 SHOBNARELET lgUtie 8fe)asi b lpiSbE afast a5 \EOMRLLLS, View of an

in form factor e Woerdassshcknol anetke A0 GLAULE 18Rl L LLustyat eo the
e do

det ai | f ndtem)untsownlnt 5|‘l“'te|eof
Flegﬁlr eslg(a§&e 1T§eua;h§§§i"§? %; RE* T BYEAtH PRkt Faf®ea Srcdudss encasidioa

per spect i vB*ABR b foppfedt Fexinimizel etrdiebst waedof Getale-bat fayhamiact or
het a mounesce26a Fizguaesondd (akrafidn? 00h) e ARAACHINEL Yo | LiSLLALES 2 plan

vi gw and a t i Rf re- based theta-nmount constral neé’gby a
pi vot bearf%ﬁggf\t&u'ﬁe{%’: %,\_1% Rt Ao %}(X%Jeejé‘é'pé'gfﬁfé’l §9 ICPBsYr af gravity o

per spect i vE*S/ FB% lfSS‘él?ﬁ}aaﬁlaé%ﬁl%eélaWﬂ ew oibivct petiat mfuriie whéingt.op and
bottom pi vot bearing supports; Figure 22 illustrates a theta-nmount with a

di stributed beafd RO¢ifrn aspect of the present invention, a computer chassis,
includes a housing, at least one disk drive assembly for being housed by

20 the housing, and a plurality of theta-mounts integrally built within the
housing.

In a sixth aspect of the pfesent invention, a computer chasgsis,

includes a housing, and a plurality of theta-mounts integrally built
25 within the housing.

As shown in Figure 1, a rigid body motion can take place along three
linear (e.g., X, Y, 2) and three angular (e.g. ®, ®, ¥ ) coordinates. The
novel mounting system provides sufficient angular rotational freedom along

30 the theta coordinate while it constrains the disk drive along all other
five (5) coordinates. No substantial linear or angular freedom of motion
along the remaining S5-coordinates is allowed by the mount. Figure 1 also
illustrates the sources of vibration including.external vibration, spindle
vibration (imbalance), base plate rotation vibration (which is a primary

35 problem), and voice coil motor (VCM) center of gravity (CG) offset, which
Creates a disturbance torque.

The maximum needed amplitude of rotational freedom is about 300
times smaller than the angle an actuator rotates in a typical 3.5” drive.

40 This would amount to about a 0.1 degree rotational angle. The pivotal



system 30 Figures 23(a) and 23(b) respectively illustrate a perspective

vi ew and a I d view of a flexured theta-nmpunt fox max e
SY(‘?)(S@%&%? Sl 35

heat renov gures 24(a)-24(e) illustrate alternati ve ﬁxgr
designs; Figure 25 illustrates a nethod of providing electrical

to internal electronics with an interfaceéconnector stationarily heI d W|t
the user nounting frame; 40 WO O1/ 8758 p~T~GAU G72004 9 Figure 26
illustrates a conputer chassis integrated with a set of theta-nounts for

hi gh perforgapce %ﬂgfﬂaqggﬁe O&taEa&%%t %@a)tﬁedg@l&b)cédtguscsf @rrgv@cy of

removable HDD wth a theta-nount for arrays and servers, with gure 27(a)
showi ng a tt8p ESPELORA Y HrefothpkedEiis F‘Fb‘%/ vase (5P SHIWPRT teﬁée’ﬂtﬁlt OHSver
of the nodwliBrathicgue@pl2Bd dhtarntels (rorioefecid debly drlwejsmrateraaorlyemmnhar y

Connector GAULAGNEAtLANSL o8 LhelA BN g\%ﬁmgl 8 ARDYoSIQWENG dhhe 10

detail of the connéct gure res 28(c) and 28 )
respect i veltpei PIeset s aP%éE%ﬁGS%B@é?ﬁI %ﬁ‘ )}“ Eﬁﬁﬁéc? héﬁ?ﬁ‘ﬁiﬁu?’é"tﬁ%ﬁl‘? PEa
t het a- nountthewbddepFagpiidee 28( shinsheviasg irtaleadeni (T atheatoenibectsenmghown i n

Figure 28(gL; mdex- gg%cggzgog)_ ARd 8Lk YodAspeGt hvely illustrate an

exenpl ary connector configuration for a theta-nmount, with Figure 28(f)
showi ng the detail of the connector shown in Figure 28(e); and Fi gures
29(a) and 29(b) Tnkl ustaradralaftdeaba-foxunhe dabilake | nadt Wi real L4dcosdpigi ant

conpound t a ndidda - m, PESCRILT
PRECERRED ELBLD ek O o VRN CR BBl e fg, oy, To L ie 8 o ngifgﬁﬁd

nore parti &bl 8F3578% I§irgﬁr°€§‘b’2’§ti°’2§’(fbfl,‘esﬁr BTEIFPEY ERB I RENTE S
present i neentatyrai |Harbeofdestiskbéxiivieer ef ribetdwd By oevided EirodrrEME 8be

Prior to desgphdlgoli8np RiaEHed ATROdi JL Rl porithon SragRd RoRBe @S thadsis
various vihr atién sources and their effect on baseplate vibration are shown

in Fig, 1. ¥R® Hctuator 10 generates a reaction torque during a seek.
Spi¥tdl e (e. g., il) nmass inbal ance produces a periodic excitation. Both
conponent s exci tvﬁthh@lebaﬁﬁﬁleairﬂ {ZoBva ol Feat €radl 6AGLY, intedti6C! itaBStHYBeas

wel | as al ongrt he | gfme a(%ul arm%oggedlsgg‘;eedtggt uL;gL dg&; iQa, the
e

system mount i ng Pame f sel subject to exter nposed | i near.
and rotati Gﬁéﬂlt%H%F%tqhsnsee?hé“%ﬁﬁd%réﬁswstsdY‘f?ﬁ‘éF%mcébE%ﬂYeéP s‘bhecﬂﬁ’t’erll but e
to TMR t hr eughtidye ttaeqte ndirs (aoblhish egapiadutechthiyn { ITRat iingatheiibweabtion of

t h%oaCt uat BEOQlA’e%t a Q&erﬁ%@ Mc&:yat&%kivmlc@@q}%t@{@—%m: é}ﬁ‘xamics problem has
been solved using a unique rotaticnal mount concept by effectively
compensating for the three vibrational components (e.g., self-generated
vibraﬁion, external vibration, and emitted vibration) to provide a high
performance computer storage configuration.

25
. Additionally, thermal and acoustic characteristics can be controlled
by choosing éppropriate material, geometry and location of the bearing
system. Further, as mentioned above, traditional isclation systems use
damping materials that are not good heat conductors. The invention
30 preferably replaces .rubber-like material with metallic flexural elements,

thereby enhancing heat transfer properties.
BRIEF DESCRIPTION OF THE DRAWINGS

35 The invention will now be described, by way of example only, with
reference to preferred embodiments thereof as illustrated in the

accompanying drawings, in which:

Figure 1 illustrates sources of vibration affecting a disk drive;

40



WO 011 48758 PCT/ GB00104750 a ~ 2 Al~C ~~~Aa to negligible. Conpliance of
the spindl ewb®augrsg (e. g., not shown in Figure 1) can al SO&’Q{T 0%&%4
undesirable TMR Figure 2 shows the interaction of several dri Nina
conputer 5 system 20. Drive #A is the product (e. g., drive) of |Z1tAU@IZQQ2
Ot her drives, such as drives #B and #C, inpact the performance of Drive é
at the sane tine they thenselves may suffer fromthe emtted vibration o
Drive #A. 10 A new nount system concept according to the present invention
and called a "t hetgare mDublistraseslichests %@6oy P06 Al | ow._ simul taneousl
sol ves the i hnge Jmi,or Vi brati gn cﬁhgl I engjoes foundb%‘anlbgﬁglr-ﬁ fses.“d.a,te%é’ékx
reaction induced rotational ‘dettle dut* GYMARFESYSEST @fmal |y i nparted
rotational vibration, and emtted rotational vibration). 15 The nost
difficult to solRigupe GbkEMaticrhbéd) sbbE a$8Adiwk NEhiC i bration_conponents is
t hats of see&fenmbndiced transi ent dynam cgs Fi gure gg%%%&é@ﬁ%eo%oaﬁ‘gpfﬁ
mechani sm t hat produces transient dynam cs of a baseplate 30 (having an
actuat or 30a nounted thereon) nounted on a 20 conpliant conputer frane
(denot ed by a spibwees32 (at-kashed1tocacpel Lest N ame 31). During a
seek accel ghatd@n, 8adN8oL6aGL1 90 tor que %;}(F@e% ?ﬂée&bggnéap"]lﬁfew% e
nove agai nst the conpli ant corrput“%ré1 -FArfe °FHone direction and then duri ng
t he decel eration phase in a counter direction. 25 The conpliant nount
(edg., bsp_ri ng 3Tjgessentd)ably) anmhét&s::a@ea&a%?@'aﬁIdO&ﬂﬁ%Dizm%égQg/b |
contributi RgediQodal i ar_.monent um of fhe actuator al basepl at e
30 system Further, h)ta'lLﬁgé:}trltcabgi %%gﬁgt%ﬁtaﬁ%nﬁaﬁl?eﬁé EF2btoni seek further
excites the settle-out dynam cs of the total system 30 Thus, even with a
conpl ai nt mount Figureses @b (ot iilludheatesiitdimlzat M0ue gangiated., as shown in
Figure 3. ThlenseHiRgusbdaBiss ohs: Qiig%aattigg. by parameters such as the

bagepl ate inertia q__rgd7s.tliffness, of the nmounting frane. 35 It is noted that
in the schematiC piot. THEHETSS b iRHEgaked Fhetarmgesy feaim hechrding ng t he
time interRf Prysentedufensieony -a non-zero angul ar nonentum of the basepl ate
30, whereas the torque is identically zero if the baseplate is allowed to
rotate freely a t heta, coordinate. Thus, in Figure 3. in practice,
due to novenent irg%]ugfa hé;%'t%%‘ésétrﬁltgf € PRICTAR! Abethidosrt sestek aceomidng erco the
vel ocity (®°5G™Y F¥8H&Rn by the graph of Figure WD 01/48758

PC39 GB00/ 04750 11 ~ 2 AU G 200g 3) occurs. This is a prinmary problemto be

sol ved. The thefanpRuNt;; 8651, 9P CQNELNL acc rggrngu%%n%gg pr esﬁﬁ%;g;ﬁg{:;ﬁgs

is based ap ithe RL nci_pl e of conservation of  an
that the net tate of"tHEhots 8f - dHghl e AerdrTdifrre focopor dianalert @i dkhe
torque apptliagierss Thus, if no torque is applied to the conposite actuator
30a/ basepl ate 30 system then there can be no change in net angul ar
mogentum  Thus,..if an HPD i.s nounted such that it is allowed to rotate
freely in the theta plan¥, fhgh dirstigtana srlefed erew off angeskof fform

conbi ned FO&Rfuitasxyronprredntioitat heuract aret Biguai @@l basepkales 30,4, |

remai n nulviesi sicené hayeyer e not subjected to a net external torque. Figures
4{a)-4(c) shows a conceptual realization of an ideal "theta-nount"
according to the present invention (e.g., howto |ocate the 15 ideal

nmount i ng condi tfr8RYe i tHUERERtSPsaR ratetres tvieRi af ad (@it} of ideh gackeppl i ant
St em dufitpgue-besid Chetg-md@dy) Wit@Rdecdel a4 ; (zer o, conpl i ance)
systemat the end of a seek (Fig. 4(c)). Thug%gg%gﬁ%?g -t}%cflasrﬁggi i deal
situations and conditions. A practical theta-nmunt system design enpl oying
flexures, as dif$8\Sed? FaroniPlathiustsatensarioudealewdOof esul t12xural

elements used for the out-of- form factor theta-mount;
?5 Figure 13(a) illustrates settle-out characteristics of a disk drive
mounted directly on a compliant frame, Figure 13(b) is a schematic of a
direct mount on a chassis, Figure 13 (c) illustrates settle-out
characteristics of a disk drive on theta-mount attached to compliant

frame, and Figure 13(d) illustrates a schematic of a theta-mount.
40
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The theta-nount according to the present invention not only solves the
primary problem of seek transient dynam cs, but also elimnates, t

remai ni ng W43 enges of externally-applied rotational vréT’ﬁlﬁ"@ﬁﬂéﬂd 25
emtted rotational vibration. To elimnate external |inear vi bﬂ%gﬂg
coupling into a rotational node of the baseplste, it is prefera @ZQ%‘h
the center of gravity (CG of the disk drive systemw th the pivot point of
the theta-nount) as 30 shown in Figs. 5(a)-5(c). Thus, Figures 5(a)-5(c)
are directed towards how to mnimze the external |linear yg‘g’rati on i g}t)act.
That is, in Fi gurBagrs)l tHussrRtestracka P presis ot ithe R sOiaF 8 ¥+ &6t°F Pém
t he pivot poim#pfewigh, aggowithobt)a tRegaHmeubf e td yotationslt Hdr86iqnoloRML
generated by the linear vibration due to the CG being offset fromthe

rotation point (e. g.) this is the worst condition), ereas Figure 5(
illustrates the CHO¥EECH AYHEREHis OMR ﬁgﬁaﬁTCt\ﬁrﬁt‘r‘% ?%hfﬂ‘l F’?%g‘j”f%e?@ Wltcl)wt_
dynans cs. a \Whe 4 /mobBY siBe RCTL GBS 0idrdS@ot inpud? ~ ~ A U G 2~D~r Further,
in an ideal design, the spindle rotational axis and the pivot point of the
t het a- nount nust be nade to coal esce so that the to e appl.ied 1o the
basepl ate about tHEYBE VR apdi 26 f?\sé”%?‘ff&P'el r%ﬁ‘fgg?a%e’l B(EJI)trt"le\'iie‘ﬁl rgtt’z%r? 0.
Fi gures 6( a)withcand wowhdutea henanimouhor ces as a result of 5 the spindle
mass i nmbal ance whi ch cause theta dynami cs of the baseplate. Figure 6(a)
shows the pivot axis offset fromthe s%)i ndle rotation axig 61. By

mni M zi ng the di SRR hatIREER2T9Re 2BXTEIEF S SIRUISE POHCATOR and pi vot

poi nt of thefleyeter-bmgedtthéea-mguntas shown in Figure 6(c)), the nonent due
to harnonic forces can be reduced. 10 Since mass of the spindle is a
substanti al conponent of the total basepl.ate ineri.ia, i C ween
spindl e axis and PIX6E *Béégt’iléﬁs%?ﬁe eaxgﬁf|°“r‘r‘=1tfcla"g'‘{-ic?aa?:1{1iglg‘v&(gIll tho%?a%tcigggl
desi gn. For theamptdasefdhetdracdpstardcBiqugezi(y) tHEsERE BPe SREF LT st o
rotaid onal forexupg dng iR RbBidTkE&Gh hHt tHeDBotasahl Dfe extdla nESSigupadisrg) of
basepl ate may be needed. As the distance between pivot axis and spindle
axi s increases, the harnonic nonent increases |inearly) but the )
contribution of tFeuWwpsidi(@ 1339t Rt n&F¥IsEr 3t PeBEs VY 278 APESRSIC the

di stance. HewGs, offedtlentl dxiiea s piladdre sansesl dad anhén-@Groffadrer hawssa phcaing
system mat ch mnim zes 20 spindle-rel ated problens, but sone optim zation
can be used to trade-off the offset and total iinertia of the base plate
systat Thus, theFHR€Es RIdR) gl 2o%i BYPRSFEY R et HIRbTRT® ScB R tVlaé”CSIr“giang
to the presepdrspayeive orewcofi Masxideebasrdi vhataabowy geisdysings bhe2 tHivee 25
sources of vidration (e.g. shown in Figures 4(c), 5(c) and 6(c)) into an

i ntegrated design, as shown in Fig. 7, where the center of gravity (CG 70
of the total noving system(e.g., the "total noving systenf for center of
gravity represent EiSpradildak afidsRl () aEetRechivelYbhSBSE R AnbPY8r<t Btat 1 Bhal
ineriéa i ncl agdesnt OhAbasy SLEMIENET frie@a oS wite P and rereepnh Qfiv30 Heaefng a
of the disk/ss irgdLéa), the pivot point 71 of the theta-nount and the axis of
rotation 72 B he spindle are all designed to be on a single axis. Thus,
the spindle preferably rotates at the center of gravity (CG and at the

pi vot pin. 35 Fi geifSe8fA)iiBidtraséodw thecacangapivitn at Abstoohtesd bedriagr eal
wor | d (e.g.,spsrtaegnt.ical) di sk drive 80, where the center of gravity 81 of
the total sys¥em(e.g., di sk drive system is not at the geonetric center
of tRA® rectangul ar-shaped baseplate 84, but is |ocated near the spindle
axis of rotation. rdfiresy2M®) Ola487 B 18sRCTAGBROLDUEEPate a perspective view

and an exploded view of a flexured theta-mount for maximum spindle heat

removal;

35 Figures 24(a)-24(e) illustrate altexrmative flexure designs;

Figure 25 illustrates a method of providing electrical connection to

internal electronics with an interface connector stationarily held with
the user mounting frame;

40



~ ~ Au~ 200 In Figure 8(a), a conventional HDD, 85 including a head/disk
assenbly, i ¥GEHHEASGoUNted to a support structure in the for f unti ng
pl ate 86 by nmeans of a rotational bearing 87 or the Ilike. Th%r‘éﬂﬂﬁ@é" If
plate is equivalent to an outer frame which gets attached to Dgr
frane. As shown in Figure 8(b), additional masses 82 may be provided to
nove the center of gravity towards the axis of rotation (e.g., nass 82
added to control the CG location). Amld spring 83 restores the novable 10
part of the HDD Ftourendtitiddksyyeses jsonofmtgr, cHiEOY4 QQdeéﬁteS%tt?;r%ns%toffthe
movabl e par theh-obentdDE)r hEgH pR¥AdHHBee Jyﬁgp%ggnhe context of the-°
i nvention nmay be a spring which provides - , 'or |less, frequency of
oscillation in the theta plane of rotation. 15 Figure 8(b) al so shows a
point "P" at whi EWW¥REe FPrl mpdsd (i alhwebeck ansendebbNesph NG (§OL F €Spondi ng
radi al and tiegefthingl 6k a@LdysOB sklvd,%, NQL&d pl hl.lai:‘te \éxlh{en the pivot bearing
is ideal, the pptiQn,of point P can take place Bhiy 2 4l B n§rawies t arrge negvadr
direction. 20 Figures 9(a) -15?('b37%oﬁ?ﬁ"&%s‘ilﬁnb?%ucomeoe thieemslivsK; pl atter
diameter is selected to be smaller than a standard form factor disk
di anmeter. For exzigpkes 28 (£0RMENMd (@NAle 324 [ ter) disk platter may be
25 repl acecLoQMecacoz,OaggphiBL&tttigxrl 0 ipn ;f%g??ye?’gr%q?%%"{gﬁ U iSFE™RIGEY ot her
tec{mi cal reaspns, such-as m nim 2T N FBVR R Witk kEHoge t28r(b) Undeind lths
conti gur at i6n2*} Rér B §opnssitey sbbws pac@iawai bakle to accommodate the 0.1
deg. of rotation needed by the baseplate 91. Therefore, the basepl ate
geonetry can be yghgapad r i fthin the 30 industry standard form
factor, while si mBJI tané(E)gCS)I jg/ﬁ%rzg\ﬁﬂdirﬁﬁp?%éVFJe’ﬁ&ilF‘é?frlaé?a?t isererd Freedany
Since a drive CSOF LPEISHBEEet fo5 & Ghats-oraht shoek Mytiagsihe SAapdlsi pge
process, adseiilopf swfet chimgrter shOdh MRYFrRR-HSAA S 0 constrain the drive's
rebsunce dynamics, thus avoi di ng damage due to shocks having a relatively
narrow pul se wigth. ET%?, the limters 35 restrict the large anplitude
rotation of the HOB. Thatd 2B{ Huresegasively lidbtatates aa axdnb1sPyi Ng 93 to
restore t hEoMEGEPalcOpdiIurpbirrofot ke tidiA -mbuntd. widsi Fil@ld Zettﬁ %Qemm | qT
spring 83 descni hed:hab&séﬂeéibrcgﬁmcﬁk%gﬁ@ég Figure.e(b)). Ad Itionarty, a
single bearing g gt299(§ iasdshé)gn fox the IS[‘) 1f°fs noted that this
begéi ng 94 is distinct fromEhe’ Flaftihftotta RettrFashbunted HIM 611lcks@idh a
WO“01/ 48758 BETFRBESFRRIPS0te inrreaze AUBP2OPnddnddRD: rddssks, NOt ed that this
bearing 94 is distinct fromthe bearing of the spindle notor itself: The
pi vot - poi Nbe1ak LA @ ek el t.J e figures discussed above are assuned
to be provided bygggconvé%:égn%'{‘&g}é%q PORINTR L OF THFe IBVEBTEON i ng act i on
can al so be provided through a group of flexures or any other known form of
beari ng technolRaferaica hablte tie argasiggnaingd j esent

e Bg}fﬁguggaﬁegﬁf’gﬁgf"rsed

spegi ficati-an (RS, - ¥ ALLES LV, nfigurations o .
Enbodi ment, 1Q. Se eral alter na‘?i"{\%g&éoonf %?eréc FOts oot ipmetial lrsudesamgoeddi ng

to the present |e\r%\c/"’éh.ti on are now presented. A standard disk drive with 3.S"

formfactor is first tested in an externally (out-of- formfactor)

confi gure@w% shown in Figs. 10(a)-10(d). 15 As shown in

Fi gures 10(a)-10(c), the disk drive assenbly is conmposed of two pieces.
That is, a "hard disk enclosure (HDE)" 100 that is protected and contains

t he di sks (not FFRPEISTOr ¢ e )binyd the torat erred OdmboasmertO WY 151 Eaur ’?3"3&9( q¢ and
the "driveatiameVvik@tign ,so88cesNMM thBs Fi 10 and 10(c)) 1 ncluding
an inner fsLa0e iglogiag'oa r %eailé/tiung t he H%Qg%%séﬁg%a e%g%ﬁenﬁgé’aftﬁé&drrés)
preferably provided af’each”si 8e°%and/ FrheCatifer BFacthen itonere fnaim, aand an
outer frafEs04Pipde pe ovi dES tivssoutisrlaste yabtlicst BgfedisaiheRJmynied to a

conput er 8heis SosporfeingHl ékcld Bhe SHUWS1 A S ' op.vi ew of the tEeta
magnt accgrdjdig Lo atlQ?sf Q{gslenrl nvent: gn?:?ﬁégf‘& |rr?t§e2%1%nﬁe HED ST e
the

t
.inner frame 102, exure 103 aftf'H e SAFtinateptiasa. | OB hdditihe, HERB.

system mounting frame 13 itself may be subject to externally imposed
linear and rotational vibration. The actuator mass imbalance can also
contribute to TMR through the torque disturbance produced by the linear

vibration of the actuator pivot, but nominally the imbalance amount is




An isonetric view of the assenbled systemis shown in Fig. 11. The' acronym
~~HDE" is used to _distinguish the novable (or pivotable) par HDD ;
1100 from WRO¥#AR and el ectronics as appropriate. The HDD %@@4% '

inserted into an inner frame 1101) which in turn is inserted iﬂt@ AIU@LLIUEU'
frame 1102. The mechani cal support |inking e two parts (e. g., inner ‘
frame 1101 and outer frame 1102) can be provided by a nunber of neans. One
of the sinplest devices includes using flexures 1103, as shown in Figure 35

11. In one design, plurality (e. fou L Ii¢c fl]exure n, heq,
posi ti oned aPeq]%@iBf%‘r 51"!“’?#“(’%? °§. gh? 58??£%eorg§£e€1§ fs e'tgﬁé i \E/Ié ?e Phan
four flexures) <ablalsy praguce shdrpicakde f¥1 pi vot point, can be used to

i nprove stiffness along other axes (X, Y, Z, ~, tP). Flexures can be nade

of netal or any other material that _wll .praoyi i S

40 other axes (X, FYIUZE 2_ppovs) the Jyeipff ﬁ%‘ig’g g‘%’# ggg%%%?%kéﬂz]gA%@uggg
~~. 185 As sheywtem2Fi giwége HA {&)thanerofpey) (e - ¢ he FFieslurésinseseer-aBryerar e
made of thingBerdd, i idn GEP@SKek GiE) and GIY, t Ipact dfe pérmittaticeSoffidrivai ik aitn
an exenpl ary _configurati . JThe fl|exure t [ a, the
mi ddl e porti b%® i?mgxf’r"ﬁpggéf ége‘f‘%e\%é're%lsmaly h%ueél%lgﬁ) fr%éﬁ‘eghe\fm%ﬁlu%eﬁt eirbsr\ggt?&at tEa 5
poi nt, therebyiywd®iding a virtual pivot." It is possible to solve the
seek-induced vibration problemby supporting an HDE on a single flexure.
However, the systemis |ikel o suffer vihration torcesq
acting al ong ot he?* BX&d"VFh %’ﬁ%e“éﬁé’f:‘f?"ltcg%l%g%%&%n?% ed above produced a
25 Hz rotati onbled estHmre-fregtendy fircuReet A8t LB ARE 1 RRe FLEUHFGFPTHY a
3.5" drive cepiwdlicRg thr@desSkaijpratireasionl Beallseegef thoud ihl exupPRS(epyovised
sufficient rigidity in.th I My di LRCHIONE & ekrdRthiLy athaPBdd

al | owed rot afl %cgt%a ou dlicﬁg . -gg:fosrlac}f g%{% drive 1n this design, r}%ﬁe f our
flexures 15 sapporanal HelbgeFight: 819 CRLEERS TREARPTIE BHORATAPNg t he rotati onal
freedem A 25-Hz rotational resonance corresponds to a nmount nuch closer to

a free pivot, as cQUPALA st pr2ubt adi LoRRAL-GABRULRhA 3B AWE- ChadctaTOr €
than an order of magnitude stiffer. The se ervop suf ficLent

tit ttle-out serv '
error reject VoRTXHGRLFPTRAPERYES 38- fiAt %%&e?’ﬁ&ng’flﬁ?d; ERAEEr o?asﬁ’ﬁﬁ%lecs' Fighre 3
degr adat i on isBowd thenedupolisermeabhml sastiwenbiydweds Bhranpeenexgmemyehtodl 2dat a
di scussed bele).é’aplﬂl% § &St e AHC Bdla0dt BBk Snclih8d® casEamgli Mgt &d tdhea pr esent

i nvention provided excellent vibratjon perfornance. .25 Fi 3

13( ¢)?% espectPURH P Eh W EEHFAPT s 3ﬁn%‘f£1[ %é Sértte- B%ta%é%%g/d?g? ]abé)té %/%%%qg
direct attachedigiDDafe.3t)" skwrisglremaek @cotlFRyiE PR3TY) Fhafda tHéerat At
(e. 9., see sehoomidne ©fsepigte BI( €Y Motd tagaed the achpEiink| @mphassitsame  in
representing o?iec eraucttgrnfarn%.n%ienl Elu:!'i OB'}/eI Qgéelfegrgéqgnhﬁhﬁekn @Y@@&H&% dat a
that the applicatron of angul ar nOMent um principle 30 works very
effectively idAreft¥fmating the effect of seek-induced dynamics. Figure
13(c)zxl early shows that all conponents are elimnated wth no affect on

the drive. As nentj] %ngﬁ%p%i%gt%t}gga(tei_g,s, QbrFiPSe) kdsbMiang sb3(Hs an

correspond to direc et a-nount condi.tion, respectjve 3({1 @s ngsa.@&n\{%l%l e
fromthe dat@&*teReRaInSaREVS e SBFHERY CVEF I HEPT di5el 991 TR BB

settl e-out chakaster-tsti Tm/basaplaeasur apdtenwaBprtFgutke 4skhphsteimuecty ¢Be
pf ext er n.al rQlsabk OaP%lee)YIMr@kép%xgﬁeyvalmgﬁ?lepeﬁﬁ tdyQBm fsl Of the Otttla 1 ( S=Sem.
is shown in terns of bits (256 hits =1 ”aCkep'tff'siiPI en;l,els)i.uflorm? e
choset i nput TSH i TFde o S0CPTRIALYE "PRE TRRS 4G T hErdases Wit ﬁ exCitati on
frequency forgenkeathd,est|ghowpunt Edowent i gurht ieoguing WnairgAsgdictated by
PCT/ GB0O/ 0~7‘E§%.rlame€e1% ALLIG 22000 18sdRatd ineS€R URPEItipfdss0dt fehguicantiyg
whereas with a theta-nount according to the present invention, the HDD
(e.g., see | W@™eplot of the graph of Figure 14y is-al nbst conpletely
insensitive to angular vibration of the external frame. Hence, an effective

| rﬁt atjgnal vibratigp isSqlatd QRad iAr OREELNera®i @GhbeY atheShaRibéRN@OLAIeY thiye t he
 thet a- nount .

history applied during the time interval “T” results in a non-zero angular
momentum of the baseplate 30, whereas the torque is identically zero if
the baseplate is allowed to rotate freely along the theta coordinate.
Thus, in Figure 3, in practice, due to movement of the base plate, at the

40 end of a seek, a nonzero velocity (e.g., as shown by the graph of Figure



Figure 15 shows the effect of linear input vibration. For the exenplary
‘desi gn accdVQiomg81s® t he present invention, a slight degradation in TNB2 is
observed far a theta-nounted HDD. However, the theta anount Pﬂ’ﬁ%@/“é&@ti on
is not substantial so the results are acceptable. That is, by gﬁj ustin he
position of the HDD' s center of gravity, #Ris TNO conponent d At BH t
closer to a direct nounted system Figures 16(a) and 16(b) show the
nmeasured em tted angul ar vibration 15 of the nmounting frane during a 1/3
- seek oper at¥)oRCCHsgUrBiE6im)a brimsayrpicdieh e g rRG}edrounting, of  the HDD)
wher eas Fi Gids@gd Gldatedd busdsabes pﬁgetr}gga-trmunt of the pr eseRtA TRVRNt i on.
" It is noted that the emtted agu ar Vi Blat PORtEen ¢s, basesy emstae as 20
mlliGs by meaStricng" tHEUIPFEPRRE] agudar pumextunt wnidhi BeesaERAl @RLOMRLET S
separ at ed Bpte. &' chantiespf aypguldie mbedithint s Qbofdie sL4epLign. That i1s, as
shown in Firguse ik6hb)workiie 1Ll gxYLES A Dpst_el i ni nated ant i EPYTuEharideg
reaction s%?,Qtat the aét achment location: CPRRPBEEra tuatehdpaliameptate 30
accordir~g to T He Present® FAYER POIFIR89 dnynett Bnaetarveondhtuh O exanmpl e, 25
server class conputers where interference between a nultitude of HDDs nust
be kept at m ni muGs) Rsofdebpt l.eye_bes ata rate. Second Exenpl ary
Desi cxn 30;A éﬁcgggaex%gnl ar%fdgg%t%é %%C%s‘%%a\cltm lfnlsFiab%CI’WFdaﬁ‘a rpgate Sasely
nodi fi ed base pl at e struct uFE™ guTingotpbrst theaendatfas npiert tiaC comeing to the
préSent i ndBHIBNTORGRENH It e standardd Sha bakspfact Ay 9%, trr;%agrg in\éﬁ(i e,
i n-formf asimde dBsy gAre nbBesyd @ Lan.incarporates an outer frane
173 desi gn whi ch packages i nt o %ﬁ%adyggi%??%gex\ygfﬁaﬁbg?f%‘eenvel ope 35
presently realized by the 3.5" formfactor. The HDD (baseplate 171) itself
forms the inner F{F4®E bt ot (i ehovsl @xaumespdizd e&ﬁia&éi%ﬁhgg.an@(ﬁgﬁom in
Fi gure 17, “thetasesnomnd £¢0fpindl Yo A8S| Lhcl . an HDA 170 wwth 1ts cover
angsi nterng&eaqomgg% %Oég{gﬁgg for ng.é;%??yl%{g%ﬁ%ﬂD ‘80" ¥ R HoFete she
coupl ed to%%'%. g fitted onto) an-eI'det POtHieBsttcanmfecFor. 4 (aWD Gdtd&7 S8
PCT/ GBOO/ 04750 1 AUES VOB EPSnbisel @22, 4 ) botnk ftibi SR eahSuddaat W,
coupl ed t ocq@lganced i stseemiat ehe @nihet @ mepﬁahg?%,)rretﬂl{scagti nt%)1 nodul e
173. This ouhet (d)r and, 141 gg{ﬁ;ﬂggn A Idur%l i,t}r/ of flexures ‘3. A Rhi ch may
be wel ded,saysitgﬁtc{%%i and/or screwed onto THEFI%fe P73rasfdcpblheasimymnt7| . 5
Fi gure 18(7) shows ThE"PHBFPEatiSfFrfdube discwpdrosiol7 (ki d7€d neati 4dda1
Fi%hre 18(FuskdWi ng the flexure details (e. g., outlined by phantomIines
in Figure 18(a)). 10 In this approach, the inventors have nodified the
exi sting HDE baﬁ% g@e%tai_noqi S0 _as to maintain the integrity of the present
i ndustry standard RouNii NG scHERE3¥hdoviiehsttsedk sinyrht ity aoy dhupcidiaal
.feat ur es BF PHEFVREPREAT obrrsekuttanehen! aphenibas eptalfe Eiﬂ&i‘;&?eé .2 and
19(b) showethinidgt aid cbf11ehged bexaure£or,achi:8¥ing. ap "in-formtactor”
desi gn. 1%nThidd ExaBLAr y,iplgastiigg Fi gur A yg%)l!(yal)qgllilzl%ﬁ%?’fé’fagsvﬁrﬁ%?? #Péw of
an HDD 200 nounted in an inner fTiame 201 having a flexure 202, which in
turn is nounted in an outer 20 frame 203. The HDD center of gravity is
shown at ref er éncel iminereabx@4aand ndaPivBadioy e GeMLL ,0f Fotation (e.g.,

of fset frasathg eonbgteNkOr Vi is shown at reference nunérar- st
Figure 20(fy, il  ustrat eés? t%’eqﬁD%)y\)ﬁrfﬁeﬁagge diTt Bt Hife cPERRF €8 9XRvshow t he
pivot 204 in greater YeCaiYe systen yifleshe Ofiapt armdn Qb né |the 84 frduBt A alshi rd
ex8npl ar ysBest dn Tigswi (@h:-5 the romat I FARuped B WaS f igggddp%cgg?vgogvi n% a
pi vot 205haW & cami ki Bl hBeatie REL gpﬁeeasren}]:’ergtb pi vot 205 i1tself’ H
journal bearing 205 is for supporting the vve?%’htlmﬁ?“t'he drive 30 200, and
the flexures 202 are used to restore the drive to a neutral

That is, in Figure 5(a), the system is at rest and the CG 50 is

coffset from the pivot point (e.g., point s1). Figure 5(b) illustrates the

torque generated by the linear vibration due to the CG being offset from
the rotation point (e.g., this is the worst condition)

35

. , whereas Figure
5(c) illustrates the CG matching the pivot point with no resulting theta
dynamics.



position under idle node. In this design, the pivoting axis of the journal
bearing 205 and the pivoting axis of the flexure system should preferably
coal esce twaowismigl e axis. Ot herwi se, the configuration is BQ'@’G(B@WEWﬁ‘ai ned
and free rotation of the drive, in the desired theta plane, 3

rendered difficult or the systemmy shif{,in the plane of de ?ﬂe (g
rotation. In the tested prototype, the flexures 202 had to be softene to
all ow a m ni num anmount of stretching action while providing the rotational
freedom This was performed by formng the flexures into an "S" shape
configuration. Fuethesul® #of ieealt Besigm r theegRiRIEr Jrtasset Mt ard U to 40
Ibe conpar agheoé Qolhe a‘fl Esd tazsemoaay nilR8i g made tmm/ag&ms BGE ERObR4EE0
a ~ 2 AU 2009, Sev tio to. . t t

advant ageo@8Py* %388 £ Laseg a%c’ rL ?ﬁoggpm%% % 05%1 ete)%[g‘é%ﬁ' ¥e
pi vot al poidmivére togzera. nFixypres %‘ta)té)(q)héh‘?ﬂ F’P‘ﬂd’larﬁ?%t f‘i)‘?CG\?l @ BysPir et
flexures) @geSHOAWA1 Mhalkk gﬁnbaZQx{é) wan@h 2&(1&39 tBéda Bgnstengdednt ma@epwtde a

symetri caI bear i structure ent er of g
Z-axis wi | FifpBte 6?%8@6’8‘”? ol Jrvo g n?r% g’éomof t%h%\lélk-& E at%q%%“ gg
-axis for |ieneaky mAapinizindridie émtahsﬁgoe‘ilwaﬁd the Bxds of epjsdei yhafiomand

design is ?)Qb@%ﬁ@'dﬂtﬂé 308 Sbuhd (9.65, a3lé@pmand F2d¢4) 6Whi)Ghthe moment
respective strate a t het a- nmunt_ d%gg an expl oded view of a top and

bot t om beaﬁ}f‘ﬁg ?ﬁ‘é‘f’é"%un‘frcefo‘: Shown In these Figures, the HDD 210
i nagloudes a top bearing nmount 211 and a bottom bearing nmount 212. It is
noted that the bﬁal’;é n@sgeammww@mm ieafabrethtahl wampoisitt yhaedesughalas a

bal | bearin JeQuLnal . begrin [ £ar &k 107.,a8 o 3¢tdyveosauegzed
film beari K§>°F n thmertla' atfh a%isggglc%egeﬁgarl n&gldt he” power ?or oper ating the

beari ngs | $asebs PEEITIZSMH FhachiTIe arPXAstifdcfroies °Irf exgyple, when t
ext ernal | y-dpeessds b2 etk rbeatiengpimileseshtrieian rtcsmprmtyou@ulfdr@elgpmw ded by

a [punm inte ra&lf&d\/\"aﬁ it &%Q%u(lﬁ'x' XP’erE'a 'utasgoigagntbe ogeﬁhe.sreﬁi&_@ Ryy tﬂéené?é?ieﬁdl €

not'or structure. tion coul up ort at 20 | S edges by

flexures. A ah%t%éFa’é’r?bBﬁ"r"ﬁ?ﬁt?”% ?H(fwﬁ ‘?ﬁ’pi”h a‘é%““ W of °Fig. 22,
the HDE (emrmoR20joesul dnbeaseppcnted hybut nbﬂ-dorita%huelwtypé ﬁ@arspﬁgilzzpat

i ts corner gy The. GOL NS NRUY ds P Q¥l E'& 'b@hﬁie' @&lant¢ cedomdiehneti tie HDE
25 220 and the rmunt fr mgl?eﬁ%%l#%%z base Sildl e)%tlemerr%@%'s_mwn[ulu Qrman arc

of a circl &PEEILY3x1E Te's center
(e.20g., pi\apiinpbs 7el22R) prablepe athed a?met ﬁétlé‘éﬁ%‘étono‘fa"gPa\HW Sif ttrﬁ%EﬂBE As
Shown in Figlr 85:23( @)a 2862236yt hie hereespachiatal yyslaw a 30 per spective
view and an expl oded perspective view of a HDD 230 having a top flexure
nmount 231 and a bottom fl exure nount 232, the flexure based theta-nount
provi des an oppoFiugni E8e PBSHITRRR] A8 LAERISEI Y &OTHACR P BE SREERPT hEERS-84d
the conput o $heéUsledest iByerdlioasiditisesraherindividval swukibrasf ferthgothree

el agtic behayior | Mo | £ cpNey @y ddow Ciaibla%
linited. Heat tgr azrj\%f gfgéaﬁ?%ggngo%ug{xr%naf%ﬁgve(r?helé(%y 5o<¥mgr(§?l

t het a- mountingggpeadedetyr™r M shP ek dPe8iD33: (8% Y.t 55 i ag 6% 70
havi ng a haifglihe ofotabontvidg napstdheeegar ehen tigbeh moking spstard B tSRtTOPAL S.

However, by, eplovipge ! tdhiilfe O alhi 0 dekuoes Ba2pikhe dasign can be

Optl m ZEd ~ rotational inertia includes total system inertia minus the polar moment of

30 inertia of the dlsk/sp:.ndle) , the pivot point 71 of the theta-mount and
the axis of rotation 72 of the spindle are all designed to be on a single
axis. Thus, the spindle preferably rotates at the center of gravity (CG)

and at the pivot pin.

35 Figures 8(a)-8(b) show the concept in the context of a real world
(e.g., practical) disk drive 80, where the center of gravity 81 of the
total system (e.g., disk drive system) is not at the geometric center of
the rectangular-shaped baseplate 84, but is located near the spindle axis
of rotation.

40



WO 01148758 PCT/ GB00/ 04750 ~ z au~ 200 19 Figures 23(a) and 23(b) show a
modi fied fI¥QQV&8Bsed pi vot which all ows maxi num renpval ofcsmiBdhoerso
generated heat. A multiple "spoke"-like layout allows the heat fZeﬂmm
provi di ng the theta-nount function. Thus, |t is noted that a s

fl exures may be provided. 5 Figures 24 (a)1 through (e) show variations in
the design of flexures that would facilitate either out-of-formfactor (e.
g., Figures 24(a)-24(c)) or in-formfactor (e. g., Figures 24(d)-24(e))

t het a- nount designFidwerp ¢rir.e a 2dfrarpnsitons HIDZ-abe Sh@uddhe £ ht e/ gLk Nar y

notion is takeas,al aaeultntolagga\égt RQ hat_ allow_not only
t angenti al m(él SQI acemer ; n ssbb atsubst?ant F%ﬁtyg‘%%\i&v&?ﬁ%ﬁg 81 % F5C&n®nt are

the S design and <t ﬁe accordl BRttfest gh FPERHERY \?éP?l%BWPrl ﬁhﬁlgse 24hk) and
24(c). SucH“Ol!BtJFf}geetﬁfm is eduakead to anehaerthameonschaddtls fftachea deskgn
whers a posidompered ¥edmePOi Nt is provided by a bearing such as that shown in
Fig. 20. For the In-Form Factor theta nount, Figure 24(d) shows a plain

fl exure design, whereas a slotted flexure is shown in Fig. 24(e) which 20
al | ows | over sti#f Aey® {e Figure fadp) a agiliteiondt kgl B2imayt be grangend ical
direction, wehé|henBénteai &t @gahi@htswbalrﬁfsr@ésaﬂ 089 z%QQ&ch g(ﬁsfl ol

Lhg
Z- dlrectlo t S..no 0ossi ble to use feren? types
of flexur esrl gﬁé g;tl% ccwlttmil—f[ﬁf'i Egdloca s At RS AREHS BH rt?&ﬁmfﬁékéh%twveh%elepor

nor¥ of th®2%E of thgdPp. '%fé(ésn?ﬂﬁreloWOSIlew ¢ompl i prtviddd HeeesmBEing2bs Riwgur e
25 shows amcexsirpberavber theaubbeXi bbe eehRak! i \in@g,r GW tn?22ntScUseq go free

the nmounting, ti from the HDA notion and allows t
el ectroni cggcéargt%ggé%@tlgggae g?Jf Schet Br"t’ugeT rzgmzéo ifst Fadest tfﬁ%q‘i‘ﬂBAY of

Similar ar PERYERELRD? 18 Hrgisbetr ﬁﬂé‘% @& ysv@k¥ont-0 the spindle nmotor as 30

well, via a link 253. The relative d| spl acerrent bet ween the HDE 250 and the
m)ngtl ng frame %@;ugeeggb) hayi g8 3orind Qpmifactor) for a 0.1 deg rotation
is Iess tha a di stance SOPrTJTL'rxtltavva *#rd E‘ &S s?)’f)’tngpf)? nt® of HDE.

This is a v ta°h§f%at‘td ﬁ‘%%‘ﬁ’zfﬁl Cﬁﬁ‘tﬁsaﬁm’clﬁatraéaﬁl tfedptwraaeuur @1 zeicicverhs,.

easi |y usi A§ ¥ Pbesd yhet cibeguite biwie bddwisg ia fdeni bhe 35c@khest Hegat ward
can be provhsedktosiscacsagsethd! exd Ribidy: and;appliications. Figure 26 shows
how a t heta-nmount 260 can be enpl oyed as an integral part of a conputer
chassis 261 rather than a feature included as 40 a part of an HDD 262. This
deffgn will findigewer?taledpacishby 2 desisn 140000 Whé8d 5Be POKGBOMQ4750 ' ' ~
2 A U G 206garxesers eeledreage beYsi-2 M ARAM ACLLURLSs fHRE SQUPHLAL, Sheet
metal frang;ifself can be nodified to function as a theta-nount by

i nnovative design rather than using a separate inner-outer frane structure.
5 Figures 27 (a) and 27 (b) show an option that is useful for RAID arrays
and server syst &ns exherle," hodonseafiRInAY "'950fm dBi MRS kS dasfc%{faw@r QReNAd i on.

Fi ggres 27‘:@1)1a%@§ t%r%b)o Fnﬁtsﬁ(t\:q:layedoylégoglﬁ £OR, (4;3 Veorr 81‘1 Hooy U| 270 and a

renovabl e F a- nount encap suf ed W thi p° £tC8%e.
Fi gures 27(H) F% rgﬁf)?ﬁf tﬁ‘eChsﬁdeﬁ“t‘m’e‘iléEtWﬁF% 91753‘ fhuggprhdindsm eiser of
t he nodul ec2fdpuration. plthggaliseptaitly emedpiat a¥iigypleno2ddoanest eCORMIRCH OT

276 10 & CcOBpULErrdistifienhbda pTNAS nidirldiete mount may be provided as a
removabl e nodul g wi th condi tionin gure 28 (a)-(f) show

si
el ectrical connettsr ﬁeesgg?ts FhRR2YSr %’?ﬂ‘“&gr}isa‘i‘ Stafhanedl £ reedfontdthiroveeent
befleen t h&*Wstve sspadando Abos faetat, ceriectionl angdoaslepteridahg CRBNELiREed

Thi s woul dr@dat@whalher@trdome smd £18etd RBLES vk A SR Qoatét%eb&% J],_} drive
and not be, gd to, th nount outer frang as was i gure

25. These ¢oU e lvv?t%mESﬁ?/eﬁtfeanﬁf WHEt hEE T Saf e “ifé’e’ae \Msﬁﬁ tcﬁJt of

formf act szo,l'tsﬁég:gl g rfrdvers rebounce dynamics, thus avoiding damage due to

shocks having a relatively narrow pulse width. Thus, the limiters

35 restrict the large amplitude rotation of the HDD. Purther, Figure 9(b)
illustrates a mild spring 93 to restore the neutral position of the HDD
(e.g., similarly to tbe mild spring 83 described above in connection with
Figure 8(b)). Additionally, a single bearing support 94 is shown for the

HDD. It is noted that this bearing 94 is distinct from the bearing of the
40 spindle motor itself.



20 which are encapsul ated for other requirements. They could also be used
for rem)vaw ﬂ&%ﬂ es as taught by Figure 27 and woul d al so g;la i al
to a server/s?orage array as taught by Figure 26. For exanpr o@
nmounted HDD 280 is shown in Figure 28(a). The 25 details of th

are shown in Figure 28(b) and includes a oonnector 281, attached to the
drive €electronics card ( which is nounted directly to the HDD), a fol ded

fl ex cabl e~282 coupled to the connector 281 and at another end to a

connect or whi.chg i nqt .sh or the |

As shown b%%tghe og e ea%gge%rltrsgbv\%s %ﬁt helféOJ 5%%%%0 699:"2%]:1?%%1 rfjo\‘fg in
a lateral r‘FBf‘i‘@r? H%‘Fcfﬁalltf?)‘ft he direction of insertion of the connector 281
into the HDD 28@rhe Shivickapdine & gHe eth38éet)ouh£|ﬁsﬂ:héitﬁ%uae§ kg bk dudgeunigd,eHDD
having a ¢ e t d i h sho in Figure 28(d).
This 35 ar %gﬁg&gstr?g&?&)% g?%rqueed E)E %atc §m9en X\a}fﬁ‘eb %rejb \ll)M&’tw &% g#? ed flex
cabl®% is uPireied ??fs‘i"éa‘ba’bﬂ%%éefm‘-‘dé@eq |tém\t9|heac9mue of fhegunes 98@EDY. The

| ar ge | engiohnéo bt IFotratdovedriagctechhbn@ger svaifiabid Tosh aidsegndzalhe @hdiays
t he connecttggA&Q;eniggggyﬁcggleoell slanwg di rection shown by the double

headed arrow m i nmum of - resistance. 40 WD 01/ 48758

PCT/ GB00/ 0. 1750 ~ 2 AUG 200g 21 Further, Figure 28(e) illustrates a

t het a- mroungdedabi e \Con réeiune coéOrthp Wreifofired BebsiAant S of which are
shown in Figure 28(f). This arrangement utilizes a top and bottom connector
281A and 281H. Top connector 281A is attached to the conputer connector 283
"while the | owee5oNALE IRt D81 RO IUFAHORR Pt B R RADEYWE0aCmTGdRg jt@akhe
l'i nkage 28#reserftoimenitbet weemdwhpréseptahd Bottaotaabriectaise wAtal Disedokh ex

‘cabl e 282" ¢hseditibi@ede dducsRASEM Q@Lﬂeqa{t R VEF 1 igca) o c@l&@g%a df%

connect conpector 281A to _the connector B i nstead of
cabl e of FHEFE™8Y). aﬁ'l?é“"f’%l’é?t F1%8 ndt 138t bt ween connectors 281A and 281H
i s10. shown by the double headed arrow A". Figure 29(a) and 29(b) show a

configuration m@r&&helﬁﬁag@regeiwnlo(c)H%e( glslg dr:.tv@eats@e DL ecd:m PQ(}
290) and ex%er naI frame %191 or en‘(\:hvg$ S(I n‘? éoj Fi g. 27) 'S T’ ed
with a conpfi 2l PHETSri a9t Ra Fat 1f§u’ées (gu b8P i GRtdAfper, as a
heat transPeetentdf anc aentiagns dde adiskeolmitti Eldwskfayed) Thed detedtos oil.t he
connect or 203wAlA &tgw»e 1@l , exanpime, « dhﬂvEl OttaRe 28(eRY. -EQU§howtnh§n@S.bﬁ§Q§~l

fr%’ae may 9?('(%)' la.lmgdl[owlc 1@1%91&' tnalhargrl% fggrél 1"39d oCi*I Q ce%tigrd: {u?osergves as

liquid, fle ree rotafion

a heat si nRn%lrﬂi“’éﬁ%lfsFF%"‘H&r‘rﬁePre%aﬂ’m§r°quﬁl theaghi zide awoenectmeeuef
aspect s of théieinpeestahe] Rnendsn elted Heahenee vhabr@idvoBe € hak| @geSsofucatr&DD
are sol vedfad qsat@,mL&teh% eogé;mpeeéytahggs {0 k. 388Kd)N g’ﬁ%’?d 2t AARLEN

dynam cs. 25 Mpreover e novel nountin rame I's nore ro agal nst

vi brat i on. *¥haEersof He. tl}eﬁ%é‘fﬁ"f"brf‘cﬁf’ﬁ‘?h"ge§° FhE\RASERAT AP EiPnalegaking

i n@gced sethé¢ eiDDuLOOdynaemmseprf@brhemOhasthbeeIem@évmi usidighe wirkgalke pivot
rotational jgpuit enagpt by effectively conpensating for the three

vi brational conponents.(e.g., self-generated vibration, external vibration,
and 30 emtted vibration) to provide a high performance conputer storage
configuration. PR iscwabtiedvidmpitthe ssgmmbiedisyater iincélpiwasimFageatl.| yThe -
ext ended t Bctddm Mgt~ Ngs Ql@)éd C&J“G{st‘flﬁfquniéchaﬁﬁ@rmodmfeer(SPth.vaQiBl@) 3paxt: oB5an

Thus, with venti a
no'tgebook CSIFT% le)rg €VI N hgléé tf a'f‘e ann%ue(r?lLtegl °m Wi f‘p?rr?ﬁf(lf/tee ro ?Ionaﬁloo is

vi bration persxsefaiite whilreeprigeneildagl « c@a@h drarughade klrmeetettmnm.anmmmr,
a di sk dri¥eaeanibe nowiy edchdhiod aubsembiltint thed chbalat 80N . 4G nher

protect t h%rgnlx’el X?O ra(leg1 oeuQ:%IrnPra%lelwsjecalnnge Cper%v}./éed’ %tyla(L)rx]l%mber of means. One

of the simplest devices includes using flexures 1103, as shown in Figure

3s 11. In one design, a plurality (e.g., four) metallic flexures can be
positioned at the plurality (e.g., four) corners of the drive. More than
four flexures, all forming a single virtual pivot point, can be used to
improve stiffness along other axes (X, Y, Z, ¢, ¥). Flexuresvca_n be made
of metal or any other material that will provide adequate stiffness along

40 other axes (X, Y, Z, ©, ¥).
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i i 174) are coupled to the corners of
20T i g v o SALGS B TR 1o
returni ng seschanbAefduandieih e &S&'atirs%\%e d\gh nlgsg%g r?:éﬁqmagg%"ngfg% coupl ed
(o Saro ettt TR 5 i wnereimesie e
mechani sm FI35H6Vi e d Bshgep| lipeds Byredtibhexyr @Sadd?@2dnd o) %gl%‘%dsal,i rtual
8. The systetatdoncigungieoz ke cndherebn sai g ﬁééji%%ztﬂfeoﬁure Fesires
pi et pOi nEuﬂﬂ&@E th§a q@:tgqp.egf \thhdrsl?'r!adwl‘ﬁqgléxl'o\x/.r:eldfrllgv?:}le proltat:i:onal freedom. a
25-Hz rotational resonance corresponds to a mount much closer to a free
pivot, as compared to a traditional computer frame which is more than an
order of magnitude stiffer. The settle-out servo has sufficient error

rejection capability at 25-Hz, and therefore a performance degradation ig

20 not observable as confirmed by the experimental data discussed below.

The tests conducted on this frame according to the present invention
rrovided excellent vibration rerformance.

25 Figures 13(a) and 13(c) respectively show a comparison of the
settle-out bghavior between a direct attached HDD (e.g., see schematié of
Figure 13(b)) and theta-mount (e.g., see schematic of Fig. 13(d)) attached
to a flexible chassis representing a computer frame. It is obvious from
the seek dynamics data that the application of angular momentum principle
30 works very effectively in eliminating the effect of seek-induced dynamics.
Figure 13(c) clearly shows that all components are eliminated with no
affect on the drive. 2as mentioned, the schematics of Figs. 13 (b) and
13(d) correspond to direct and theta-mount condition, respectively. As
observable from the data, the mount resonance of 25 Hz does not affect the
35 settle-out characteristics in a measurable way.

Figure 14 shows the effect of external rotational vibration on TMR
where position error signal (PES) is shown in terms of bits (256 bits = 1

track pitch = 0.1 mil). For a chosen input amplitude of 30 rad/s2, the TMR

40 increases with excitation frequency for the directly-mounted configuration



9. The system according to any preceding claim wherein the centre of
gravity of _a noving mass conprising said HDA coincides with_said axis of
rotati on ofVQ4V#MDA AVENDED SNEET  26- 1, 1- 2001 : pROg0418PRE(GBINQ47S02,
Novenber 2 GB000475C ~ z au~ 200N, " 24 10. The system accordi ng.'[t? A[')AB 2004
preceding claim wherein said spindle rotgaéion axis coincides wth™sal

axis of rotation of said HDA. 11. The system according to claim3, wherein
sai d support structure further conprises an inner frame (102) and an outer
frane (104), said flexure oupling tqQ said inner and outer frames. 12. The
syst em accofdfhy 565 EESF R i ?Aﬁglr'l%‘?? géfd “g‘gﬁﬁsnﬁét Foble A Bo R p gGFIrding
structure &ceths eredent asvergion.othe FDOnpriger wdeadever PRG2)of tRe gFaph St em
accor di ng teQght@ild %is WRER BorgAlebe HPA Al veL QIS ESr VB X1 JIPLE the
addi ti onal masse% g82 uged to m)¥§ tge center of Ijg,r avi ,tg/ of sai d noving
mass sai d FFDRPS S5 akiEof® StETI61° Jiota b PabDR P 3% orThEc e m

accér di ng trgopextiviti 8, achiievesi pimdignddugkyires thxahgZtstmaped, S shaped or
accordi on shaped. 15. The system according to claim1, wherein said bearing
system conpri ses_,two hearings (211,212 n _opposite respective sides of
said HDA. 16. T éggfl%tlgnf}é"é'go?‘gﬁ ﬁéfet"& %f gilﬁiag’g,l%‘ér"éf’ﬁg?&f‘d ¥afPfg system
further comspeiRiesyaddrdloh dswarding, ta gheupresenbdavemgicor arslaght Begraduyioh?.
The syst emiacie@t d:s n?ogeq?;&t ﬁbmag-ithwﬁng%x&??;lakfb .be?::iémeﬁy%e m.ﬁ%trat Q&‘Jucﬂt
conpri ses urality. o [ exur es al l ow_.rempval of spi'ndle
Gordr at ed AsBradadybs Yizoned Splsranbiel BN G kbR i kiR ab e catb Ok oY
further coRPlvtadsIstiforsitébecifr bhe EHDANFeaten Phegtayity 0 thoa Mg comiccheHDA
to stationaty KOBPLEdHt elaekl@NiaCsire3di fbu6@BdNasE0Em al | owi ng said HDA said
limted anount of substantially free rotation. 19. The system according to
claim 18, wherein said connector conprises a folded flexible cable(282).

20. The system dé8e¥efi A§(a)oard 6PN FrofiHdIcereR3EPY O RFRSC BB OTPEPPEdon a
sl ast ed fl exi thee meakd idg( 2fide )duridg alhes syeekedpeaacdrdi Norilare!| B @) 18,

wherein salgh ¢QRAPC] Qe CAMIEL $R3nt AR dapdth@ﬁﬁ&%ggms%;g%ggg{éé)be“g (2814

281B) connected to said HDA, a sec connector. portio .
connect i on*tHUEHREER SRFUESE2 AIWBE (I tBS RESARE JP¥IRTEARf | exi bl e cabl e (282
") coupled to the top and AMENDED SHEET  26-1.~-2001 t OR990418. crew Page:

20 No~e~ 475f ~Y¢Grsrzted 2nROthMHRRBE GIrdh1 DOV LA on 8 62, | d:pka06d Laki ng
salzg top agd f.otstommconneict or pgrgl ons. aé . _The s%stem,accor ding to claim
1, *Rher ei n"SAH s PY TEPEPE P UM & LS5 APF e SR SUSYBr 1 EPE AT EAPER ESEH)
and fl exi bFerzxataddiy 8n8” (1282sp1253)tharkengdéts tof pProvndentponer Thettim RBA.

23. The sysh&im AaCRilira014(8) ANke FRGAUENG 1A BLBLELY chBerdiAths dedxt he
form of anrgglcctli%xsxugeee’n gg Ct:lhgsétq:gcgn?'ei,n% ?géaléggr? ’I‘ ’Thgpeiatqgle? aart]:getgai.—smléhnt
according to the present invention is very attractive in, for example,
25 server class computers where interference between a multitude of HDDs must

be kept at minimum in order to achieve best data rate.

Second Exemplary Design

30 A second exemplary design, as shown in Fig.17 and 18, uses a
modified base plate structure to incorporate a theta-mount according to
the present invention, within the standard 2.5" form factor of the drive
(i.e., in-form-factor design). The prototype design incorporates an outer
frame 173 design which packages into the existing volumetric envelope

35 presently realized by the 3.5 form factor. The HDD (baseplate 171) itself

forms the inner-frame onto which flexures 174 are attached.

As shown in Figure 17, the second exemplary design includes an HDA
170 with its cover and internal compeonents removed for clarity. The HDA '

40 casing 171 is coupled to (e.g., fitted onto) an electronics/connector
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4. The system according to claim23, wherein said suppor
g'urroundsys‘ﬁpd’lﬁﬁiﬁsencl osure and the space in the said struccii@pdondddo
outside the HDA (290) is filled with a coLrpI ![a{lt ga]'g g:l ?r:sdi(ﬁ?nzgm Q%U(G“mli
t least one of a vibration danper, a hea rans _ _ -
gzoﬁsti c buffer. 25. The system accordingo claim 23, wherein said HDA
enclosure is part of a renoveable hard disk drive (HDD). 26. A mounting |
system for a head/di sk assenbly (HDA) of the type including at Ie?st Onﬁt o
i nf or mat i orM¥ A atfe . détk posh SPi waich are WA ﬁﬁnsa&@l@ES&dlé'#gt ?%/%l%{%i%%gda
STk ol 3 e e PRl B Rk 7 SRR e angans: (07
di sk; 1d Palil s ' . . A
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of subst ant§°&FI§A fonte thet ftdrenlof asaird:nI—Em?jjng :_hg@.Ct! ogl toagld)vg(r:r?lrjgt 81; sai
' bout an axis parallel to those of said spindle an _
?ﬁgﬁggrtg rgducbe Vi br%!toi on.in said HDA; wherein said mounting conprises a
bearing system (87, 94y, @t dliSreFreofabii sryaBAro ey PHiRigueesposid) - Ye(H)i, vot
[ AR HDATe Gtedbl othowMMENBEDE 1Sk details (e.g., outlined by phapto
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SA/;QI JQR" c_bcuv] } ~YZgh} wgkf a\ W\R] ca] ca] ca] ca] cal] caU] cal] cal] cal] cal] ca] ca]
éa]]coa] ca] cal] ca 1] erig eberaach] oha Ljvehsodd adee bhaffied the existing HDE base
n €akCad GRiIMMIn the infeqri .
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Figure 20(a) illustrates a pPlan view of an HDD 200 mounted in an
inner frame 201 having a flexure 202, which in turn is mounted in an outer
20 frame 203. The HDD center of gravity is shown at reference numeral 204

and a pivot-fixed center of rotation (e.g., offset from the center of

gravity) is shown at reference numeral 205. Figure 20 (b) illustrates the

HDD with the outer frame removed to show the pivot 204 in greater detail.
25 Figurgs 20(a) and 20(b) illustrate a third exemplary désign in which.
the rotation point was fixed by providing a pivot 205 via a journal
bearing represented by pivot 205 itself.

The journal bearing 205 is for supporting the weight of the drive

30 200, and the flexures 202 are used to regstore the drive to a neutral
position under idle mode. In this design, the pivoting axis of the journal
bearing 205 and the pivoting axis of the flexure system should preferably
coalesce to a single axis. Otherwise, the configuration is over-
constrained and free rotation of the drive, in the desired theta plane,

35 will be rendered difficult or the system may shift in the plane of desired
rotation. In the tested prototype, the flexures 202 had to be softened to
allow a minimum amount of stretching action while providing the rotational
freedom. This was performed by forming the flexures into an “8&* shape
configuration. The results from the third exemplary design were found to

40 be comparable to the first exemplary design.
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a] &a] ca] caFéa]%}E] éa‘] d‘&]iéa]fcra]'%e?]?éa]f@af cdfeca}icdngdelements will form an arc of
&10%a&' ()a- 3ZANKR (€ )g.9 sl#:luﬁ%x&r‘ﬂ. - 22.as %1896%e@) 1P, The circle’s center

S105! () 1057 () PHBRSE £0%k ) 19500 T0 R TRV EF: Stk 15 Coh ok 1005

& ()--1T:"10% ! & ()--!< 98109%90&' ()-M
~ =T #109& () - |as 1080’14 )Pig0PAs&2S )a) 48 23 (b) which respectively show a

30 perspective view and an exploded perspective view of a HDD 230 having a
top flexure mount 231 and a bottom flexure mount 232, the flexure based
theta-mount provides an opportunity to minimize acoustic coupling between
the HDD and the computer structure., By choosing a material that would
offer both elastic behavior as well as damping, the acoustic energy flow

35 can be limited. Heat transfer through conduction is nevertheless degraded
by a theta-mount supported by thin flexures 233 (e.g., about 5 mil), each
having a height of about 1 mm. These are on both the top and bottom
mounts. However, by deploying a multitude of thin flexures 232, the
design can be optimized.

40
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that would facilitate either out-of-form-factor (e.g., Figures
24 (a)-24(c)) or in-form-factor (e.g., Figures 24(d)-24(e)) theta-mount

design.
10

Figure 24(a) shows a Z-design where the primary motion is tangential
about the pivot point. Flexures that allow not only tangential
displacement, but a substantially low radial displacement are the S-design
and the accordion design respectively shown in Figs. 24(b) and 24(c). Such

15 freedom is required to relax the constraint of the design when a positive

pivot point is provided by a bearing such as that shown in Fig. 20.

For the In-Form-Factor theta mount, Figure 24(d) shows a plain
flexure design, whereas a slotted flexure is shown in Fig. 24(e) which
20 allows lower stiffness (e.g., for a given Z-height) in the tangential
direction, while maintaining high stiffness along coordinates involving
Z-direction height. It is noted that it is possible to use different types
of flexures on the same HDD mount. Thus, the invention can make any one
or more of the X, Y, and Z-axes more or less compliant if necessary.
25
Figure.25 shows an example where a flexible electric circuit 252 is
used to free the mounting frame 251 motion from the HDA 250 motion and
allows the electronics card 254 to be attached to the frame instead of the
HDA. Similar arrangement is made to provide power to the spindle motor as
30 well, via a link 253. The relative displacement between the HDE 250 and
the mounting frame 251 (e.g., having a 3.5“ form factor) for a 0.1 deg
rotation is less than 0.1 mm at a distance 50 mm away from the pivot point
of HDE. This is a very small mechanical motion that can be provided
relatively easily using a flexible circuit link. Thus, a flexible
35 electrical card can be provided for increased flexibility and

applications.

Figure 26 shows how a theta-mount 260 can be employed as an
integral part of a computer chassis 261 rather than a feature included as

40 a part of an HDD 262. This design will find benefit especially with
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mount outer frame as was taught by Figure 25. These could be used with
conventional HDDs that are used with out-of form-factor theta mounts or
20 which are encapsulated for other requirements. They could also be used for
removable modules as taught by Figure 27 and would also be beneficial to a
server/storage array as taught by Figure 26.

For example, a theta mounted HDD 280 is shown in Figure 28(a). The
25 details of the connector are shown in Figure 28(b) and includes a
connector 281, attached to the drive electronics card ( which is mounted
directly to éhe HDD), a folded flex cable 282 coupled to the connector 281
and at another end to a connector 283 which is attached to the computer
(not shown) or the like. As shown by the double headed arrows A, the
30 qconnector is free to move in a lateral motion normal to the direction of
insertion of the connector 281 into the HDD 280.

Similarly, Figure 28(c) illustrates a theta-mounted HDD having a
connector portion, the details of which are shown in Figure 28(d). This
35 arrangement is similar to that of Figure 28(b), but a slotted flex cable
is utilized instead of the folded flexible cable of Figure 28(b). The
large length to width ratio of each “finger” of this slotted cable allows
the connector 281’ to move freely in the direction shown by the double
headed arrow A’ with a minimum of resistance.
40



10! pl L- (10%' ()-G !0l L-(109%*& ()-G

* (J).OCE}&' (§ - !W\O’/éi)leﬁwﬁ 0)-: !($%&10%&' ()-: Y#@O%& () - GvrOnOx OOOPYRQGEAB ol &Y

&10%&'()-S.lo%&'()-!%io%hw&'()--![O%iO%SS&'()-:%iO%&f():- 10

109QRRSTTUZ[ 9?78 10! P(M 10% & ()- '"10% ()-!'h' | &10% " & ()--!Pﬂ&gOﬂﬁJG 2004

& ()--FS&LO%&! & () - Y!' gFS&10%++& () - YUVIXrHs Xt XuXXX{ Y: 0! . .

10%m&' ()-!00" 10%& ()- 10 10 104s' 109& ()-!T4s'109%& ()-!T (M 10%& g)- .

XY@ZZL[[CEWLB{Y:O"10%“&'()-!P'10%&'()-!|é&,&lo%ﬂﬂ&f()--!{&,&lo%& O--!"" @&

09%NN&' () - ! 0@10%6(del) - Hgute 28 (@aAVWITAsEratEs a theta-mounted HD haH‘_n 8100 .
PF yl 10" 109K de ks 21 P9 ()4 cl) &LOYR () - ! q) &109& 63- SRG &1 0%,

()- nax( asathecl Te: drovery) S Retb b e ) v S wlousd s (o) T

¢

*10%p& () gifﬂg,eﬂ}el%&-u%)lifyqi 1D %RP(3nd Qg?;@mf Cginentdl+281d %fi lﬂs%E’P&: Tob-

|{* ] %" 106@B&ctyr 20AI 96 2E09@RE €9 the dombbilHEodnketdih 2 10L& bk 1 over

1 CLE10% * Bobdreck bl skl 4o @adsila S Q) 54h0%E, () 100 1) " ™=
formed between the top and bottom connectors. A slotted flex cable 282"
is utilized, interposed between the vertical linkage 284, to connect
connector 281A to the connector 281B instead of the folded flex cable of
Figure 28(b). The relative motion between connectors 281A and 281B is

10. shown by the double headed arrow A".

Figure 29(a) and 29(b) show a configuration where the space between
HDE (e.g., theta- mounted HDD 290) and external frame 291 or encapsulating
.module (of Fig. 27) is filled with a compliant material 292 that would act
15 as a vibration damper, as a heat transfer medium, and/or as an acoustic
buffer. The details of the connector 293 afe shown, for example, in Figure
28 (b). Thus, the external frame may be filled with acoustic and/or heat
reducing material (e.g., liquid, flexible polymer etc.) which allows free
rotation and yet serves as a heat sink and acoustic damper.
20 '
Thus, with the unique and unobvious aspects of the present
invention, the three vibration challenges of an HDD are solved , in a
simple, low-cost solution to the seek-induced transient dynamics.

25 Moreover, the novel mounting frame is more robust against vibrationm.
That is, the invention provides a sSystem in which a seek induced
settle-out dynamics problem has been solved using a unique rotational
mount concept by effectively compensating for the three vibrational
components (e.g., self-generated vibration, external vibration, and

30 emitted vibration) to provide a high performance computer storage

configuration.

It is noted that the same design principles are easily extended to
HDDs having any other form factor different from a 3.5”.
35
Thus, with the invention, a 2.5 form factor HDD can be mounted in a
notebook computer with a theta mount which will improve rotational
vibration performance while providing rotational shock protection.
Further, a disk drive can be mounted in an automobile with a theta mount

40 to protect the drive from engine and ride-induced vibrations.
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‘a rotary actuator for positioning at least one head relative to said
disk;

said system further comprising

a support structure (86);

means (87) for mounting said HDA rotatably on said support structure
to permit a limited amount of substantially free rotation of said HDA in
reaction to movement of said actuator about an axis parallel to those of
said spindle and actuator thereby to reduce vibration in said HDA; wherein

said mounting comprises a bearing system (87,94), coupled to said
HDA, providing a positive pivot point for said HDA rotation.

2. The system according to claim 1, in which said mounting means
comprises a plurality of bearings (103,221), coupled to said HDA,
- providing a virtual pivot point for said HDA rotation.

3. The system according to claim 2, wherein said bearings are provided
as flexures (103).

4, The system according to claim 3, wherein said flexures (103,174) are
coupled to the corners of said HDA.

5. The system according to claim 1, further comprising a mechanism (83)
for returning said HDA to a neutral position.

6. The system according to claim 5, wherein said return mechanism is

provided as a light spring(83) coupled to said HDA.

7. The system according to claim 5, wherein said return mechanism is
provided as a plurality of flexures (202) coupled to said HDA.

8. The system according to claim 7, wherein said flexures provide a

virtual pivot point that is matched with said positive pivot point.

9. The system according to any preceding claim, wherein the centre of

gravity of a moving mass comprising said HDA coincides with said axis of
rotation of said HDA.

AMENDED SHEET
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further comprises an inner frame (102) and an outer frame (104), said

flexures coupling to said inner and outer frames.

12. The system according to claim 2, wherein said bearings (260) and

support structure are provided as part of a computer chassis (262) .

13, The system according to claim 9, wherein said HDA further comprises
one or more additional masses (82) used to move the center of gravity of

said moving mass said HDA to said axis of rotation of said HDA.

14. The system according to claim 3, wherein said flexures are Z shaped,
S shaped or accordion shaped.

15. The system according to claim 1, wherein said bearing system

comprises two bearings (211,212) on opposite respective sides of said HDA.

16. The system according to claim 15, wherein said bearing system

further comprises a ball bearing, a journal bearing or an air bearing.

17. The system according to claim 1, wherein said bearing system further
comprises a plurality of thin flexures(232) to allow removal of spindle
generated heat.

18. The system according to claim 1, wherein said HDA further comprises
support electronics and a connector to connect said HDA to stationary
computer electronics, said connector allowing said HDA said limited amount

of substantially free rotation.

19. The system according to claim 18, wherein said connector comprises a
folded flexible cable (282},

20. The system according to claim 18, wherein said connector comprises a
a slotted flexible cable (282').

21. The system according to claim 18, wherein said connector comprises
top and bottom connector portions (281A, 281B) connected to said HDA, a
second connector portion (283'') for connection to said computer

electronics and a slotted flexible cable (282'') coupled to the top and
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22, The system according to claim 1, wherein said structure further
comprises HDA support electronics (254) and flexible connections (252,
253) are used to provide power to the HDA.

23, The system according to any preceding claim wherein the HDA is in
the form of an enclosure, enclosing said actuator, spindle and disk.

24, The system according to claim 23, wherein said support structure
surrounds said HDA enclosure and the space in the said structure (291)
ouside the HDA (290) is filled with a compliant material (292) functioning
as at least one of a vibration damper, a heat transfer medium

and an acoustic buffer.

25, The system acoording to claim 23, wherein said HDA enclosure is part
of a removeable hard disk drive (HDD),

26, A mounting system for a head/disk assembly (HDA) of the type
including at least one information storage disk, a spindle on which said
disk is rotatably mounted and a rotary actuator for positioning at least
one head relative to said disk;

said mounting system comprising:

a support structure (86);

means (87) for mounting said HDA on said support structure to permit
a limited amount of substantially free rotation of said HDA in reaction to
movement of said actuator about an axisg parallel to those of said spindle
and actuator thereby to reduce vibration in said HDA; wherein

said mounting comprises a bearing system (87, 94), coupled to said
HDA, providing a positive pivot point for said HDA rotation.
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