COVPUTER COVPONENT VI BRATI ON | SOLATI ON TECHNI CAL FI ELD Thi s
di sclosure relates to isolation of conputer conponents, e.g., hard
di sks, fromvibration. BACKGROUND 5A typical conputer conponent with
noving parts, e.g., a hard disk drive, is sensitive to vibration. For
exanple, as vibration of a hard disk drive increases, read and wite
off track errors will also increase. Wth enough vibration damage to
the media can happen. A hard disk drive is typically designed by the
manufact urer NEONMPEAFRCOIIONERY WMBRATIONISOL ATIC0N
t hroughput. For exanple, a hard disk drive is typically designed to
account for vibration caused bylFeHMI¢8kdFLPhe platter of the hard
di sk drive, nOVERER R ORed é@%%h%?e&%@r cﬁﬂﬁonﬁeh@, e'.g.,‘ﬁﬁrd disks, from
However, when multiple conponents wth noving parts are nounted on a
comon suppbrtiontructure, e.g., a notherboard or a tray in a server
rack, then the 15vi brational energy from one conponent can be
transmtted to another conmponent. For exanple, if nultiple hard disk
drives are nounted on a common sH#gsdteR ture, the vibrational
ener gys from oney §3fc8 dhnpliefdnMRn&RViRe iR pafiE e d Hhil ARANEis har d
di sk drive. As another exanple, fans are also a common source of
vi br at i onatengifierigyibrative. Fercxamplechsvitisetioniodp herddiskdeivengisasehaeadgnéncy
I nter Va! AYFileRer tFRRErQE Wi é]E@in%geaWiﬁ%oﬁh_\Iilg}gtic!?lacfaglagé 1%‘?11(32195&& Vdn:
A technique to reduce the transm ssion of vibrational "energy Is to
mount t he korporfebrrs dighdrvees bnjsply designediot he saughaigrennos fosexetrd adanpi ng
material, &.Gfied RtehbySHRAlRAREE saﬁ&ﬁﬁdealvib[reh@iu?‘?gﬂsEén%st ‘%é%fHQ%El@@ﬁtﬁlW th
greater resistance t'o vibration are avallable for purchase, but at
hi ghefo coswrite2BSUPARY or example, Abard dissdriaboviicain designe i ago@int Hr
| sol ate coppulr GGk JHAMMPEARL ki kA ITRULMeRE: figmPOnent s
using a vi scous éhnpl g material” wever, such nduntring

read/write head, and the like.

However, when multiple components with moving parts are mounted on a
common support structure, e.g., a motherboard or a tray in a server rack, then the
15 vibrational energy from one component can be transmitted to another component. For
example, if multiple hard disk drives are mounted on a common support structure, the
vibrational energy from one hard disk drive can be transferred to another hard disk drive.
As another example, fans are also a common source of vibrational energy. The increased
vibration can increase the latency interval during read or write operations of the hard disk
20 drive.
A technique to reduce the transmission of vibrational energy is to mount the
components on the support structure using a viscous damping material, e.g., a viscoelastic
material. In addition, components with greater resistance to vibration are availabie for

purchase, but at higher cost.

25 SUMMARY
As noted above, one technique to isolate computer components from vibration is

to mount the components using a viscous damping material. However, such mounting
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structures tends to be expensive. In addition, in sonme frequency
ranges, a hard disk drive's performance is nore sensitive, e.g., by a
factor of 100 or nore, to rotational vibration than translational

vi bration. Mreover, sone recently manufactured | ow cost disk drives
are less sensitive to rotational vibration at |ower frequencies than
prior disk 5drives. In view of the foregoing, the present disclosure
sets forth various techniques to isolate a conputer conponent, e.g.
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assenbly may include a base plate, a carrier, a hard disk drive

i nserted | &t Keends riodyced {ovaceshisk divek A Se0uliveasEndl fEEaHeDEicAAPAYE 5P ndl e
speed, andyg vibration isolation systemincluding three isolators
connecting the carrier to the base plate. The three isolators are
spaced at di ff dneprasperg CAMPPESTAIROAIN IOBUHE 2ascabht inelpdesgibate plahe
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i sol ation system ffas a rotational natural quency about the central
poi nt equalsolatirnowstere g ludingrthisasolatirf copfiecting theanrimtimtispiasiplete speed of
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assenbly in es a ba or  conf I gure recelve a
hard di sk ﬂbmveyEdemmhﬂeelsgmfaggin@hﬂ@tmﬁmgnmhek@anpmeﬁwmdwshe base

pl ate. -I_r"ercﬁfattfL I?Eﬁ n§t8:rail ﬁ%e%y%b&ﬂ%eec%n@&l pgf.nt I)fqgs%%anq@gy. ar positions

around a cen
20 In another aspect, a hard disk mounting assembly may include a base plate, a

carrier, a hard disk drive inserted in the carrier, the hard disk drive having a maximum
spindle speed, and a vibration isolation system including three isolators connecting the
carrier to the base plate. The three isolators are spaced at different angular positions
around a central point. The vibration isolation system is configured such that the

25 vibration isolation system has a rotational natural frequency about the central point equal
to or less than one half of the maximum spindle speed of the hard disk drive.

In another aspect, a hard disk mounting assembly includes a base plate, a carrier

configured to receive a hard disk drive, and three springs connecting the carrier to the
base plate. The three springs are spaced at different angular positions around a central

30 point. Each spring has a first spring constant in a first axis passing through the connector
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30point. Each spring has a first spring constant in a first axis
passi ng through the connector 2 and the central point and a second
spring constant in the second axis that is perpendicular to the first
axis and parallel to the base plate. The first spring is greater than
the second spring constant. In another aspect, a vibration isolation
systemincludes a base plate and three 5 isolators connected to the
base plate to support a carrier that receives a vibration sensitive
conput er caedplorrentral pFineandhrseend smﬁrmtc‘@nsalaﬁleths p@erecﬂamth@tiif paaspaaricular
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vibration natural frequency different than the rotational natural frequency and has a
lateral vibration natural frequency different than the rotational natural frequency. The
vibration isolation system may have a rotational natural frequency about the central point

25 of less than 45 Hz. The vibration isolation system may be configured such that its lateral
vibration natural frequency is greater than 20 Hz. The vibration isolation system may be
configured such that its vertical vibration natural frequency is greater than 20 Hz. The
vibration isolafion system may be configured such that the vibration isolation system has
a rotational natural frequency about the central point less than 30 Hz. The vibration

30 isolation system may be configured such that the vibration isolation system has a
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30i sol ati on system may be configured such that the vibration

i solation systemhas a rotational natural frequency about the
central point between 15 and 25 Hz. The at | east one of the isolators
may include a flexure having an S-shaped cross-section in a plane
perpendicular to a first axis passing through the at | east one of the
isolators and the central point. The flexure may have a width al ong
the first axis and a thickness that is 5less than the width. The
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conput er conponen carrter
plurality oblisemsy connect an end of the carrier to the printed circuit board. The vibration

isolation system may suspend the carrier above the base plate such that air can flow

20 through a gap between the carrier and the base plate. A thermal interface material may
improve conduction of heat from the hard disk drive mounted in the carrier to the carrier.
A plurality of fins may project from the carrier into the gap. The central point may be a
geometric center of the carrier or a center of mass of the carrier and the vibration
sensitive computer component. There may be a plurality of carriers and a plurality of sets

25 of isolators, each carrier of the plurality of carriers may be configured to receive a hard
disk drive, , each set of isolators may include three isolators connecting an associated
carrier of the plurality of carriers to the base plate, the three isolators may be spaced at
different angular positions around a center of the associated carrier, and each isolator may

be less flexible along a first axis passing through the isolator and the center of the



250f isolators, each carrier of the plurality of carriers may be
configured to receive a hard disk drive" each set of isolators may

i nclude three isolators connecting an associ ated carrier of the
plurality of carriers to the base plate, the three isolators may be
spaced at different angul ar positions around a center of the

associ ated carrier, and each isolator may be less flexible along a
first axis passing through the isolator and the center of the
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Implementations can have one or more of the following advantages. The
mounting structure can isolate a computer component, €.g., a hard disk drive, from
20 rotational vibration, e.g., at frequencies above 50 Hz. Latency can be reduced. The
mounting structure can permit packing of computer components on a base plate with
limited lateral spacing. The mounting structure can be compatible with existing
constraints of vertical spacing, e.g., in a server rack.
The details of one or more implementations are set forth in the accompanying
25 drawings and the description below. Other aspects, features and advantages will be

apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS
FIG. 1 is a perspective view of a hard disk mounting assembly.

FIG. 2 is a top view of a hard disk mounting assembly.
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nounting structure can permt packing of conputer conponents on a
base plate with limted | ateral spacing. The nounting structure can
be conpatible with existing constraints of vertical spacing, e.g., in
a server rack. The details of one or nore inplenentations
are set forth in the acconpanying 25drawi ngs and the description

bel ow. Ot her aspects, features and advantages wi ||l be apparent from
the description and drawi ngs, and fromthe cl ains. DESCRI PTI ON OF
DRAW NGS FI G FIGS3 iaapesspaot vieve of/d ewiaffora Haatl dislkdi sk mount i ng

assenbly. FIG IS a . top view of hard, di.sk nounti ng assenbly.
FIG 3is a peﬁ%‘e@fF\tloé"J\C/I)?“é\c/’vte%?mgr?%{ra?’iaredrdj]?l‘or a hard disk. FIG 4 is
a top view of FIGHA ik epefpctiee Haw df € isMatoF-l G 5A is a perspective

view of an isolator.. FIG 53 is a perspective view, of l.sol at or
bei ngat t ached 0 1 Fapeisrerivirs pbt Sapprrerated e B Bl oSG L ew
of an g sol at or AGIACHEPedspectvd Abw of ardisslAbr atRthcdnéla tad ofia parfieraind the
base pl ate.. FIG 6 1s a side view of an inplenentation of a
hard di sk RibaRthedgscdddenbl y having two base plates. FIG 7 is a side

vi ew of anot herpiGrgk @ JRBY R ¥7an @hpldferitfRh AF & hard ¥RkinteRntiRf Licaivte
synbols in the various draw ngs indicate |ike el enments.
having two base plates.
FIG. 7 is a side view of another implementation of an isolator.

10 Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
Referring to FIG. 1, a hard disk mounting assembly 10 includes a base plate 20
and one or more hard disk carriers 30 supported on a face 22 of the base plate 20. Each
carrier is supported on the base plate 20 by a vibration isolating assembly that includes a

15 plurality of isolators 40. Each vibration isolating assembly is configured to provide an
associated carrier 30 with a different, ¢.g., greater, isolation from rotational vibration than
from translational vibration over a first frequency range. In particular, at least some, e.g.,
each, vibration isolating assembly can be tuned to a natural rotational frequency between
45 and 10 Hz, e.g., between 30 and 10 Hz, e.g., between 15 and 25 Hz, although other

20 natural rotational frequencies could be selected depending upon the expected energy
input. For example, the vibration isolating assembly can be tuned to a natural rotational
frequency that is equal to or less than one-half the maximum spindle speed of the hard
disk. Thus, for hard disk that nominally operates at 7200 rpms (120 Hz), the vibration
isolating assembly can be tuned to a natural rotational frequency of 60 Hz or less.

25 Consequently, the vibration isolating assembly is configured to isolate the carrier from
rotational vibration at frequencies somewhat above the natural rotational frequency, e.g.,
above 40 Hz if the natural frequency is between 25 and 15 Hz.

In addition, each vibration isolating assembly can be tuned to provide lateral and

vertical isolation at a different frequency than rotational isolation. In particular, at least
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DETAI LED DESCRI PTI ON Referring to FIG 1, a hard di sk nounting
assenbly 10 includes a base plate 20 and one or nore hard di sk
carriers 30 supported on a face 22 of the base plate 20. Each carrier
is supported on the base plate 20 by a vibration isolating assenbly
that includes a 15plurality of isolators 40. Each vibration isolating
assenbly is configured to provide an associated carrier 30 with a
different, e.g., greater, isolation fromrotational vibration than
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rotational
Referrmg to FIG. 2, the locations 31 in which the carriers can be secured on the

base plate 30 can be arranged in a regular array. The array can be a regular rectangular
20 array with multiple rows 31a, 31b of positions 31 for the carriers 30, although other
arrangements, such as other arrays, e.g., hexagonal packed arrays, or irregular positioning
of the carriers on the base plate 20, are also possible. Although FIG. 1 illustrates eight
carriers, an assembly could be constructed with just one carrier, or with a plurality of
carriers, €.g., two to eight carriers. In addition, although FI1G. | illustrates a 2x4 array,
28 many other configurations are possible, e.g., just one row. In addition, although FIG. 1
illustrates each location in the array as having a carrier, it is possible for some locations in
the array to lack a carrier, e.g., as shown in FIG. 2.
In some implementations, a plurality of pins 38 project from the base plate 20,
e.g., project perpendicularly, e.g., vertically upward, from the face 22 of the base plate

30 20. The pins 38 can be used to set the positions of the isolators 40, and thus set the
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The base plate 20 can be a rigid material, e.g., nmetal. The base
plate 20 can be a tray that slides into a rack, e.g., a server rack,
e.g., a 19-inch rack or a 23-inch rack. For 10exanple, the base plate
20 can have two opposing edges 24 configured to slidably engage two
opposing rails of the rack. By increasing the size of the base plate
20, rotational inertial of the systemcan be increased, thus reducing
rotational vibration of the system and reducing the |ikelihood of off
track err grositivhudl aféfetuirivg(s) 3t @rtby bandlatel0o Thérp wan behsst efayinsifer eaclB0
can be secur et ac h I The
15 carri erk® @%h]@aﬁlg%ﬂo ARG r?H egge,tane zb?mm? rotf %ﬁ%@%gcélg)o?e%ﬁalé»gs:tl J"

by hand anfdr swdrheuThe faqnber bﬁ;gns mbomtlabce&a&lmgnmf cancbﬁpqwét'a:ttbe nﬁﬁnlmr

carriers 30..c eri.a hou her
ot or a1 s, oo g et pEecnarg e sk % e T BACHARSHIE 5
t he | acat i hoen JLFIGN1, Whire fre fhig pha3g hed Huciaslatos 49eetsechtiohcatrive ptsdike.

pl ate 30 can be arranged inare r C be

regul ar r ePHHGHILPTSORPERF RIS E‘UFP?@TGET“ TBWSI};?:Slg faq./r ch"{&oﬁﬂfﬁ%ttf’ons
31 for thecdmadd ihekariaf30 Bhidmbahaebhem Aakiande s splaitahitiass, mbher
arrays, e.g., hexagonal packed arrays, or_irregular osi tioni ng

the carri efan gis isqhEonsas be panapcdedig a sipgle piit 3% 8o ‘?BPI@ OrSQOPRRSIRGIO i G 1

illustrat e@;&b&f&rn@@rorh@daﬁjacan cASRATRHM bs@wndctmoqmtﬂew ed with
just one carrier, or with a p uraltfy(iof carri wo to eight
54

carritrs. In additniagto Iﬁﬁtshbefﬁ# ey °‘i“f“|“d’§ﬁrtdé§9§§1b5 @Q@f\é?? &3 be

25many ot h&taurg@{aftmgws%&la&% FhepeBAShRhtve [%sﬁiomedlzﬁkﬁfgaQB@ 3PY I N
addi tion, although | ustrates each | ocationin the array as

havi ng a claeations 31 for the sarpiessy- i eetwenn tap Faws| 3daad! b gheariierst Refering & t o
lack a cargicey ey lgir(f dl%flﬂ%%\ml]gdt% l%laci\’n a%amer 30 can be efe&r:%ﬁﬁecoupled to

i npl enent at’i ons, ura pins 38 project fromthe base plate
20, e.g., e BpéétSOpberapele:ﬂﬁXd:ri¢ ymdectlgg mediapy; pushleb flexibadntd catfling At he

face Of Fgr ?:«Hpﬁg %1 Hbqe g’g%gabllﬂ- & %13, S%%A%agmbe &JS§,Qm£ &bﬁﬁé int he

p05|t|ons 0 elso ors s set ositions 31 of the
carri er ('s)wBioh erret e bw@emﬂrae@ntmndlﬂdea etrgwp shas ta insedaseoflexiility of e

each potenf Ibﬂl 1?[ I ta!t19 rly OS?ktbﬁ:eaJaFl #)g Gse%QOr ap%wgr COnﬁéh]lgl%u %% ?&3&&18%{18

pins for e4C ion for a
per pot ent daﬁd/pmmtﬂmg ﬁé)mtliardranq:alg ingtlequal digkalrivh €0 duedtlgrintofthe PCBA
i solators 40

sed rrier the g 0. In
t he i npl enléarﬂ‘éf’ OHarg%sg\% O%mt%lo 4 “ReIEY Plegfvr"%eng]r} e o%?égm%s ® gangbnd f our
i sol ators AQugeer Emtmmﬂeadatmbﬁngﬁm qua\ta adirst cbhxmtoeﬁé pluggeslomm the
i mpl ement Igere C tha {Dour . ed
to connec?{) #ﬁé%&fﬂl &reo8 C?’We?tﬂ zﬁlélorbel%zi‘? &5 O heuddi |(gﬁ?’ar%ndvl%orre
i npl enent adiee,is B iftb A canRtr BGahattny secaid becpRnEeiibdat @ de sardgl e
pin 38, two_isolators cted to ad acent corners of_.two
adj acent cg'rs'f ij"é‘fesﬁoc%‘ﬁllfa Oa‘é‘rdc‘gﬁh‘gb"teég 33N hg%l SEoRd connector 57 cafy
simply be unattached). Although FIG. 1 illustrates the flexible data cabling 54 at each
25 carrier, some of the carriers need not have the flexible cabling, e.g., the flexible cabling
could be attached after the hard disk drive 60 is in place. The PCBA 50 can be secured to
the base plate 20 in a “vertical” orientation, i.e., the board is oriented perpendicularly to
the face 22 of the base plate 20.

Each carrier 30 is configured to receive a hard disk drive 60. In particular, some

30 carriers, e.g., each carrier, can be configured to slidably receive a hard disk drive. In the
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10Returning to FIGS. 1 and 2, a printed circuit board assenbly (PCBA)
50 can be secured to the base plate 20. The PCBA 50 can be positioned
along a row 3la of locations 31 for the carriers, e.g., between two
rows 3la, 3lb of carriers. Referring to FIG 1, each hard disk drive
60 that is held in a carrier 30 can be electrically coupled to the
PCBA 50 by a suitable flexible conducting nedium such as flexible
data cabling 54. 15For exanple, the flexible data cabling 54 can be
SATA cabl iingplenentgtion BAFAtaddb FIh ], ei:an 1 whitiglvaninclage hh@te)nbﬁleuﬂ 182 pat atlled

|nt0|nd|V| tran 0 eerX|b|U ecallng
Al ter nat i V¥ V?Jr et %ar%!fﬁ%t}é lﬂag lr&%?? - SWEP Oscl:nc?nsr'le alg%snltsog U ng
fl exi bl e diadrabpssrd sn@e%bfth@@oﬁéln patehtﬁﬁ dnha\no ﬂhtt@gl{lﬁgextdﬂéinga’rwhrdiysk

orLve 00 CLLeRtblulnLe e BORA BEE Rl anG, LLATAN 25,00 Sl 1k Lona

flexihle dafdan®ailsihd thdugan dpay adaldsi dfsie aeRARGEA N T Holtoy @it 102t 0

t he PCBA 50, and a second connec or. 57 Lgo iti oneg ﬁ)t on engl of a
carrier 30Andifft beweey e BYaopratipg g fetdafﬁéo tetcBer iy SRR be.gf e atde 80,
then the s@eenteRPrecURPCEBA i (ste FTBEH. t 0 the hard disk drive 60, but
if no hard disk drive 60 is present, then the second connector 57 can
sinply be unat tPagteas !l hararfgdgearmake direrd q°ﬂ§‘ﬁtrt89@é°s‘tt?1‘édq‘sIoéﬂieﬁﬁ’éi dat a
cabl i ng 54d1§$ diRR%0 t@ﬁ&@ﬁ{édﬁ(fﬂ: 6@% eﬁmﬁl@%a@é}frfng@é% RE6G H&Ve the
flexible cabling, e.g., the flexible cabling coul d be at ed after
the h#rd déoskectipn 9&306e, can mrmeﬁquvalwélom@m gotlléaﬁrlbr40§@6%ﬁté%ﬁlt%d t he
base plate l?an ng ﬁ'xa Mﬁfsgljte(a%to tl%rda?rn:} 3§, i gmee the feaf Sphﬂgs ap@ﬁrsgrléssmth the
oriented perpen |cu he face 22 of the base pla )

Each carriieela®® 4IOSth€30¢ﬁﬁ1lngﬂH¢1E60fte® threctote] nagural fmp@wm P@Rpémd to éheG]é. 25 He
parti cul ari,solgt%pgeség}carri ers, e.g., each carrier, can be configured to
slidably receive hard disk drive. In the inplenentation
illustrated in ”ﬂ*}b@xmtﬁlﬁioesadhlmlaﬁﬂo'maﬂatca@ﬁ dndolde glatea l%tétndﬂrmp]bmébamt

t hat be. h . r e a

opposwng s?ndtge ?cir fscl%or Dg% ol ‘“r%ﬁ Ggge?%%erﬁk%egﬁg%éﬁ%tél?g%ﬁeﬁo %g ﬁg‘ﬂ E)ot tom
plate 102, la@&d(etgwcs:zfadl mngmslﬂﬁﬁt}mxﬂémdﬁﬁg il xihar. dlaytypva 8. 5titieh Haot digkm
plate fromthe f the s us i sk
drive 5 682[1'&‘%5{9 |nh°§’g‘fe§ %erss(?ﬂyghwglﬁ%ocateknd%g gécéﬂb%r £¥ ﬁe%uggﬁ?tlhgr to
rest on therbaldonmypcaie ikbZedaidugh toldsat vheeantumh@lata/\m@ppxdsplags $hde

pl ate 104. The en. si the . si f the,carrier
opposite ti¥ chEngt glg‘%d%gﬁ T)tPEh A disk G @i’ Aﬁe sesPq RanesF Pl 8 30
can ngke dihe @etible@dataasiling G5 oppastiied tSihdesd cﬁtfthd daeridna et té sposid side 0
to hold the drive, 60. For exa npl e n wi.th a spring
rate 10 coMA&RYYe 195 Bbe 5!920“ ﬁ"eﬁ?of)?zlﬁat“ig ﬁﬁ?}’efflls'b%sth”ft%’gf P‘Srﬁ‘gl%

the carri egisk &ivewotiadld ixe oﬂ%rdm&hehﬁfrd&r di 18id nheds 16 the chigrREbeTy. i Nt o t he
carrier 30. Since the |ea rings are | serie \ilpe':hh t he_isolators
40, they céHerﬁ%tr@b'ythga?ltﬂeﬁort copBibsicovpiedIp die hﬁd:fa & 8 gty eo
the 15-25 Hzhdes& iaicQhe @65rgn. The di mensions of the bottom plate 102

and S|de pl ates 104 can be sel ected based
In some implementations, each carrier further includes multiple vertical tabs 110

orientated at an angle relative to the side plates 104. For example, the tabs 110 can
project at an angle from the side plates 104. In some implementations, each tab can
project at an angle such that the face of the tab 110 is substantially parallel to a line
passing through the center of the carrier 30. In some implementations, the tabs project at

30 a 30-60°, e.g., 45° angle from the side plates 104. The tabs 110 can be used to set the
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15 on the formfactor of the hard disk drive to be inserted into the
carrier 30, e.g., slightly larger (e.g., sized for a flush fit) than
4 inx 575 inx 1in. if atypical 3.5 inch hard disk drive is to be
nounted. If necessary, the hard disk drive 60 can be rigidly secured
to the carrier, e.g., by screws inserted through holes in the bottom
pl ate 102 or side plates 104 and into receiving threaded holes in the
hard di sk drive 60. The second connector 57 of 20 the flexible data
cabl i ng S55ekénre dmaanfahmedf th@isbilamrsetmdo pfovtdlaellechsireideaibr&@ma]tisctldrt'@nopposi te

id f th d t d
:L Cﬁ ? hat ﬁ}ﬁ@ teflﬁgs d%_cé?% lé cm, linc n &%Qg |‘:il sgo(% lfwh]cggrlllﬁn% & v\|11r1]1 o'ngge

carrier, idndbifthedsomsres. to the connector 57. A ternat| vely, the

connector 57 cqul.d be pled to the hard dis ve 60, after. the
Grivet o i ner (TR FTHG: B tuion 9 He0s PR v iEy R ons.

each oar riigslatorsrdohahe plafaliddegssonudrt 1phe syred atcaafferémb@gulaieo@mane atat ed
at an angle relative to the sjide plates 104. Foge exa the tabs

110 can pré&Petdc. 44d asppnd g semicn 360 Fr2s b ECTIST FEMATSAPId PnTlé%ﬁ%’ators

i mpl ement afj Qe afAHzBd LERiEARbRERIBE In aa&rc@msalftglh]@a%eiﬁé} polvatethe face
of the tab 110 is substantially parallel to a |line passin through

t he cent erisejptorsifan balopgtes at ggual |nfersadndpartnhpe-etent bt Fe8E PoithE Ra B

project at . 3edOxBPthe @er@er’%%gth@laﬂjrl@r e Moltss 50 S8 b@h@l@%ﬁlejn%nafhe
tabs 110 can be used to set the relative orientation of

i sol attor s 40 maye Bexgbie than thecbasrenate 20 and the garriendd) e-& SR She cltors 0
characteri c,sa}u'b%?orm%gﬁg étstﬁ?b]%%%nﬁﬂ hﬁf\!e%?qu@ ey 5@19}35@11 lﬁdl@ﬁw,l%a%h}[/\thth

will mate wth one e hels ator Referring
vi br ati on isgetoatd ¢ag basserddityai m¢qnﬂ@}§alalb’lﬁrtlwqatr¢ré$ 5| sol ators 40.

The. p! urality cﬁfﬁﬁb%&%%} Q6 %éﬁgﬂg{ e3P Cl?ag a‘?ﬁ hgll %ﬁ;ﬁ%@&&mﬁﬁ%h gﬁrst

positions 42a, und cent er , a ce of
mass, of tdwés Ahpasiiegt HBEhgh THeesohisotoatint he ddiar aﬁthbearamrthmgaé@lgeﬂ Segmdnt s

subst gnti al | !y%i Rl{ougf; e 1so?at%rQhaa%r O}%Je?}genglcflgn% Gle &I 8& a#(ﬁgarllne? d i€ La%E ors

can b& | ocH erval er por nt
46 can be glaendd azﬂdntonvuatlhlsblher é(mume ﬂﬁulojé etgléaeafqme:;prmghenst@m ators

40 b fl bl t
pl af 2n20e aﬂg]gctﬁégegg?edr eig(g‘ E%%an %lmbg a ﬂnrii hx1§ i§ug the lsotfati)r ti %r‘gp‘%englgﬁﬁ

formed by ﬁthJlbaisﬁblhﬁ m@rwﬁeaﬁxtammmgme(apm a:q)uaantsmlbeasleamj te Gnic olre
nol di ng. Each i sol a Q

h se
t he carri Patyg' vertica Vlg'été?fﬁfﬁa%fméctyé? &36{‘3?”'5‘1 V%‘E%’ af“?ﬁ% B‘iovf%e ISOFQOD %as a
hi ghego sprihBdesi@ifeqirthey @hgeng a first axis Al passing thr ough t he

connector and e £STLeAc0L (06, SSCEL . LheD Shan, Fegsond, o A2
paral | el tgdtdexkRSI84 connecting the first end 120 to the second end 122. The flexure 124
has a width W that is greater than the thickness T of the flexure 124 (the width is
measured in a direction perpendicular to the direction in which the thickness is
25 measured). The flexure 124 can be an S-shaped flexure 124, i.e., having an S-shaped
cross-section in the plane perpendicular to the direction in which the width is measured.
Referring to FIGS. 5A and 5B, the first end 120 of the isolator 40 can include a
pivotal attachment to the tab 110. For example, the first end 120 of the isolator 40
includes two parallel plates 130 separated by a gap 132. In addition, each plate 130 can

30 include a projection extending inwardly toward (and potentially connecting to) the other
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plate. In addition, each isolator 40 is nore flexible, e.g., has a

| ower spring-constant, along the second axis A2 than along a third
axis through the isolator that is perpendicular to the base plate,
e.g., a vertical axis. The spring constants can be selected to tune
the natural vertical vibrational frequency to the desired val ue, and
thus provide isolation at 20the desired frequency range.

Referring to FIG 5A, each isolator 40 includes a first end 120, a
second endpldi2230.5Ht sacdn endif 2 df2i iedatoreti inelgdes hendpHitgeatemd34.20 to the

second endco%l g“fe‘}-gsf’?f’e?ﬁ% i Qj’gtﬁé?%ﬁ\éwag-h Wthat is greater than

the thi cknéds wdth is neasured in a
di rection per patudiérdond @FIGo5R, hieoghratieot thofirsi mdeiD@ﬁthbhﬁelatdmﬂfﬂ Icmelmiii:ls

navi ng. an 6RaRda0 Sr L8 BedFBRmeR ¢ e B Lo ihaluS il Bubgonepr i
g isr e;:}]séo PI dides\ohihealt e, ?ﬂdd%&prszctraﬁﬁ?fgzgm tﬂa‘l@rmﬂ mé;t (;é ;ab EIl@BSDx;‘l.imleand
att achment TistiEneo pEpe Baitoran s Bliagrect wifide [Py ety o Spatpin

i sol at or 4Qith thekdbda® of We cpaieal TiRlisopli@t48%al $n Sepanal Sdutile Jamg@s 132.
In addition, each plate 130 can 30include a p og) ctlo ext
i nwar dl y t%wmyeaﬂw (e eﬁfﬁhaﬁq69n4:%ﬂr}é§ﬁ‘fﬁ5mﬁ &R ‘éﬂ’ét P‘.%F“ ﬁg 130.

The secondmanfdsitig? a9fhdhan FEDIsal 9k sélnd & llzd%ﬁn se ﬁ@@ﬂt foithe fhﬁas urie: 136
configured to snap-fit to a pin 38 on the base Referring

to FI® s5B"apit Gawratitsan e%tﬁ@ erticatly Wrcwéowfﬂl% ??éo'lds“é‘ldé%}”h%’()ﬂ*%an be

slid over @ h@PsdiQnapiicedfepdr @b 110 fitting into the gap 132, the
plates 130 fitting on opposite 5sides of the tab 110, and the

proj ection fittWhep thaiselatond0 isiageched m thpbasp plate2, a8 0sM2mAiE I hppin BBy st
end 120 of thk lPl@xdré F’iﬂrattaﬂ e %Qeﬂt&l SfOLH‘lElt Yhe@@tgﬁ‘&ﬁijj omt Eﬂ 28 BRt én@Q)f th:Qab 120 is

forms a rotational joint tab 110 of the carrier.
i sol at or 4®tatable aboetthBrst msa&ibnlasabg)ﬁm'oughélej celvmctO(' eyl téh@Wf—rthye afrthow C)

SO t h’?g t hgarlshg %gnﬂl ﬁf&g\;’(‘)ﬁizﬁe E%Yeegﬁl c%ﬁ"hn!: Xrié?@éd%\&’tﬁap efv\' (ﬁtﬁtw Sf'tg i]lg)QJre I'n

this position, "as sho e second en can be snap
fit to theispanlld8o thtHest 2Qis Baplf idditoeathelflexutdB4can b@m@tﬁd sgdret theal | y

upwardly f £e95'ﬂdte*&§ 1§@8§1%x%%Qg%%gco%%gs Eﬁ'ﬁlat is perpendicular to the first axis B1.

Since the width W of the flexure 124 is greater than the thickness T, the flexure is
generally more flexible along the second axis B2 than the first axis B1 (axis B2 will be
20 the same as axis A2 and axis B1 will be the same as axis A1 when the isolator 40 is
attached between the tab 110 of the carrier 30 and the pin 28 of the base pate 20). The S-
shaped flexure 124 can also compress vertically, i.e., along a third axis B3 that is
perpendicular to both the first axis B1 and the second axis B2. The length and curvature
of the serpentine segments of the flexure 124 can be selected so that the flexure 124 is
25 less flexible, e.g., has a greater spring constant, along the second axis B2 than along the
second axis B1. The flexure 124 can be less flexible along the third axis B3 than along
the second axis B2. In some implementations, the thickness, length and curvature of the
serpentine segments of the flexure 124 can be selected so that the flexure 124 provides

isolation of the carrier 30 from lateral vibration at frequencies above 20 Hz.,
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isolator 40 is snap-fit to the pin 38. When the isolator 40 is
attached to the base plate 20, e.g., snap-fit to the pin 38, the

fl exure 124 can be oriented so that the rotational joint at the first
end of the tab 120 is rotatable about the first axis Bl passing

t hrough the connector and the center |line of the 15carrier 30. In
addition, the flexure 124 can be oriented so that the width Wof the
flexure is parallel to the first axis Bl. In addition, the flexure
124 can be ori Emheningtm Rliad, atshete&eluma,chaénislolarﬁm(b@mmﬁi éx painbagthe
second axis B2 per cular to |, Since the
ot w of s 3P FEFE I RARR i el kS B SRR 4 S
flexure i speglﬁalmﬂ’calh1l Melthoeg the xdnbdr ef thk onged 30e S&eedmdmaﬁpls 1sB&tdm€mart he
first axis Bl (axis B2 will be 20the sane and axi 1W|II
e ©he sar oG TR AP SORM T el QA AL HEPHREDBERC t he

tab 110 of cafi 30 & fola@s ab3k tBdEkntch Boibi 36. a&ugfthetdaﬁieba&&nﬁa{sgeﬁa@éily The S-
shaped flexure 124 can al so conpress verticall %(f %ﬂﬂ 9 g third
axis B3 t hapleted figarplativeiiclapdreardep sttioppdngtiop § b i< et 2hand e

second axigrdd2 Onkh€oth&Mghd) 1AGE! BN 3T teuhmeh 0sR bR eRichitRr SEATRA S
of the flexure 124 can be selected so that the flexure 124 is 25 | ess

f1exible, iolator wilbbs ssnegplbiliecarpasse by gnedyiatraisplatos) Bngostwed it Bpéraxi s

B2 than al gng,ifleiRROUBNEgaX é}(%l os;;rchﬁde‘s o@wc@nté%nﬁ@@ome k888 30.
flexible along the third axis than al ong the second axis B2, In

sorme 1onpl e@@m@wm@n ﬂie cetiier $hvikhrdsadated Goa dateralydbratipnod therbascorlate A
ser pent i nel[l%pr <5 a?glmtllPleOl‘ hi Pfr&} zllesccﬁz{ﬁ tf?@ls&%(ﬁlcff'&gro?ﬁsohﬂat the

flexure 12 es isolatio he carrier 30 from/|l ateral
vi br at i on wbrafiore Joemné swplethanasiony thdxombination of Redpgiend lsgethef PG 4, as

noted ab Ovs%rpe ﬁ?ehsh%rggltgéfqge ﬁ'&u ]r2mv$1§1 tLQr?unPD%I‘ dea%Qunbﬁkeof‘%l?eﬁEdlf‘rFrs%Q] to

which it is to nove al ong an axis I's genera
per pendi ¢ ubeaﬂelebie(heo thhtrtbeigpri¢rhieiscletad Epomabtatidral vibratipregt f%uengeﬁwvc he

aroun® a ofifoloons mepr et EREET - Abulh SFh B BSA3 S,
rot at e aboit flehee CNW thpnumberaﬁd pdé[rtlms ofﬂlexsolators @n b8 Eelectutesd st the

general ly isol ate mrel ati ve uenc ational notion of
the base pfate'28° atﬁ‘?uﬁo\‘i'lvglém@]evﬂ ¥°"62WF$1 em9 oy%ioo%l, |l ateral notion
of the attachnmdnabpgationt themomﬂ‘heomitroh@ftlﬁ(ha:altdlskmve s0valt @usanolle be
general ly b

qpposed h n nor,e .i sol are sitioned,on .the
far side o’f"gfaﬂgpé’lgr Jpidey B'E‘é eraly and potaiong pﬁ??lﬁ E%GIWQP ceffpre teabf:“étr{{leer
poi nt 2836 Ofentdd RoiGEFE dfalie Aftier 30.CHOwEGH @DE toythe Tsbietofsat0r bk thGsoldtioh be
|solatedfromlater vi bration qof the ate 20, and vice versa,
at simil ar "288¢ ¢fitihise ﬂtPPé&EehE‘i‘@EC‘?Sr%H"et‘E?Zﬁ%%s‘S?Sd’t“?r?)W“F'r%ﬁﬁgV& ati onal
Vi brati on. trdl3mH@d8o theBhRPRAS 20. | MBS ovel [ Tor £:9 Wiliritivhitioi isafanshidp@toandl
| engt h of the ser enti ne se%?msnts of the flexure 124 wit the r]urrber

and positi Bafs pk%e WeonedBragigh E1ve L (FdrawbiiothendPusss: el es 4 KB Y $SSr i s
i sol ated f{;@ahdnditad fr@@e BALYIAL DOW Abthbr IRAVSHCHBE ARIAY ® BOisolators 40.

25 In addition, even for vibrational energy that is transmitted by the isolators 40, e.g., at the
natural frequency of the isolators, the large rotational inertia of the base plate 20
significantly reduces transmission of this energy from one hard disk drive to another. For
example, the isolation system can be configured to reduce a drive mounted in a system
that is subject to average acceleration of 10 RVrms (in radians/sec?) with most of the

30 energy in a 10 to 2Khz frequency range, to about 2 RVrms with most of the energy in a
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15 Hz. In sone inplenentations, the conbination of width of the
serpentine segnents of the flexure 124 with the nunber and positions
of the isolators can be selected so that the carrier is isolated from
vertical vibration at frequencies above 40 Hz. In operation, the
normal operation of the hard disk drive 60 will cause sone vibration,
e.g., vertically, laterally and rotationally, that is generally
centered at about the 20center point 36 of the carrier 30. However,
due to thellwsdbaters gdOfindlyeforehagy theal iatraismiteangkwiicqubeidsstbéraber s

(e.qg., frequenci bove 4 , less _vibrational.ener IS .
{ranon 11 dhcr s G pfmitiyre R eIl afamereisae i s
transm tt egkldwosd He base plate fromone hard disk drive 60 (or from
anot her source,_ such_as a fan), even less is transmtied t

base bl ate- 20" 1 HRBTAGH ARSI S TV esT e aTbedies o
251 n addi tdaaibr 36 esgefded \sliBtBlaboviathe Baze p@ie 20hat canSlow @rsgh thegdp by t he
isolators 40, e.g., at _the natural fre(;i_gency of th? i solators, the

| ar ge r ot aRrHFrAItTS Gaper PO anskthe prse platec?Op TR thecpoltoy oF the CHRET 3P BBduces

transni ssi Qyigf additichalRNEE@hrdatO TR HRATA aflindln tHE hat@ dlsR davradohey . For
exanple, the isolation systemcan be configured to reduce a drive

nmount ed i nthermsy infeshire Materialsoughy#y indipmcan bg/Rlaseg en sedan Brriaes frihgbottoe

RVrms (in 5adiig08/inerit cMdbbtidiRe he bwhy Eord BRNBFMsK dFiv@ 68 @nd RtcdkhIZ
frequency range, to about 2 RVrns with nost of the energy ina 10 to

100 H© r aneperier BnBhe Bottomont therpapripy 3 pratingludetfing 95 piherrsryctyges fogiprease
frequenci eg i, LS8 el akﬂ%qgesgaﬁ(ﬁgrg ~drives available that are |ess

susceptible to vibration energy at frequencies below 50 Hz. This
confi guration dasomerprndameentatians, ad sikivnin OIG. breedisiamennding ksseipbly d § ¢80.
Si nce the e ' enge ' il Recdrbakg 20,
air can fllg\%ﬁ?‘{lllpglﬁaﬁ%ta %Zplég%p%abgf'\hggzga'tsﬁgygéﬁ ??@régéog]%ﬁ% t‘ﬁ]e ase

pl ate 20. dFhuspenfigueationt Tlombast plhtee2EeanrbeeigidiOsecurnd foreadh etberadigi by owal
surface area to transm.i heat 5’(}(1"8[ fr i i 0. A
thermal inter r%B%Stsrroarthfnlcgl‘f’a%éac’ éémﬁér)\g}l' %%g%]gag{oﬁsé%ﬁl%g%{gﬁdé u!)]ﬁn he top
surface of assédreblp ot inohndg aabe plh@2 0t end arjptioweplge Bthyetithdwo ofrritred0 away

R e
radi ati on @fanhepdr caviays Ohriosonhdreedaatimd deperdl from the top plate 20a, and a lower
carrier 30b is connected to and supported on the bottom plate 20b.

20 Each base plate acts as a separate assembly and by linking multiple base plates
20, larger components, such as 60mm fans, can be included in an assembly. The base
plates 20 can be coupled at less than 15 Hz rotationally to have no negative affect from
one base to the other or between 37 Hz to 60 Hz rotationally to have a minor affect from
one base to the other.

25 Referring to FIG. 7, in some implementations, an isolator 40° can include a coiled
spring 41 rather than an S-shaped flexure. The coiled spring 41 can be metal, e.g., steel,
and can be a flat band or a round wire that is bent into a coiled configuration. For
example, the spring 41 can include a first end 1207, a second end 122°, an upper coil 130

at the first end 120°, a lower coil 132 at the second end 122°, and a straight vertical

30 portion 134 between the lower coil 132 and the upper coil 130. The snap feature (from
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In sonme inplenentations, as shown in FIG 6, a disk nmounting assenbly
10 can include nmultiple base plates 20, e.g., two base plates,
arranged in a parallel and spaced-apart configuration. The base
pl ates 20 can be rigidly secured to each other, e.g., by one 15or
nore posts or vertical walls 200. In sone inplenmentations, the disk
nmounting assenbly 10 includes a top plate 20a and a bottom plate 20b,
with two carriers 30 vertically stacked between the top plate 20a and
t he bot t onthplnelema@ision AwovaHoFECS. 1 ARG cap be maldapivethe segend cad 135 f the
connect ed , rier
300 1 5. cormaaf Ly ERANER: LSRG hOR PR, U v PA Py, RS BRERTY
base pl at eandstnsilagly tlz m‘emdraa&oemastiénmlﬂye larpdtntwtahomﬂlowg imB1GS. predase
pl ates 20, I er 0 , as in
B asseni 7 DAL A SERERET Ll B S BuRE IR AP rey PRGN LR HERE
rotatunnalmyuuhehhuﬂ)no negatlve affect fromone base to the ot her or

between 37 Hz t ati r affect fro
base to the ot fgsé)’i’: %Hﬁfe‘#bee A 16%38%31 Q [Ftﬁe %‘%H%F pgrn%rlll 13 am t%e
i sol ator 4i@weCail 13RoiUBEcHled Shduetic B raki3 gi. e4]abblatﬂifeeiﬁrsttdxarpaamgﬁamhgped

fl exure. e.coil ed r can b can be a
1o o B isaiaias G Paparid of e SRBer i Theyigtcs s pate SR S on.
For exanpl @n séthe: SBmbRGr dhd ioRMori40Th UdeB Bdifdeticd. TRdiaher of e f@@0861 end
122', an uEger coil 130 at the first _end 120Q Iowgh coi | 13&%3%
the S¥oond!Brad isgengihalgheyegicabpaghitn L cen ea st Pighe aAOp s

the | ower &Fb'cho;ﬂ-%e@ﬁ%eteh@fﬂi@ﬁ%r@&l 13038 the Th@ere bR P3 S @alsettRe {tiffmesy

the i nplenentatlon shown in Fl 5A-5C) can be nolded to the second
end 122" off thigolater #0hép the BB dirpitisti de for attachment of the isolator

40" to the pin B8 b pRARSRbAIRYEOben 3B riBddMNAER NI & vAiT VOT 2l
attachment (fromthe inplenentation shown in FlGS. A-5C3 can be

nol ded t o wridersfood gat exsigus modifiegtiophmaxshs mady. Fer prBpledde FyFienilcas Atdnt
of the iso}atorg a4l hQaldifer E)?akh Ql-thou h the de%ﬁﬁsc@k@@ﬁ%@ uRglNeeRs t he
base plate 20 and t he carrier uppe coi | 0 and the |l ower coil
132 wi || bdaieet ¢vedlyabased frome OBmelapauﬁ, gni equivalegfisistign edndefimplementsd i
passing t r The
oo TRUEeARRd 208 RS5O EL: B LN0IAS i P T

i sol at or 49iffnesy i ksed B codipeeseteiforthe differedi radiel digtangés. tlﬁéa‘fpre\ﬁeﬁﬂtlmii pt

10132 and L, L SOALILIAL AAGKSEELE AP B uskdhrbilofithe HEm

stiffness e 1 sofator
20 Accordingly, other implementations are within the scope of the following claims.
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direction. The diameter of the upper coil 130 and the | ower coil 132
can set the stiffness of the isolator 40" in the B3 direction. A
nunmber of i nplenentations have been descri bed. Nevertheless, it wll
be understood that various nodifications may be made. For exanpl e,
the carrier 30 can hold 152.5" hard drives. As anot her exanpl e,

al t hough the design di scussed above uses isolators that are evenly
spaced froma center point, an equival ent design can be inpl enented
in which tWeABH €LAIMENBS:at different radial distances, as |ong as
isolators with a different stiffness is used to conpensate for the

different radigl di%&%Hﬁﬁéraﬁ%%b?ﬁ9%%mﬂ@§&&h@ﬂﬁgxﬂ&mﬁgual di st ances

allow for copies of the sane to be“used througholUt the system
20Accor di ngl y, adwbeeplattnpl enent ations are within the scope of the

foll OY“ ng clai rE]Bcarrie%-ﬁrgLéd %é}@g \liﬁ‘.ati?n sensitivejc'oz t%pémtbto%nt;caggponent
mounting assenbly, conprising: a base plate; a cafrier configured to
recei ve a vi br atviiloatigessitionsesian molutimg trenjsdaterstconizaing the carrig to the

vi bration Jjsolation,.syst i ncl udi three isolators. c i .t he
varr cer t ooen it SRR T et Mol Ffaule? Bo B BN Elep i
angul ar poshdreinmis vairaitndsdatioe Ry stat isponfiguredvingr datrthd Yibratiorisaltticon

i solation systemis conf.igur such that.the vibration . so ion

Sy ot am pasSEehTEh FefRme T TeterdmaRt e’ Satirtat BR TR of

| ess than 45 Hz. 2. The assenbly of claim1, wherein each

isolator is less flexible alopg a first. axi s, passi hr.ou th

i sol ator and tHe cent§ &R VﬁFgFﬁhh“@Fﬁﬁﬁmgl§&6@ﬁﬁq§§%§mgﬁggﬂ§ﬁ??%e

i sol ator t4ad pakSnPBFREN theGidladdr ah@th Rentfal pSiht thanl Borandiegrat akik eroded t he
of claim 2, wherein ﬁach i sol at or

base plate. | 3, The assenbly
is more fl#xisgletor H1abﬁ@e‘tpﬁ\¥ﬁ§@’66%@e§ﬁt axit prdrpailishig e B2pf Rlgfeaxi s
through the isolator that is perpendicular to the base plate.

3. The assembly of claim 2, wherein each isolator is more flexible along the

second axis than along a third axis through the isolator that is perpendicular to the base

plate.

4. The assembly of claim 3, wherein each isolator is more flexible along the

first axis than along the third axis.

5. The assembly of claim 1, comprising four isolators connecting the carrier

to the base plate.

6. The assembly of claim 5, wherein a first pair of the four isolators are
positioned on a first side of a center of the carrier, and a second pair of the four isolators

are positioned on an opposite second side of the center of the carrier.

7. The assembly of claim 1, wherein the isolators are positioned at equal

radial distances from the central point.
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4. The assenbly of claim3, wherein each isolator is nore flexible

along the first axis than along the third axis. 5. The
assenbly of claim1, conprising four isolators connecting the carrier
to the base plate. 6. The assenbly of claim5, wherein a first

pair of the four isolators are positioned on a first side of a center
of the carrier, and a second pair of the four isolators are
positioned on an opposite second side of the center of the carrier.
7. The assenbly of claiml1l, wherein the isolators are positioned at

equal radial distances fr t central .ppint. 8. ,The
assenbl y of cIé%n17?ﬁ%ﬁﬁ?gg%OFﬁQHFQSWSFB&EGﬁ&@@”VWﬁegﬁﬁ%“%?f FRess.
9. The assenbly of claiml, wherein the isolators are at different
radi al distances fromthe central point, and the isolators haye
ditforent stiffness Hheassembly gpclan b whewhbe VOIGPfScﬁ"%?"rﬂ?%%fe'M%ﬂ%i n the
vi bration disighcat frem tisyceh@dNpbmt, 6Aht dla€fs Bdve Qiffehat stiffvessvi brati on

i solation systemhas a vertical vibration natural frequency different
than the rotational natural frequency and has a | ateral vibration
natural frequengy dithfekently bhagint NeHeRNALL GBAkioNAbMIA sykeRgyency.
11. The assenbly of cIa|n1;8,_mhere|n the vibration isolation system
i s confi gutcadisead Fich it thetvibratiop dsolation pysteat as A VRRIEY vl atfonagighcy i s
greater than, 20 yfitferent than thekbtatidPREnAS2ERRI O hnf hiaMidQ vikgELI n t he
vi bration isolation systemis configured such that its vertical

vi brati on wearakfadquénce diféerany thas thg retaticngl natigs frequaugy. 13. The
assenbly of claiml, wherein the vibration isolation systemis
configured such that the vibration isolation systemhas a rotational
natural frequendy aBbesssehilyeéenimall, pbemin thewbratipraigolg@ontgrstem is 14.

The assenb| f ¢l ai rehn | i | i temis
configuredm%ggwe§ﬁ%b%#%gs@%z?gbﬁgﬁpﬁgﬁ#gﬁgﬁﬁagyé?g%?ﬁggﬂ%ﬁggtationa
nat ural frequency about the central point between 15 and 25 Hz.

15. The assenbly of .claim er ej he. |.east .of t.he.

i sol ators conprﬁ%es 13?%'&@?8$%%€%H8“%%“ 3§%€§E§°%§§§%§§*%'5§h in a
pl ane per pamdigaad auchtiaut &s fdrticd vibiisn pasal fingueity eugrbateriieanstd Hzeast one
of the isolators and the central point. 16. The assenbly of
claim15, wherein the flexure has a wwdth along the first axis and a

t hi ckness that 1i3s | @hsadshablybofelaint Otwherein the vibration isolation system is
configured such that the vibration isolation system has a rotational natural frequency

about the central point less than 30 Hz.

14.  The assembly of claim 1, wherein the vibration isolation system is
configured such that the vibration isolation system has a rotational natural frequency

about the central point between 15 and 25 Hz.
15. The assembly of claim 1, wherein the at least one of the isolators

comprises a flexure having an S-shaped cross-section in a plane perpendicular to a first

axis passing through the at least one of the isolators and the central point.
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17. The assenbly of claim 15, wherein the flexure is a plastic

mat eri al . 18. The assenbly of claim 15, wherein the flexure is
steel. 19. The assenbly of claim1l, wherein at |east one of
the isolators conprises a first end pivotal attached to the carrier
and a second end attached to the base plate. 20. The assenbly

of claim 19, wherein the carrier includes three tabs oriented in a
pl ane perpendicular to the first axis, and the first end of each of
the three isol dtﬁorsThmmanlt!s of daianl Saghoeindbedexuehapt widtealohg e firstbs.
21. The asserrblyt K atlrp ls i u%e rhtheach isolator fits to an

associ at e T IRHH H§SS e Bnd ot At°€ connect i on. 22. The
assenbly of claim 21, V\/nerel n the carrl er includes a bottom plate and
two parallel si tes i.ng, f osite .edges. of the bottom
bl at b and wherld: n TESSHFEY of SHE° b POTARIE: SRS ISH SoRITHE of de

pl ates. 23. The assenbl y of cI aim19, further conprising three

pi ns extendi ng perpendi cul ar fromthe base at e, wherein the
second end of d&ch df ei‘%ﬁ%’“@ﬁf’é@a‘?’s &’PW@%‘%&%&‘%W an associ at ed
pin of the three pins. 24. The assenbly of claim 23, wherein
each isol ator snap fits to an_associ ated pin. 25. The assenbly

of claim1, whéfeinThnessenily af ¢laim bavherein ‘iféeaétcﬂﬁ‘ﬁﬁf@F ise BiRsOFREHYISes @

conpri ses Arshadthivad Kb S the carrier and as%@end-@ﬂ@ affenBlie ke lﬂht@.' m 25,
wherein the carrier is configured to slidably receive the hard di sk

drive. 27. The assenbly of claim 1, further conprising a
printed circui tZObanIﬂe g\sﬁ&%l?gf Liind i’%dﬂé%ﬁ. 'd?é Srfer includes thre%%abs-gh&ted

assenbly of claim 27, erein the prl nted circuit board is oriented
per pendi cuingrplang pependicutas tptha fiest axis, and the Fgst emthel eaghsefiihyg fhregfisoddtess m 27,

further coggﬂglééggagnﬁésgéh@égb TN TeTe s 1gata cabling connecting an end

of the carrirer tot pri nte circurt board. 30. The assenbly
of claim1l, wherein the vibration isolation system suspends the

carrier above the b%%&%ﬁﬁﬁowg% 318l cabiffloibdoP s | OhPHIR AL AAP

bet ween the carrier
with a slide and rotate connection.

22.  The assembly of claim 21, wherein the carrier includes a bottom plate and
two parallel side plates extending from opposite edges of the bottom plate, and wherein

the three tabs extend at an angle from the side plates.

23.  The assembly of claim 19, further comprising three pins extending
perpendicular from the base plate, and wherein the second end of each of the three

isolators connects to an associated pin of the three pins.

24. The assembly of claim 23, wherein each isolator snap fits to an associated

pin.

25.  The assembly of claim 1, wherein the vibration sensitive computer

component comprises a hard disk drive.
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31. The assenbly of claim 30, further conprising a thermal interface
material to inprove conduction of heat fromthe hard disk drive
nmounted in the carrier to the carrier. 32. The assenbly of
claim 30, wherein a plurality of fins project fromthe carrier into
t he gap. 33. The assenbly of claim1, wherein the central
poi nt conprises a geonetric center of the carrier. 34. The
assenbly of claim1, wherein the central point conprises a center of
mass of the carrier and vibration sensitive conputer conponent. 35.
The assenbl y ofyecl airp éls’serﬁlgggf 45, wherein thcaRidd isBohfidur@f toGRAdLLT S,
each carrier of the plurali carriers configured To receive a
hard di sk @ﬁﬁ#@beanddmkdﬂvea.pIurallty of sets of isolators, each set
of isolators including three isolators connecting an associ at ed
carrier of the plurality of carriers to the base plate, the three

i sol ators spaced. at THe isbendpnof daigul, dsrtheosinfirsing agriogddiranitdeatder of

t he aSSOC|at$gd&ﬂ£e%%5 hgach i solator being less flexible along a
first axis passin r ugh the isolator and the center of the

associ ated carrier than along a second axis through the isolator that
i s perpendicul he first XIS e.

36. A hard di S%rSm)u e ﬁSéergl%lg 8 fu{/n 2 ﬁ%rrglln Stllae n%rmted cbrcul?goaf %R 1ts ornQntgc}
carrier; perpenddulapgodhebaskpleiei ve |nserted in the carrier, the hard

di sk drive having a maxi mum spi ndl e speed; and a vibration

i sol ation systemincluding three isolators connecting the carrier to
the base plate,29t he ﬂ195§§@mi;i§©fﬁhnﬁf3¥ spreecnhisidp fitable pbwangy dan
positions around a central point ein the vj raélon i sol ation
systemis YOH!S @EPW"&%W%%&F Ctaﬁl?rwt[ﬁ‘?ﬁrt“}t FEBbPA Y -on system has a
rotational natural frequency about the central point equal to or |ess
than one half of the maxi num spindl e speed of the hard disk driv

37. A conput er Yonpdheatenbinf tlag haderrn Y vibsisn iselahen SYACHAU® Pt e:

the carrier above the base plate such that air can flow through a gap between the carrier

and the base plate.
31.  The assembly of claim 30, further comprising a thermal interface material
to improve conduction of heat from the hard disk drive mounted in the carrier to the

carrier.

32.  The assembly of claim 30, wherein a plurality of fins project from the

carrier into the gap.

33. The assembly of claim 1, wherein the central point comprises a geometric

center of the carrier.

34,  The assembly of claim 1, wherein the central point comprises a center of

mass of the carrier and vibration sensitive computer component.
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a carrier configured to receive a vibration sensitive conputer
conponent; and three springs connecting the carrier to the base
plate, the three springs spaced at different angul ar positions around
a central point, each spring having a first spring constant in a
first axis passing through the connector and the central point and a
second spring constant in the second axis that is perpendicular to
the first axis and parallel to the base plate, the first spring

const ant be|ng3éreatB?a$ﬁ%HYPﬁ@m§bbﬁﬁﬂm§ﬁhing constant. 38. A

vi bration isol aatﬂhﬁgll@%%a?ﬁ@rs %Wah%l‘ Bﬂhe Blul@sLoRhiMeR cofffhired to receive
three isolators connected to the base plate to support a carrier that
recei ves a2 harddigk figve; ahsi ti ve conputer conponent, the three

i sol ators spacg @ramg fie%r&ngona@ag %Larsepaﬁgaata@ ShoRfdRgEkeRisG 8y &

poi nt, wherein t ators are configured have a rotati ona
natural fregoetioyaapsetateharienf thablupdibnef CelfrlerSéQ ghetblasprplafs thesthregg, A
hard di sk igahjtm p&eé‘ﬁﬁﬁﬁ%ﬁﬁ an&if} Bélﬁ&@:ground centerdf P%Sd soEﬂaf%H %arﬁ@xv' ng a
top surface and fouar projecting perpen ‘eular y fromthe top
surface; aeaphisnled b@mg (i iﬁexﬁrbaaidngﬁaeﬁmm faesingtbrobglsthe plolatas and the g
carrier conf| {egorf astsg 1rtg el rYeer thae‘mg gage ?}ﬂé %? Hh% Jgo%tcgr tf'? tlS

i ncl udi ng bl EXTD omer ‘%? connec

end of t heparlaahthcelar ﬁoohetﬂ'net emslanﬁ edtaiddl l:ccuhe basbcpa;ted and a

vi bration isolation systemincluding four isolators connecting the
carrier to the base plate, the four isolators spaced at different
angul ar positi gos andiartidisk @ewitingksspablitcomprieingi n each isol ator of
the four isolataqrs onprlses a flexure having an S-shaped
cross-section idP%F Bf%Sne perpendicular to a first axis passing

t hrough the isal@af4 and the central point, wherein the flexure has a
width along the fir XIS and a thickness that is |l ess than. the

wi dth, wherei n 22 | 9t biscnsarec e gt élfed}mr gl drivs haKine  SEEHIR ¢ ab
of the f ougpifddsgpedd; by @ slide and rotate connection, wherein a second

end of each isolator snap fits to an associated pin of the four plns
wher ei n the vi Brdbrien palghioasysem kg thse pelatoryorettiagibp ctHg o thse

vi bration j50Lakl A8 tlfré@n%c%‘fbﬂ%ﬁac@d EtQﬁ@éré:Q Bﬁéu]:ﬁ%%&if@ﬂs afduBgIb eaRMI RAAUL
the central point |ess than , wherein the vibration

i sol ati on whereis e ybraiinir isgjationdysieie i Gpﬁfé&urﬂ ek that the wibragipp saletio
natural frgQuUeNGY atSat@n8Baflal HaaRnéPatddat the central point equal to or less than one

half of the maximum spindle speed of the hard disk drive.

37. A computer component mounting assembly, comprising:

a base plate;

a carrier configured to receive a vibration sensitive computer component; and

three springs connecting the carrier to the base plate, the three springs spaced at
different angular positions around a central point, each spring having a first spring
constant in a first axis passing through the connector and the central point and a second
spring constant in the second axis that is perpendicular to the first axis and parallel to the

base plate, the first spring constant being greater than the second spring constant.
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38. A vibration isolation system, comprising:

a base plate; and

three isolators connected to the base plate to support a carrier that receives a
vibration sensitive computer component, the three isolators spaced at different angular
positions around a central point, wherein the isolators are configured to have a rotational

natural frequency about the central point of less than 45 Hz.

39. A hard disk mounting assembly, comprising:

a base plate having a top surface and four pins projecting perpendicularly from
the top surface;

a printed circuit board secured to the base plate;

a carrier configured to receive a hard disk drive, the carrier including four tabs;

flexible power and data cabling connecting an end of the carrier to the printed
circuit board; and

a vibration isolation system including four isolators connecting the carrier to the
base plate, the four isolators spaced at different angular positions around a central point,
wherein each isolator of the four isolators comprises a flexure having an S-shaped cross-
section in a plane perpendicular to a first axis passing through the isolator and the central
point, wherein the flexure has a width along the first axis and a thickness that is less than
the width, wherein a first end of each isolator fits to an associated tab of the four tabs
with a slide and rotate connection, wherein a second end of each isolator snap fits to an
associated pin of the four pins, wherein the vibration isolation system is configured such
that the vibration isolation system has a rotational natural frequency about the central
point less than 45 Hz, and wherein the vibration isolation system is configured such that

its vertical vibration natural frequency is greater than 20 Hz.
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