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THE I NVENFION 1. Field of the Invention The present invention relgt 2 3
generally to a disk-drive chassis, and nore particularly, to a disk-drive
chassi Wmng the transm ssion of vibrations between adjacent

di skcﬂ‘\\)&\\&\x\\\\\\ f a disk-drive array. 2. Description of the Related Art
In an ay f+hard disk-drive units which are installed in a commmon
chassis, any particular disk-drive unit mhy create vibrations that may
affect the operation of an adjacent drive unit. For exanple, a drive unit
generally includes a disk or platter that rotates at a constant rate.

| bal ances of theDpSRLDRIVIRGHASNS FOR REDOORNG/TRANSMISSIONIOE dri ve
unit. Further, a disk-drive unit generally includes an actuator for noving
a head ar m hANBRABIONE BEFWEENJHSK-DRIVECENIES QR AaDIS KRR VEcARRAM! or

pi vots about a pivot point and thus generates (and is sensitive to)
rotational vibrations. The rotational vibrations fromthe particular drive
unit may be coupl ed by the i j tnekiy {ts. Such
transmtted vibrations rmyBﬁ%%l??lﬁ%@lf?g?ﬁ@ﬁ&%fgﬁlﬁﬁoughpm degradati on
because the drivel.s acFi¢td of theduvéiolbe able to keep the drive's read/wite
head over the desired data track. Accordingly, there exists a need for a

di sk-drive chassiBhq prasent Etvgnton ralaies geanrally $& i diskairivei dhessis, and mand

articularly rotational ,vibrations etween di sk dri.ve unijt. f a disk
8ri ve arr'ay?/partlc argy @ﬁ% V—°§‘§i§iﬁ\ﬁh@@“&%§ tF‘f{fégﬂfslslutﬁ\f’I{I"ﬁgmglroé‘éent

i nvention i epwstnSidjstehV@sicRATS Lsitd\rd digk-arit k). ity of slots configured to
reduce the transm sSion of vibrations between di'sk-drive units by using

stiffening and danpi ng nmenbers. The chassis allows inproved performance by
the individual disk-drive units of a disk-drive array. The invention is

enbodi ed in a di sk- driDesexipiion of the RekdedArbpeni ng for receiving ate array
AN . o1 > T mgTan ' | I
o sk Tve i T, GERIN 008 R R BRI R

| east one vemnyipagticutdrdiskedrivddlit @YY e vitraddshBatyRPLATTRA I ofePatidiof AVer

panel, and a stiffener attached to at |east one of the upper or |ower
panel s for <diasapftdrere unit. thee estraplsi s drithenitgrasmlly in¢lydes smdiski geplagter that
constrai ned-| ayer . danpi.n | at e, attach t t |east one of the, upper and
over panel JOPYR R FTHET RS, SEPORAE B esteelr oo Sa fopt ipiheas
vi brations hgimegivd ift. dhitiedd dsk-HRVd SniberehlyGh@adtsan ddtudiby Rr dRjving ed
features of the invention, the danping plate may be attached to the upper
panel by a |admadatme having afiead/vritelend toh desisdalatd tracki. Thedicbmitarepivats seeund

| ayer of film, and.a thiyd |ayer of vjsco-elastic adhesjve, Al sQ, the
di vi der, thé‘%‘f’?tfﬁoéwé]ng leﬁgqﬁleraaeér(ﬁi%sm%fe‘@tﬁ&gptﬂ@% rﬁmnédsfge reduced

the transm $5},88nASHEERS A6mthe Satlbleatiidad Ry bOLAIHIANGY tmé dHadlid &S
adjacent drive units. Such transmitted vibrations may cause data loss and data
throughput degradation because the drive's actuator may not be able to keep the
drive's read/write head over the desired data track.

Accordingly, there exists a need for a disk-drive chassis that reduces the
transmission of vibrations, and particularly rotational vibrations, between disk drive

units of a disk drive array.

LA

*1ARTAR*




In-an alternative enbodi ment of the invention, the disk-drive chassis
includes a plurality of slots, for retaining a respectively plurality of

di sk-drive units, and a corrugated stiffening nenber attache o] Re@%f}of
the slots. Each drive unit has at |east one platter that rotates about a
spindle axis and the stiffener has corrugations that are oriented parall el
to the spindle axes of the plurality of disk-drive units for reducing
transm ssion of rotational vibrations between disk-drives units retained in
the plurality of slots. 1 8 MAR 2003 -F-Qther features and advantages of
the present invention should be apparent fromthe foll owi ng description of
the preferred enbodi nents, taken in conjunction with the acconpanying

drawi ngs, which illustrate, $YMMARY OEXEHEIINVERTION nci pl es of the
invention. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a perspective view
of a disk-drive chegskresenhmyertipnsis oidsskfdstvechassisiavingamplaraldy obslotdi sk dri ve
units. FIG 2 i.s a.schematjc diagramof .a disk platter rotating about a
drive spi ndlcé)nﬁﬁ‘élreﬁ%lf' 8°h18£8“ IPBPEY’SWE‘O%B eﬁngis%f' Vﬁd-}n,lfgbyp;lpgg 3is
a partially sgxphodefddRRmDREGhEMBerY e Qlasliby i Stn Byéfcﬁp&ﬁﬁﬁﬁhgeg% tnhg' G 1,

wi t hout the disk-drive units in the slots, show ng dividers an eni ng
pl at es, accondivittpat diskeive nxendfi aodisk-Hits ardayl S a cross-sectional view of a
danmping plate of FIG 3, attached to the disk-drive chassis by a

vi sco- el asti ¢ adhEl ipxentipadpembedied i a fisk-fRveehaseip havipgan opering forer spect i ve

view of the disk-drive ch i .0f Fl G.1, w.thou he.drive units.in the
sl ots, shovwrn%el‘émgg‘braﬁag ggl%fé’t%‘lnf’ F BALY gﬁc?pf:ﬁlggﬁ @?%begsby aﬁc‘?@?ﬁ??‘fﬁﬂ’t% t he
invention. D&LApdeel, BESERI BT SNoR¥ sifiblpadREFERRER: /BRI ed BElchdtvent i on

is enbodied in a disk-drive chassis configured to inprove the performance
of an array agk wditisial divides thahxtendsrom thy upperpanebioghealdwer paelcndia sk- dri ve
unit generates.vibrations that may_interfere with the. operation of adjacent
e ve un t o SORRBCIBRATD A et AT P ISP pHO T I A TPC pRaetteathectie y

advant ageougpifkid efedHagsit Nes ik ) SSsRBined-14vet ahd0idl oMk Bf Ak et ween
drive units wh]&éi may %1%r$%r§%§ﬁ§§1§ta trac?% ng ’gyga‘) %Fs@é{re?@gag head
arm and caugeastiah@of thaappérrand $owekripanéls fde-ddimipisy vibrations to reduce transmission

of the vibrations between the disk-drive units by the chassis.

In more detailed features of the invention, the damping plate may be attached
to the upper panel by a laminate of a first layer of visco-elastic adhesive, a second
layer of film, and a third layer of visco-elastic adhesive. Also, the divider, the
stiffener and the damping plate may be configured to reduced the transmission
between the disk-drive units of rotational vibrations.

In an alternative embodiment of the invention, the disk-drive chassis includes
a plurality of slots, for retaining a respectively plurality of disk-drive units, and a
corrugated stiffening member attached to a panel of the slots. Each drive unit has at
least one platter that rotates about a spindle axis and the stiffener has corrugations that
are oriented parallel to the spindle axes of the plurality of disk-drive units for
reducing transmission of rotational vibrations between disk-drives units retained in

the plurality of slots.



1 8 MAR 2003 -4 chassis of the invention reduces such data read error and
thus increases the data throughput of the disk-drive units. Wth reference
nowto FIGS. 1 and 2, the disk-drive chassis 10 has a plurality of slots 12
into which the disk-drive units 14 are inserted. Each disk-driye uyni a

at | east one internal disk platter 16 and correspondi ng head d¥ﬁ!ﬂuﬁ%'363
platter rotates about a spindle axis 20 at a relatively constant rate. The
head arm however, rotates about a pivot point 32 in relatively random back
and forth novements as it seeks to positBon a read/wite head 34 over data
tracks on the hard-disk platter. The head armw || often change direction
and is a significant source of rotational vibrations generated by a
diskdrive unit. Ol el alddvifieged dFithSprbont BRR%HoT Shall pELARSA0 whi ch
are configured to engage correspondi ng ra?ls 42, springs 44 a Fevers 46
on the di skfrdmithe falluwing flescripeniofthy peeferagi engbddiments] takenlin domjdrtibhe
chassis. As shown in FIG, 3, the disk-drive chassis 10 has a top panel 50,
a m ddl e paWeh thpaccgmpanyipglissnegs, whichdlestile by waypicxampie. thegerinsaples s, 56
and 58. Theoittﬂgimqﬁ?;i]ddl e panels are welded to the' first and second side
panels to forma rectangul ar opening. Wthin the rectangul ar opening are
vertical dividers 60 which divide the rectangul ar opening into the slots 12

for receiving the disk-drive units 14. The dividers are securely attached
bet ween the top panel aBRIEFDESGRIBTHANF THE RRAVWEXES| ncrease t he

structural stren of the chassis b hani cally coupling the top and
m ddl e panel s togie‘?'h]eﬁs 2REPPEHNS Vi‘%‘ﬂﬁgf’ Hgﬁt‘ﬁ&etcﬁﬁsﬁ aé’é"?%) O%ffo’iﬁeﬁ?%[tqgons
bet ween t he %éé; i ME a Y in the slots. Cutouts 62 in the dividers are
advant ageouz'iséj 0 gﬁlgg{ve\n ng l%{lﬁtrs' circulation around the disk-drive units. A
constrai ned- | ayeFIGlanigiarnghqrha@ticalifptarmif aldisk platetdendtiag aboutexdrve Pindielr f ace

of the top panel 50 for absorbing vibrational energy and danping the
natural r ot ddaye headagmiretating skont apivohpoidhassi s 10. The danping pl ate nay

be a steel plate i£h . hzed ver | f.the top pangl's
ext eri or surfaceFﬁ‘d30 lvsmaip%ffal@ exP%aggﬁﬁ%efgggv{%’ gﬁj‘%lls(cah%a‘ﬂ}vc? %ﬁ%&é&)f erior
surface usipms.a, witheot @k askidriveanRs Hthaeles kveviag diddeshawdapeing 4. The

danmping plate functions to stiffen the top panel while absorbing

vi br at i onal platesyappordinigtoheswertiast i ¢ danpi ng adhesive is a material that
functions to dissipate vibrational .energy, so.that vi fion re not as
readi |y transm t?g?}‘{’éaa?ﬁ?fsﬁmnla ey AhdidAgPIIER t_quﬂ{l?}egsg%a&g fact ure,
t he vi sco- ek:astiis (AVA-Y i RRkA ! 9-BRiRe 8 AeSnPdnt@nst r ong

pol yest er f‘?l?g#%lg,eeg%gﬁbgs ‘ﬁ/%oaé. The %ﬁe?ng%ngdla%hegﬁve %ns Pirst attached
to the top panel FEB, 5id gehpbctiveaiclanpthedighl-drive dvisdis ofiFIGCl @dthokbther educi ng
rotational vibratiaqons of typical platter rqotational rates, e.g.,. at 7,200
rotations p&iveRmHistie thegboly, shewinessersmeried stitfenergnd dhe dividgss, acegrdingito10, 000
RPM correst?l%qg\;ﬁg J0 167 Hz, as wel | as randomrotational vibrations

i nduced by ENEHER™dr i ve actuators typically having a frequency between

OH2 and 1 KHz advant ageously the steel danping plate has a thickness of |
.smllinmeters, the filmhas a thickness of s 1 microns (2 mls), and the

adhesi ve has aDETAWERDESCRIRTION QOIWTHRPREEBRBEILEMBOIMENTS: he film
for a total thickpess of 1 s3 m.crons ) | s) of adhesive and fil
| ani nate bet vveenJi'B?]wa’B'ﬂP"p‘éﬁmbogﬁﬂl?ﬁg{sgé{gﬁﬁgaﬁﬂsa‘foé‘%egﬂm&}?%f%ve&

vi sco- el astbaratesd eud e uofte b R pRrddn! SR hIRk-B3E!

i ncl udes RAP%& , agéa?ﬁélb%yﬁfg%ﬁmatro 'o?ﬁlgg%nyvé EeH,p%E:al infor nia. The
danpi ng pl afiréit generdtey tibrionsbhudey aitérgireatit thobpsratién & Hadjadentdrireertinive. t h
corresponding holes 72 in the top panel faqr ease_of manufactuyre. Between

the niddl e Famdisk-drge chassis of therinyrntion is particnlanly Adyaptageopsin 1educing gheot her

rel ated el ectroni ¢ equi prent,. ..Ih eni n Y] I er
conpart rrenttgm}fgugsg%&g 0%618P%1i vt’li’rSﬁ%I? tw ed}gﬁéis%gtls g*%*gf?%x‘} @%&%@Dﬂ:} e ended"
in that it JRYrheMEg BY Aldkk1diveR Hed®a@Maiid éfke H2a@kad difork NThelidfk=diveve units
14. The di sk-drive chassis 10 may further include a corrugated stiffener
78, as shown in FIG 4, for strengthening the m ddl e panel 52. The
corrugated stiffener may be spot welded to a bottom surface of the mddle
panel . The corrugated stiffener has 18 MAR 2003 -6 ridges 80 which are
preferable aligned to be parallel with the spindle axis 20 (FIGS. 1 and 2)
of the disk drives. Aligning the ridges to be parallel with the spindle
axi s has been found to be particularly advantageous for reducing the
transm ssion of rotational vibrations between disk-drive units 14. As a
result of increasing the stiffness of the chassis using the stiffener 72
and the vertical dividers 60, and danping the vibrational nodes of the
chassi s using the constrained-|ayer danping plate 64, the disk-drive

I A~ Y S - "



principles of the invention, the scope of which is defined by the appended
claims. 18 MAR 2003 WE CLAIM 1. A disk-drive chassis for receiving an
array of disk-drive units, the chassis conprising: an upper panel, a | ower
panel, .and first and second side panels that are configured to‘]d fMﬁR?ﬂUB
opening for receiving the disk-drive units; at |east one vertical divider
that extends fromthe upper panel to the | ower panel for strengthening the
chassis; a stiffener attached to at | east one of the upper or |ower panels
for strengthening the chassis; and a contrained-1ayer danmping plate
attached to at | east one of the upper and | ower panels for danping
vibrations to reduce transm ssion of the vibrations between the disk-drive

uni ts by t hehagdlassine inVrBbgirédicBesi#amata8adbRboandshad indrdasd thoaife upper
panel by a lamnate of a first |layer of visco-elastic adhesive, a second

| ayer of fithmughputsofithe Hiskdirlvayits.of vi sco-el astic adhesive. 2. A

di sk-drive chassj s _as _defined | | ai m erein.the danping plate is a
steel plate haviﬁéﬂhmtfw%%ﬁ@%wﬁ?l b ggrﬁlﬁir%@wés,ls hhag heluralityt

second and ' MShi /8 1.G AL ns, 3.. A
e dr v UGS 1D BB B AR a‘?ﬁsfk‘%\%ﬁg}%‘%@?ﬁ%&dﬂ.ﬁ% e S pas e
and danpi ngepdtahe itematoisk pieeth hgd c@ebdpenditehéadadisn 8 ST plbgémeerest he

di sk-drive units of rotational vibrations having a frequency between 0

hertz and 14000t pepindle axis 20 at a relatively constant rate. The head arm, however, rotates
about a pivot point 32 in relatively random back and forth movements as it seeks to
position a read/write head 34 over data tracks on the hard-disk platter. The head arm
will often change direction and is a significant source of rotational vibrations
generated by a disk-drive unit. The slots includes rails 36, hooks 38 and stops 40
which are configured to engage corresponding rails 42, springs 44 and levers 46 on
the disk-drive units for securely engaging the drive units to the chassis.

As shown in FIG. 3, the disk-drive chassis 10 has a top panel 50, a middle
panel 52, a bottom panel 54, anc‘l first and second side panels, 56 and 58. The top and
middle panels are welded to the first and second side panels to form a rectangular
opening. Within the rectangular opening are vertical dividers 60 which divide the
rectangular opening into the slots 12 for receiving the disk-drive units 14. The
dividers are securely attached between the fop panel and the middle panel. The
dividers increase the structural strength of the chassis by mechanically coupling the
top and middle panels together and thus reducing the transmission of vibrations
between the disk-drive units in the slots. Cutouts 62 in the dividers are advantageous
for allowing air circulation around the disk-drive units.

A constrained-layer damping plate 64 may be included on an exterior surface
of the top panel 50 for absorbing vibrational energy and damping the natural
rotational vibration modes of the chassis 10. The damping plate may be a steel plate

which is sized to cover nearly all of the top panel’s exterior surface and which is



18 MAR 2003 _g_ 4. A disk-drive chassis. as defined in claim11, wherein the

divider, the stiffener and the danping plate are configured to
transm ssion between the disk-drive units of rotational vibrati ])%LM%R 2\803

di sk-drive chassis as defined in claim1l1, wherein the danping plate

I ncludes at | east one alignnment hole for aligning with a correspondi ng
alignnent hole in the upper panel. 6. A disk-drive chassis as defined in
claim1l1, wherein the divider has cutouts 'for providing inproved air
circulation with the chassis. A disk-drive chassis as defined in claim1,
wherein the stiffener is corrugated and is spot welded to the | ower panel.
8. A disk-drive chassis as defined in claiml1l, wherein the opening is

configured vahl - di sk dr Lve: Ui . di sk-dr,i ve
chassi s as %ﬂtg%‘clhﬁdgg) ?’E e)cqegi:a?n ,ac\tﬁﬁglrn%az‘k‘% eél}éﬁg:;t{s%ﬁ ﬁﬂ%gd?é\%lo‘goégﬁgg‘ggeﬁd%énpeni ngs
for receivi ngFichd. ditekdadipingplatd fuBctions to 4tifeMhbd top BRES widle ablorbihgdi sk-drive
chassis, conprising: a plurality of slots for retaining a plurality of

di sk-drive vibratipnal encpatt Thesyigco-elastic dampies adliesivieds pmaatemal |thaifundivaspd at t er
t hat rotateg._about .a | ndl e axi and a corrugat ed i ffeni.ng, menher

2t t ached 1 oS B afotaRan ShEeg s Buay Stafhr GiA A SohEh SRR on o
rotational mbhrtatdempinginveen disk-drives units retained in the plurality
of slots. 11. A disk-drive chassis as defined in claim 10, wherein the
stiffener has coFpuemtiocbnemntifaaturgitke visceplnsttc gthesive &6 it eppilted te piotiddidesaxes
of the plurality of cfisk-g{live units. 12. A disk-drive chassis as defined

in clai m 1001 % HFANEROIESHEAIE Gy suchasMylar« yhefilmiepd adhesivros fisehptippleed to
DL ALY e i 38 A RSO BRE 90tned ot Mt 1250
vibrations of typical platter rotational rates, e.g., at 7,200 rotations per minute (RPM),
corresponding to 120 hertz (Hz), and at 10,000 RPM, corresponding to 167 Hz, as
well as random rotational vibrations induced by the disk-drive actuators typically
having a frequency between OHz and 1KHz, advantageously the steel damping plate
has a thickness of 1.5 millimeters, the film has a thickness of 51 microns (2 mils), and
the adhesive has a thickness of 51 microns (2 mils) on both sides of the film, for a
total thickness of 153 microns (6 mils) of adhesive and film laminate between the top
panel and the damping plate. A suitable visco-elastic adhesive for attaching the
damping plate to the top panel includes RA-980, available from Anatrol of
Sunnyvale, California. The damping plate may further include alignment holes 70 for
alignment with corresponding holes 72 in the top panel for ease of manufacture.

Between the middle panel and the bottom panel is an opening 74 for housing
other related electronic equipment. The opening may be divided into smaller
compartments by several partitions 76. The chassis 10 may be “double ended” in that
it may have slots 12 on two ends for receiving the disk-drive units 14,

The disk-drive chassis 10 may further include a corrugated stiffener 78, as
shown in FIG. 4, for strengthening the middle panel 52. The corrugated stiffener may

be spot welded to a bottom surface of the middle panel. The corrugated stiffener has



confiigured to renovably engage the disk-drive units. 14. A disk-drive

chassis as defined in claim12, further conprising a constraingdglgy
danping plate attached al ong an external panel of the chassis gh&tﬂ@ 2003

common .to the plurality of slots. 1 ~ MAR 2003 -10 15. A disk-drive
chassis, conprising: nmeans for retaining an array of disk-drive units;
corrugated stiffening nmeans coupled to the retai ning neans for reducing
transm ssion of rotational vibrations between disk-drive units; vertical

di vi di ng neans coupled to the retaining freans for strengthening the chassis
and for reducing transm ssion of rotational vibrations between disk-drive
units; and a danpi ng neans coupled to the retaining neans for danping
natural vi brdges 80 whicesre pfeftdablecligssd ®.beparallel withkhdjsljimﬂeeh'a% FI1@S. tef i ned
in claim15, wherein the stiffening neans, dividing means and danpi ng nmeans

are confi g@Pé@)PSﬂFéH%@Y%eAﬂWﬁh%E@SFﬁ tp B¢ paratel wih diesspintle gisbas t s of

LA o e AP0 LIRS SR Ak BRRRY i FERR e MahatoRRR o ieuR

means, di vm;iﬂ,ﬂagoﬁga%@@e@msgaﬂpwgn@r@ confl gured to reduce the transm ssion
between the disk-drive units of rotational vibrations. 18. A disk-drive

chassi s as defi néslargsuls I0§innrd@6i,ng\ﬁh@$téﬁr¢ss dfghelchageis ullﬁinigghastéfffrr@mﬁﬁ abdy

engaged in the chas by th talnln qreans -drive chassis as
defined in E‘? &?W%éﬁ"‘aﬁ‘érﬁ@r ‘ﬁ?é“ tnal modes oF {fe tiadis using the

constrained-layer damping plate 64, the dlsk-dnvc chassis 10 of the invention has
been found to lower a disk-drive unit’s tracking degradation by 0.2 micro inches
which is an improvement of about 50 percent. Further, the chassis of the invention
advantageously has no amplifying rotational vibration modes at typical platter
rotational rates.

While the foregoing has been with reference to specific embodiments of the
invention, it will be appreciated by those skilled in the art that these are illustrations
only and that changes in these embodiments can be made without departing from the
principles' of the invention, the scope of which is defined by the appended claims.



t wo ,opposed retaining neans for receiving, respectively, two arrays of

" disk-drive ants. 1 8 MAR 2003 11 20 A disk-drive chassis for r}egey'%maﬂg
array of disk-drive units, the chassis conprising: an upper panel,

panel, and first and second side panels that are configured to define an
opening for receiving the disk-drive units; at |east one vertical divider
that extends fromthe upper panel to thé-1ower panel for strengthening the
chassis; a stiffener attached to at | east one of the upper or |ower panels
for strengthening the chassis; and a constrained-|ayer danping plate
attached tg/mbylagept one of the upper and | ower panels for danping
vibrations to reduce transm ssion of the vibrations between the disk-drive
units by the chassis, wherein the danping plate includes at |east one
alignment hole for aligning with a corresponding alignnment hole in the
upper panel. 21l. A diAKisHr chpsstssfosregel vingranrasthyiof diskadmy@onitsptier ei n t he
danping plate .is attached to the upper panel by a lamnate of a first |ayer
of visco- V48P EOHBHYE8EVe, a second layer of film and a third layer of

vi sco- el asti ¢ adhesi | 6Ka b, i i: i l.ai. m 20,
wherein the divider, XIEF P@gﬂl%a%egg%e?’nﬁap gttazldgsr%g&g{o%??gﬁéégsd&tagh@educe

t he tr ansnisdigaredietdefireiat bpeningsfor dedeivingithe diskadrivealmdts; onal vi brati ons
having a frequency between 0 hertz and 1000 hertz. 23. A disk-drive chassis

as defined in clai m 20leashaae serticalidividen thafextends fosy therupper panedita the danpi ng

pl ate are f.1.gun .ansm ssi on between the disk-drive
units of rlg'g}a%{bé“n%?gr\f&%lrl%@ggﬁg.ﬂ{e%il.agis?di sk-drive chassis as defined in
claim 20, wherein thgsglffsied @ttadhad te stledst snd @ffth@ﬁﬁﬁé@rflswawy.@ﬂr arr _
circulation with the chassis. 25. A disk-drive chassis as defined in claim
20, wher eistrengthepingftheelmssis;sandor r ugat ed and is spot wel ded to the | ower

panel . a constrained-layer damping plate attached to at least one of the upper

and lower panels for damping vibrations to reduce transmission of the vibrations
between the disk-drive units by the chassis, wherein the damping plate is attached to the

upper panel by a laminate of a first layer of visco-elastic adhesive, a second layer of film, and'

a third layer of visco-elastic adhesive.

2. A disk-drive chassis as defined in claim 1, wherein the damping plate
is a steel plate having a thickness of about 1.5 millimeters, and the first, second and

third layers each have a thickness of about 50 microns.

3. A disk-drive chassis as defined in claim 1, wherein the divider,
stiffener and damping plate are configured to reduce the transmission between the
disk-drive units of rotational vibrations having a frequency between 0 hertz and 1000
hertz.



26. A disk-drive chassis as defined in claim20, wherein the opening is
‘configured to renovably engage the disk-drive units. 18 MAR 2003 12 27. A
di sk-drive chassis as defined in claim20, wherein the chassi{ BaMAREQOOS

opposed openi ngs for receiving the disk-drive units. 28. A disk-drive
chassi's as defined in claim21, wherein the danping plate is a steel plate
havi ng a thickness of about 1.5 mllinmeters, and the first, second and
third | ayers each have a thickness of al8eut 50 microns. 29. A disk-drive
chassis for receiving an array of disk-drive units, the chassis conprising:
an upper panel, a lower panel, and first and second side panels that are
configured to define an opening for receiving the disk-drive units; at

| east one vertical divider that extends fromthe upper panel to the | ower
panel for strengt heniggisklieve BR&S 95 defifeldiih tROLN, dhtrehed daded teeast one
of the upper or |ower panels for strengthening the chassis, wherein the
stiffener stiffener aud)theetimping platesypotonfigutddo raluce ethie dnaesmpsaioalbetwert a
constrai ned-| gyer, . danpi ng. pl ate attached to at | east one of the upper and

| ower pane&?dfa‘lﬂ‘r’d’a‘é‘?rgﬁﬁgo%\fP‘BP%‘WdH’éatﬂ%‘Sr educe transm ssion of the

vi brations between the disk-drive units by the chassis. .Ah A A A A,

. A@ AE . A3u?. A@QASf _. Af9. A >xJ'r~

4PRTZ] azuoj d_ZU] ca] ca] c&aU] c&a] c&aU] c&a] ca] ca] ca] ca] ca] ca] c&al] c&a] c: a] ca] ¢
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8. A disk-drive chassis as defined in claim 1, wherein the opening is

configured to removably engage the disk-drive units.

9. A disk-drive chassis as defined in claim 1, wherein the chassis has two

opposed openings for receiving the disk-drive units.
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h respectively, each drive unit having at least one platter that rotates about a spindle
axis, and
a corrugated stiffening member attached to a panel of the slots and
configured to reduce transmission of rotational vibrations between disk-drives units

retained in the plurality of slots.

- 11. A disk-drive chassis as defined in claim 10, wherein the stiffener has
corrugations that are oriented parallel to the spindle axes of the plurality of disk-drive

units.

12. A disk-drive chassis as defined in ciaim 10, further comprising a
plurality of dividers between the plurality of slots for strengthening the chassis.

13. A disk-drive chassisas defined in claim 10, wherein the slots are
configured to removably engage the disk-drive units.

14. A disk-drive chassis as defined in claim 12, further comprising a constrained-
layer damping plate attached along an external panel of the chassis that is common to the

plurality of slots.
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15. A disk-drive chassis, comprising:

means for retaining an array of disk-drive units;

corrugated stiffening means coupled to the retaining means for
reducing transmission of rotational vibrations between disk-drive units;

vertical dividing means coupled to the retaining means for strengthening
the chassis and for reducing transmission of rotational vibrations between disk-drive
units; and

a damping means coupled to the retaining means for da‘mping natural

— vibration modes of the chassis.

16. A disk-drive chassis as defined in claim 15, wherein the stiffening
means, dividing means and damping means are configured to reduce the
transmission between the disk-drive units of rotational vibrations having a frequency

between 0 hertz and 1000 hertz.

17. A disk-drive chassis as defined in claim 16, wherein the stiffening
means, dividing means and damping are configured to reduce the transmission

between the disk-drive units of rotational vibrations.

18. A disk-drive chassis as defined in claim 16, wherein the drive units are

removably engaged in the chassis by the retaining means.

19. A disk-drive chassis as defined in claim 16, wherein the chassis has
two opposed retaining means for receiving, respectively, two arrays of disk-drive

units.
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at least one vertical divider that extends from the upper panel to the lower panel for

strengthening the chassis;

a stiffener attached to at least one of the upper or lower panels for strengthening the
chassis; and

a constrained-layer damping plate attached to at least one of the upper and lower
panels for damping vibrations to reduce transmission of the vibrations between the disk-drive
units by the chassis, wherein the damping plate includes at least one alignment hole for

aligning with a corresponding alignment hole in the upper panel.

21. A disk-drive chassis as defined in claim 20, wherein the damping plate is attached to
the upper panel by a laminate of a first layer of visco-elastic adhesive, a second layer of film,

and a third layer of visco-elastic adhesive.

22. A disk-drive chassis as defined in claim 20, wherein the divider, stiffener and
damping plate are configured to reduce the transmission between the disk-drive units of

rotational vibrations having a frequency between 0 hertz and 1000 hertz.

23. A disk-drive chassis as defined in claim 20, wherein the divider, the stiffener and the
damping plate are configured to reduce - the transmission between the disk-drive units of

rotational vibrations.

24, A disk-drive chassis as defined in claim 20, wherein the divider has cutouts for

providing improved air circulation with the chassis.

25. A disk-drive chassis as defined in claim 20, wherein the stiffener is corrugated and is

spot welded to the lower panel.

26. A disk-drive chassis as defined in claim 20, wherein the opening is configured to

removably engage the disk-drive units.
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having a thickness of about 1.5 millimeters, and the first, second and third layers each have a

thickness of about 50 microns.

29. A disk-drive chassis for receiving an array of disk-drive units, the chassis comprising:

an upper panel, a lower panel, and first and second side panels that are configured to
define an opening for receiving the disk-drive units;

at least one vertical divider that extends from the upper panel to the lower panel for
strengthening the chassis;

a stiffener attached to at least one of the upper or lower panels for strengthening the
chassis, wherein the stiffener is corrugated and is spot welded to the lower panel; and

a constrained-layer damping plate attached to at least one of the upper and lower
panels for damping vibrations to reduce transmission of the vibrations between the disk-drive

units by the chassis.



