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.MEMBER DI SK CLAMP BACKGROUND OF THE | NVENTI ON 5 Field of t he I nvention
The preserpobyngion relates to a data storage device, % s? 0
particularly, to a structure for securing one or nore dis A% di sk
drive, the structure exerting a clanping force which is 10
~substantially uniformy distributed around the disk. Description of the

Rel ated Art Conventional disk drives for use in work stations, personal
conputers, and portable conputers are reqyl#ed to provide a | arge anmnount of
data storage within a 15 m ni num physi cal space. I n" general,

W nchester ‘type di sk drives operate by pOSItloning a read/wite transducing

head over respective tracks on apgfiaiEREeERpRek eraMe age disk.

Positioning of the head over the tracks rIs acconpllsﬁed by -an act uat or
coupled to 20 control electronlcs whi ch control ‘the positioning of the
actuator and the read/wite functions of the heads. Greater demands are
bei ng placed on disk drives by (1) the wuse of nulti-user and/or

mul ti-tasking operating systens, (2) work stations which provide an 25
operating environment requiring the transfer of |large anmobunts of data to
and froma hard di sk and/or |arge nunbers of disk accesses to support | arge
application WO 95/ 23410 '

PCT/ US95/ 02402 -2- prograns or nultiple users, (3) the present popularity

of notebook and | aptop conputers, and (4) the continuing trend toward
hi gher performance m croprocessors. Al such systens require a hard
drive ' '

BACKGR! _ OF THE INVENTI N

5 Field of the Invention :
The presént invention relates to a data storage
device, and more particularly, to a structure for
securing one or more disks within a disk drive, the
structure ‘exerting a clamping force which is
10 substantially uniformly distributed around the disk.

Description of the Related Art
Conventional disk drives for use in work stations,

personal computers, and portable computers are required

to provide a large amount of data storage within a

15 minimum physical space. In general, Winchester type

disk drives operate by positioning a read/write

transducing head over respective tracks on a rotating
magnetic storage disk. Positioning of the head over -

the tracks is accomplished by an actuator coupled to

20 - control electronics, which control the positioning of

the actuator and the read/write functions of the heads.

Greater demands are being placed on disk drives by

(1) the use of multi-user and/or multi-tasking

operating systems, (2) work stations which provide an

25 . operating environment réquiring the transfer of large

-.amounts of data to and from a hard disk and/or large

numbers of disk accesses to support large application



5 havi ng hi gh- capacity st orage capability, whi | e occupying a

m ni mum of space within the host conputer. In order to accommbdate these
demands, W28/28426 a need to produce a smaller hard. di sk drimerokssmhseat the
sanme time has an increased storage capacity. For  such 10 appl i cations,
single drive capacities on the order of hundreds of negabytes are common.
An inportant determnant in the storage capacity of a disk drive is the
flying height of the transduci ng heads above the rotating disk. In
conventional 15 W nchester-type hard dr2ves, once the storage disk
achieves a certain angular velocity after start-up of the drive, a cushion
of circul ati ng pfegreams corhmuitipiecusershe (3i)sicheoprasatte papulapityf t he

surface of the gf SknbpebBRiCDYaREN! FUBLAR' | WdipUdLHY - EBMI NAA0 cnyery
| ow flying heights offers several _adv ntgge_s, primary anong themis that
flying the heac¥rinQinge tot¥ARAd| sktoWRLece af} Bor PIIAETRRGED t

density (i.e., :%i@r éésQBrQ?BaAb.bitzﬁuénrs'Qﬁ_émﬁgréqdﬂi‘é armfd.d%ivahe

gr eat est ata ,bi t, densi wou e obt ai ne ene the tran ng

head ri des:’di n CHNARY vvi}#gphﬁag?ﬁ?‘&ae dis%rag%mé‘:%"fmt ¥ont a8t oF the

head and head sb¢cigpyimghatinéndmam sfr Bpacewstithiredie hHostaomputert he

head and/ or di [ upr.e (8] [ [ has
Stn B%Hrd’@r\/ﬁée&%ggﬂﬁ%%ﬁagg th el tdhé%aﬁfe edlég, Therd'Uss 4 e

been an industry™ ecrease ] ht at which read/wite
heads are mai nt&® regeduee ahsmalirrsharscdigk Kiveasthish 2t ittheeame

contact with theifeShagir haCCintPehBBa1%oBageyidipd@igp! S Wwebe CORERN Yy
about 10Q m croi néfgg éierr].). At _present, technol ogl cal advances 35 I n
read/ wri t*? head®P FriRngy | F4NFIE FF IR CAPRGHEYES OWJE;SWGZ r of q
PCT/ US95/ 02402 hundreds of megabytes are common. : -
An important determinant in the storage capacity
of a disk drive is the flying height of the transducing
heads above the rotating disk. In conventional
15 Winchester-type hard drives, once the storage disk
achieves a certain angular velocity after start-up of
the drive, .a cushion of circulating air above the
surface of the disk forces the head up off the surface
of the.disk to thereby achieve a flying height. Having
20 very low flying heights offers several advantages,
primary among them is that flying the head very close
to the disk surface allows for a high data bit density
(i.e., the number of data bits per inch on a data
track). The greatest data bit density would be
25 obtained where the transducing head rides in contact
with the storage disk. However, the contact of the
head and head slider with the disk surface would result
in damage to the head and/or disk in an unreasonably
short period of time. Thus, there has been an industry
30 wide push to decrease the height at which read/write
heads are maintained over the disk surface without
actually riding in contact with the disk surface. 1In
the 1960’s flying heights were commonly about 100
microinches (u"). At present, technological advances
35 in read/write heads and disk drive design have allowed



*3- the reduction of flying heights to around 4 [err] in commercially

vi abl e disk drives. Wien a head flies over a disk, the flying height does
not renni woossRs4ent, but rather tends to fluctuate 5 sl ig@f.,bg”%i%e and
bel ow the normal flying height. -l ower flying heights, a varration in
the fly height may cause the head to random y contact the disk surface.
This situation is referred to as intermttent contact. Presently, flying
hei ghts have been reduced to the 10 poi nt where intermttent contact
with the disk surface has become an inportgnt consideration in the

tri bol ogy of the head/disk interface. Repeated interm ttent contact

bet ween t he hea‘éh%ndrédﬁétibﬁl“c?f! kQ?ihgorh@i'gﬁtB@ YcskapHhaces Cam Cawise
darmage to the head and/,or. cause drive failure in an

unreasonabl y sh&GPM§ES 1@&1(% “Hal:Fﬂ-e I‘#%rﬂ ary disk drives, such as the
2[err] and 3[err] incwhénran heaofldesveverspedisk,atthentflonmgy Heightpai d

the drive " buaoRs aBE, hRaNRCHah s S8 hRhl Srt Ade Nedde oo ERIGMAIT D
by convent Bonal Sdnghﬂb(aﬁb@ﬂﬁa&ﬂdeb@i@ha_témgmdnmﬁdntﬂmm elmxgim t L i nner
di amet er of the Ee gﬁg_nbeggggh%st rihpn ggnbgﬁogﬁeaf : t:ﬁ%ﬁ es tQ

t he present fIy| ng e read/wite head o

Wth the head fFpRA§ Q:mﬁ,%dtBOt Fangiosly Stach gﬁhedﬁetséirts%% t he
di sk surface camnhiaugstiuaRiancds eFe¥rdetio a@intleraid tdHrty &admidar e in a

short period of _tine. A sec d reason distortion has becoye_a problem
30 rel ates tgrfeﬁ&nﬁ]ryckn ?’r?é‘ﬂé hav VEn DRI & €§P r 5Pi d'%ii sk
drives, sl@h aspohet5where :mn:lexmidttlemtge:on‘taan fwetho e kel iddessk sdmfatbesks

IS o L PR e et b T U Uy

force of the dis
of the head/disk 1nterface. Repeated intermittent

contact between the head and a particular location on

- the disk surface can cause damage to the head and/or

15 disk, and may cause drive failure in an unreasonably
short period of time.

In contemporary disk drives, such as the 2% and 3%
inch form factor drives_; special attention must be paid
to the structure and method used to clamp the disk or

20 disks within the drive. Due to a combination of
factors, distortion in the disk caused by conventional
disk clamps has become a significant problem near the
inner diameter of the disk. One reason distortion has
become a problem relates to the present flying heights

25 of the read/write head over the disk. With the head
flying so close to the disk, even slight distortions in
the disk surface can cause repeated intermittent
contact and drive failure in a short period' of time.
A second reason why distortion has become a problem

30 relates to the thickness of the disk. In previous
generation disk drives, such as the 5% inch and larger
form factor drives, the disks used were relatively
thick, and thus were able to withstand the clamping
‘force of the disk clamp without significant distortion.

35 However, in an effort to minimize the height of 3% inch



35 However, in an effort to mnimze the hei'ght of 3[err] i"nch WO
95/ 23410 wo 9523410 PCT/ US95/ 02

smal ler formfactor drives, the thickness of the disks use as ﬂ’gen
reduced to the point where distortion of the disk by the clanmp is a

potentially significant problem 5 Anot her reason why conventi onal
di sk cl anps pose significant disk distortion problens relates to the manner
in which the clanp secures a disk within the disk drive. In conventional

drives, the dISk IS prOV|ded on a cylindrfcal hub which is affixed to the

10 ~ rotor %Hs 3 %%%n%%gbgsghael%%v'da&é%ieﬁegst%% and

has a | arger I'us. suc duter crrcunferencial portion
of the clanp | sdmkeonuaed whas t beeni sgreduced)| §oal ithe oPaiditenwvhexe

through hol es a&gHEQrEthnQﬁr &aé CHTER' BYCicHe ROYANPNidSa potfeddEaxipny,

and into threade ores In the hub. Conventionally,* anyv\,here fromthree to
ei ght screws ar§19§é§1FﬁthP§°P}|9§‘-of clanp configuration, In smaller disk

drives whigh do not rmﬁ@raréaéaﬁ ahynabngeﬁeionaladabmmmmgpcassi ngl e

screw t hrough the center cl.a n

When the screwsSiPB* F'fjﬁf‘&ne%“’s}f h315$8§§|#§’ ;?i( ?ﬁe&ﬁ%rev\%laqj'é/ fg'?red to
the outer circunfenenciial wintchothef c¢lemp| aepuresi éh d;xni:avdshme thek to
secure the di skagpdighpybl P! 4GP cohbentachitl Mitives,Scereclatpgerid 25

consi derabl e fofCé"in ordef to prevent any sl'i ppage, .radial novement or
tilting of one prowbdeddiopks CYRdinicak Yjﬁichaaﬁaﬁf%‘ﬁerw drhe

tilting ofpa di Kchrt Bfntﬁedépyﬁ fStbE, reﬁt&Iamp I8 PYoV Ldéd Wi -docdd ng of
the head with rgspec&bs oand has aif lag\ger raé:.us than the hub such that
an outer circumferencial port:Lon of the clamp is in
contact with the disk. A plurality of screws fit
through holes around an inner =ci'i':‘Cumfe'rencial portion
15 of the clamp, and 1nt:o threaded bores in the hub.
Convent:.onally, anywhere from three to e:Lght screws are’
used in this type of clamp conf:.guration. In smaller
disk drives which do not requ:Lre a large clamping
force, a clamp having a single screw through ‘the center
20 | of the clamp may alternatlvely be used. When the
screws are tightened, the pressure at the screws is
transferred to the outer circumferencial portion of the
‘clamp, which contacts the disk to secure the disk or
disks in place. The screws must be secured under a
25 considerable force in order to prevent any slippage,
radial movement or tilting of one or more disks. Even
a very slight radial movement or tilting of a disk
within a drive could result in mechan:l.cal off -tracking
of the head with respect ‘to the dlSk which off-
30  tracking could result in read/write errors.

Ideally, the force exerted by the dlsk ‘clamp at
the circular line of contact defined between the clamp
and disk should be uniform around the entire line of
contact. However, tlie clamp is in fact structurally

35 weaker in the area around the screw holes because of

(



30 tracking could result in read/wite errors. ldeally, the force
exerted by the disk clanp at the circular line of contact defined between
t he cl anpVemes/zask shoul d be uniformaround the entire |ine ﬁi‘nﬁ?ﬁﬁﬁﬁi'

- However, the clanp is in faet- structurally 35 weaker in the area dfound
the screw hol es because of "~ WD 95/ 23410

PCT/ US95/ 02402 -5- the absence of naterial in the hol e_égfg.,,f}?:Fh-i..s,_ﬂresul ts in
| ocal i zed stresses at points around the line of contagt located radially
outward fromthe screw holes. These | ocal.i ?eq stresses$~t.end.to distori~the
di sk. The 5 stresses. are greatest neaf the inner diangter. 6f . the'djsk,

and tend to di sgi Jead j M, he..gi sk, Soto ¢
create distorti %rt]ié?tﬂ% he_ di g’kf Ell%m a:(f%]f g_irga t%rrrll(gii%' On’ﬁ#%_r%?u%?st‘%é»

i nner di anet er gpqaﬁé-?ﬁ%lét’ﬁ?@ﬁﬁe% pPeints arpyndeyhgi sipet pEncontache

di sk due to nologeited Nrd Ml Y Joh OFEEd "EY o€ the Ricdewvdhoikd O 2PnhakE&! ONs.
Since read/ wit hezi%%[ege gr.esent |y f|él rc]"%bat nornalized surface helghts
of less than apgroc?)ﬁ yShFEFPFS jtep afiBkerts | theg d4RK headThear
the innér §5  stiresses are t gredtebtwindar ashe t ihneseddameted aeghed
intermttent copt ] [ | N of the disk, which
may result in dghggé %nc{ %ﬁ:ﬁoﬁ%gggggfzgk%grﬁg& }té‘ee TSR eé}&,.}h%?'er

unr easonabl y sh@ft theidiski sonm@s toREmeatEVEMBEFEORG6in the disk

similar to patterns 10 on Fig. 1. :
At the inner diameter of the disk, the peak to
10 valley distortion of the disk due to non-uniform
clamping force may be as high as 10 to 20 microns.
Since read/write heads are presently flying at
normalized surface heights of less than approximately
4p", it is clear that flying the head near the inner
15 diameter of the disk will result in severe and repeated
intermittent contact of the head with the high points
of the disk, which may result in damage to the head
_and/or disk and drive failure in an unreasonably short
period: of time.
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SUMVARY OF THE I NVENTION 5 According to the present invention, there is
provi ded llanp for securing at |east one storage di ] di sk
drive, coﬁn%rglblgéﬁr%g a first annul ar nenber securely affi xedwgﬁﬁg‘mgf t he
disk 10 drive, the first annul ar- nenber including a plurality of threaded
hol es, one threaded hole of the plurality of the threaded holes mating with
threads formed o Nion of the hub to thereby securely affix the first
annul ar ; a second annul menber concentric with the

[ and having a centtal opening and no other holes

t her et \AY NMIEAT st annul aWessive force on the
second menber, the second annul ar  ne contacting an upper disk
| east one disKsatBerefoFefp ePIASH OF | the BResit dvention

| east one disk tg ﬁ?ﬁiﬂi&etﬁedfék?@rnlr@&ﬁpamﬁeCbﬁh:eﬂliéble tded dividanire ve;

and a plurality of screws rOVI h J_east of. the plurality
of threaded hol‘égeﬁﬁﬁleﬂn?‘ Cle]xﬁé'e eﬁL q’é’%’rft@é’ ﬁﬁfegq'g%%bnd annul ar
menber, -t pluralitytofisar fustheer bbmgca bﬁatherprémelsemmmaro

menber, (he second, 830ubAlaEUer YO Wil 2?1 dLAIAIRA hPO Jﬁf{rté

the at | east o to Secure e at least one
drive. The firsdiamatexr ofekber disk He swhst aeifllét@dfﬂ%%@ steel 30 The

second annul ar rrenbermmg_sbeaccgg)ﬂfeq,@‘thﬂynbgg@ct o RERLWEE eﬂ-{_EET. -
6A - The second, annul ar nenber have, a sggéstantlal 1%/ "Z" "d’?
g 1% he

construction, thRBVERELQR; EQ B?o‘ﬁ: B’ L Secpring @ disk o
menber, agecond dgeki Arivfet hn aerﬁmedm;temanient to the hub without

causing distortion of the disk.

These and other objects are accomplished by the
present inventior, which relates to a disk drive
including a disk clamp for clamping one or more disks

15 within the disk drive. The clamp”is comprised of a
dual member construction which prov:.des a substant:.ally
uniform contact pressure at the c:.rcular line of
contact between the clamp and the disk. The clamp
includes an inner ring surrounding the hub and fixedly

20 attached thereto by means of threads on the inn:x
diameter of the ring which mate with threads provid.ed
on a portion of the hub. The inner ring preferably
does not contact the disk. The clamp further includes
an outer ring, having a first pbrtion underneath the

25 inner ring and a second portion provided axially
outward from the inner ring. The second portion of the
outer ring contacts the disk in a substantially
circular line of contact. The inner ring further
includes a plurality of threaded holes, through which

30 a plurality of set screws are provided. The screws,
when sufficiently threaded through the holes, exert a
pressure on the outer ring, which in turn exerts a .
clamping force on the disk to secure the disks within
the drive. The outer ring is formed without any holes.

35 Thus, the disks may be securely clamped within the

THIS SHEET HAS BEEN
- REPLACED .
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the upper disk of the at least one disk, and a third section may extend
obtusely between, and connect, the first and second sections. 10 The

pl ural i t yWO9S83418s. ray conprise six screws. -7- BRI EF RCUTSPINR OF
THE DRAW NGS 5 The i.nvention wi |l now be explained with reference
to the Figures in which: FIGURE 1 is a prior art top view of a di sk showing
a distortion of the disk due to the force of the clanping screws; 10

FIGURE 2 is a top view of a. disk drive according to the present invention;
FIGURE 3 is a cross-sectional view through7l rne 3- 3in Fig. 2; FIGURE4 is
a top view of a disk clanp according 15 to the present inv t|on FI GURE
5 is a cross-seffiggalthroughfcantask bByakhe WM FLRE,sW5 4t

FIGURE 6a is a &%a\ﬂl%‘éd%t%&sls@%ewh&bmrebulhefﬂbﬁktnéa@@rewcmne@gmo t he
present invention; IS a Cross sectlonal vi ew of the

i nner ring throGQHVIePﬁéo@ad- Iq.].a,g}%m%é{)e ®IE 7a is a top view of an outer
ring of the disk clanp according to the present inventi-on; and FIGURE 7b is

a cross sectional view of %@ME hE OB R 7-7 in Fig. 7a.
DETAI LED DESCRI PTI ON OF A T 1 [ I wi Il now be
descri bed &ith refer efpe inventgion wild now be explained with tefrrenceith a
novel di sk cl anppngpdesigide 1t RiBl@s ed enbodi ment
' FIGURE 1 is a prior art top view of a disk showing
a distortion of the disk due to the force of the

clamping'screws;
io .. FIGURE 2 is a top view of a disk drive according
to the present invention;
FIGURE 3 is a cross-sectional v1eW'through line 3-
3 in Fig. 2;
_ FIGURE 4 is a top view of a disk clamp according
15 to the present invention; _
FIGURE.5 is a cross-sectional view of a disk clamp
through line 5-5 in Fig. 4;
FIGURE 6a is a top view of an inner ring of the
digk clamp according to the present invention;
20 FIGURE 6b is a cross sectional view of the inner
ring thréugh line 6-6 in Fig. 6a;
FIGURE 7a is a top view of an outer ring of the
disk clamp according to the present inveﬁtion; and
FIGURE 7b is a cross sectional view of the outer
25 ring through line 7-7 in Fig. 7a.

DETAILED DESCRIPTION OF A PEEEERRED EMBODIMENT

The invention will now be described with reference

to Figs. 1-7b, which relate to a disk drive with a
novel disk clamping design. In a preferred embodiment

30 | of the present invention, the clamp design may be used
with 2% and 3% inch form factor disk drives. However,

it is understood that the present invention may operate

THis SHEET HAS B
[




30 of the present invention, the clanp design may be used with 2[err]
and-3[erra inch formfactor disk drives. However, it is understood that the
present WRP¥AM4I®n nay operate WD 95/ 23410 PCT/US95/02402

PCT/ US95/ 02402 -8- with disk drives of various sizes and designs, as well
as other types of data storage devices, such as optical and | aser storage
systens. Referring nowto Fig. 2 there is shown a disk 5 drive 20

i ncludi ng storage disks 22 and read/wite heads 24. Each read/wite
head 24 includes a transducer 25 nountged to a slider 26. The sliders 26
are in turn supported on an actuator assenbly 28. Transducer 25 may be a
convent i onal iwikktdisk Idrives aofdvarhguel sises, avd designslt asnwelle

embodi ment, Mayg %&m&-féfm-ﬁé{ﬂg@ﬁ et 1 C@gmgioﬁ%ee caahuat or

assenbly 28 is provi pi vot aroun [ by voi tor 32 in
response to c&ﬂ‘?da%ﬁ’grﬁq:_%ri@%eﬁvéﬁemﬁom-a printed circuit board (not
shown). As 15 | SReFewring théwato i) Ng Qiridd | 28 @hdwie &r giek20,

disks 22 are rptated_hy a spin.motor, 44 (Fig. 3) actuat or assenbly 28
i vors r o witieoats Sachulily Hrciads ks P8 Hdio eI HEI RN 0 ) s
transf-erred bdiesmdm t2e.r eadEacht e deadfwrddteanchedad d24ksifigliudes 26

plurality of qg%ﬁ%ﬁ ' . SLi dars 2 ‘each,. head, LS .pr ovi ded
to fly a very Sha .l(ij‘%gsjfg%%?“é ggéat ﬁ'g g‘u%?‘é‘cée%)g%i _sﬁ'gh_%Zgg%aélrékgeﬂ
r ot at e. | n &g efir rvarnniARpPeried e ABaRCHNALORY@ssembling2hai ght

bet ween 1-4 [ efpdngfiicbPPt 28R Inapbowe 2.2 [ @dnvertional  inB8cEhown in
Figs. 2-7b, disk nri ve, 20 furt heryﬂi_ncl ydes a di s_,lée cl z?r?p? 40 %gr (c::l arrginng t he

di sks 22.0 Ir1QWﬁﬁﬁﬁﬁﬁkﬁgmﬂ¥e%$nFigPrS}Qnﬁ¥cﬁ%&ﬁFﬁﬁFﬁYé'§W9Rﬁimﬁﬂt:
may be a magneto-resistive (MR) transducing element.

_ Actuator assembly 28 is provided1to'pivot“aréﬁnd{pin 30

by voice coil motor 32 in response to control signals

received from a printed circuit board (not shown). As

15 is known in the art, during operation of the drive 20,
disks 22 are rotated by a spin motor 44 (Fig. 3) and
actuator assembly 28 pivots read/write heads 24 across
the surface of the disks so that data is' transferred
between the read/write heads 24 and the disks 22 in a

20 plurality of concentric data tracks. Slider 26 of each
head 24 is provided to fly a very small distance above
the surface of disks 22 as disks 22 rotate. In a
preferred embodiment, the heads may have a flying
height between 1-4 u", and optimally about 2.5 n".

28 - As shown in Figs. 2-7b;, disk drive 20 further
includes a disk clamp 40 for clamping the disks 22. In
the embodiment of Fig. 3, two disks 22 are shown. It
is understood, hoﬁever,_that the presént;invention may
utilize one or more disks 22. In general, disks 22 fit

30 over a hub 42, and are separated and held in parallel’
‘relation to each other by means of an annular spacer 43
between each disk 22 in the drive. :‘The hub is adjacent
to a spin motor generally shown at 44. The spin motor’
is comprised of a magnetic rotor 46 and stationarily

35 mounted stator windings 48. The hub 42 is affixed to




is under st ood, however, that the present. i:-nvention nmay utilize one or nore
di sks 22.WO9s@a418ral , disks 22 fit~30  over’ a hub 42, an ggﬁmat ed
and held in parallel relation to each other by neans of an ann spacer
43 between each disk 22 in the drive. The hub is adjacent to a Spl n not or
general ly shown at 44. The spin notor is conprised of a magnetic rotor 46
and stationarily 35 m)unt ed stator wi ndings 48. The hub 42 is affixed
to WD 95/ 23410 PCT/ US95/ 02402 - 9-

the rotor 46, wth the hub 42 and rotor 46 “bot h rotatably supported on
beari ngs 49akart£he.49li'dt(bxa| hew rﬁieﬁlt Q-{hé’f hhfm)e hgb a’&ﬁ? r:r.QStEHr a%sacghegﬁlt ar
unit. As is kng n.the art ati.on of an ectrica

t hrough wi ndi ng® %fo EHBQ@rF OB fearings rg%%t and iﬁ?sb r'e® a1 hgWdi sks
22. It is undermmh.em & théhhubt aadsxoterofast fwsm@maﬂmﬁi\ﬁt \l;Aél O]chS
ot her structur g st t for ScC[ aboye for
supporting and rota I'n t#? c#ﬁ{ 3%5 é‘gﬁugéﬁys{} gﬁl EF

speci fi ¢ Pegar Funranie "ehlsmlgil anndingsobé wilkicause the, rohercl&am:m s
formed of separﬁ&ﬁ@n@h@%&&a gfslams %2 an§t5§s ﬁﬁaegstc@@' ¥o p8 seen

in Figs. 6a and 6 _the i nner r|n Q is, preferably_ forne
stainless stedit the cSﬁ‘BQPa e that deyeptionnghateraziaus h@%hﬁﬁner_

and outer di amytnsctfrds 5anciss m&ﬁﬁxtégheﬁorrﬁm@ﬂ?t‘!ﬁdu{r%ﬁg i
ol udi ng the SRASTTRTSARVT <FBr cPUPRBFY LA AP Fotatyly tHRALERS. and”
the thidRness22ofas tile knowrerinitheirder enti al portion of the ring is about

0.08 inches. "The inngteand,Qul £1cCGhEGAPd § & Ufla Ry rch.gﬂ'lf) 40 shown in

Figs. 3 - 5, the clamp is formed o'f"s'eparate inner and

outer rings, 50 and 52, respectively. As seen in Figs.

6éa and 6b, the inner ring 50 is preferably formed of

15  stainless steel or a comparable material, and

preferably has inner and outer diameters of 0.59 inches

and 0.92 inches, respectively. The thickness of the

inner ring in an outer circumferential portion of the

ring including the screw holes 54 is preferably about

20 0.04 inches, and the thickness of the inner

circumferential portion of the ring is about 0.08

inches. The inner and outer circumferential portions

of the inner ring may be separated by a chamfered

section 56 to increase the structural rigidity of the

25 inner ring 50. The above dimensions, and those set

forth hereinafter, are for clamps used in 3% inch form

factor disk drives. It is understood that these

dimensions will vary in disks drives of other sgizes. _

The inner diameter of the inner ring 50 is

30 preferably threaded so as to mate with threads provided

on the outer diameter of the hub 42, thus allowing the

inner ring 50 to be securely affixed to the hub 42 when

screwed thereon. The inner ring 50 further includes a

plurality of screw holes 54. In a preferred embodiment

35 of the invention, there are twelve such holes 54, but



of the inner ring my be separated by a chanfered section 56 to increase

the structural rigidity of the 25 I nner ring 50. The above di nensi ons,
and thoseveesnisaeth hereinafter, are for clanps used in 3[ acuso’pbyehor m
factor disk drives. It is understood that these dinmensions will vary in

di sks drives of other sizes. The inner dianmeter of the inner ring 50 is 30
preferably threaded so as to mate with threads prOV|ded on the outer

di aneter of the hub 42, thus allowing the inner ring 50 to be securely
affixed to the hub 42 mhen screwed thereojy The inner ring 50 further
includes a plurality of screw holes 54. In a preferred enmbodi ment 35 of

the invention, ¢HReee fl B&Ieh&esw i'@é@sséﬂ'ewblh‘oles Vﬂx%i@éﬂﬁﬁtlve

PCT/U895/02402 - 10 - ere may_ be nore or crew hol es E alternative
embodi nent s. _mbmélmﬁaﬁ%ﬂ of Thehe CEBLEY h8|es r eSErEY dBRLEPer BF S0l y
about 0.378 i nghevildednprefaxsmbly qoout Of37deinches fiog. theAsentélk be

explained in 5 g&r ea%er deg';]a elzovi;lv%e?grh_?cw\i/lh%g %@cqlsalﬁfagﬁd to:

receive a set SO *scI'e her ~Serve e~ out er
ring 52. ¥he ogreauernge&alﬂrkﬁdmmblFah&ssgrgubhpéetﬁéll; tzreaébdpbd

configuration gs.af Bethgc oTe} gPd ?ﬁ@éﬁ QQF §fé&h°€ e¥h8¥SgalvE!

7a and 7b. Th&ring era ornmed o um num Or conpar abl e
mat eri al, and ppeﬂ@ﬁdbFPQuﬂﬁﬁﬁﬂmﬁl%ﬁmﬁ%uter di aneters of about 0.67

inches and 1.20 ifigBegutetesiag! '%e?teferaﬂl%r triaézkéleg&%ahheawyer
ring 52 is preferably about |

52 | ud
di sk- cont acti ng seﬂ%%@oégr%%%’rﬁ%&?nc %’é‘?:t:f% e%? tél\ﬂdaﬁﬁligéﬁﬁﬁgs
section 64 exteeduﬂ@ndnlﬂﬁéwsbetWGHQS£Hmhcandeath)The ring 52 is

“preferably formed of aluminum or comparable material,

and preferably has 1nner and outer diameters of about

0.67 _1nches and 1.20 inches, - respectlvely  The
th:.ckness of the outer rlng 52 1: preferably about .

15 0.035 1nches._ The r1ng 52 1nc1udes disk-contacting
sectlon 60, screw-contactlng sectlon 62 and dlagonal
section 64 extendlng obtusely between, and connecting,
sectlons 60 and 62. _ _
As seen in Figs. 3 and 5, the hub 42 is formed.

20,' with a well portlon 66, in whlch resides the inner ring
50 and the screw- contacting section 62 of the outer

ring 52 The dlagonal sectlon 64 extends up and out of

the well portlon 66, and positions disk contacting
sectlon 60 to_ contact an upper dlsk 22 in a

«5 substantlally 01rcular line of contact..

~In operatlon, set screws 58 are prov1ded through
_threaded holes 54 in the securely mounted inner ring

50. In a preferred embodiment, there may be six set
screws 58, w1th s1x screw holes 54 left open for

0 balanc1ng There may be more or less than six screws
58 in alternatlve embodiments. When inserted through

holes 54 the screws 58 contact and exert a pressure on
the screw- contactlng section 62, thereby loading the
outer ring 52. By tlghtenlng each set screw 58 around

5 the clamp 40 the same amount, a substantially uniform



sections 60 and 62. As seen in Figs. 3 and 5, the hub 42 is fornmed 20

with a me%g 9 Egn 66, in which resides'the inner ring 50 and the

screw- cont 2 % ection 62 of the outer ring 52. The di aga'ﬁ'é'fusgm?)n 64
extends up and out of the well portion 66, and positions disk contacting
section 60 to contact an. :upper disk 22 in .a-25 substantial ly
circular line of contact. In operation, set screws 58 are provided through

threaded holes 54 in the securely nounted inner ring. 50. In a preferred
enbodi ment, there may be six set screms 581wt h six screw holes 54 |eft

open for 30 Ther e or.]less th n_six.screws 58 in
al ternative enboh?ﬁé bﬁh&ﬁ%ﬁEgé ra#ﬁ hBYegu 8T CHDY9s Olevi® 58
contact and exerSuhspaasianeyomiﬂuuhmreManenbﬁncaqpanmtbenwéantduﬂemy
| oadi ng the oute 5 h r .

clanp 40 the sane glhhountgn% @%S\k%% arlﬁ]&?aél;f orslriqnhssq'-o%i% %h%qu t

A disk clanp forthDUEVBgtaslﬁszgeon§a§@§ﬂagﬁﬂmﬂmﬁuﬁMQﬂnﬁiL;lnsﬂoﬁjmhwe
conprising: ga f'&iéké“?é' ar ATeEIR: | nﬁf% eéﬂea{)i:éééﬂt: Qn%eﬁ'é'?.oﬁf fsh%

drive, said first annu nmenber in ur al i of threaded ho es
one threaded hol Bhgf oykex ging 52 jsyd, EP%@@(ﬂlﬁkﬁ%Fth¢Ehﬁgdaﬁ8Ié§ﬁﬁﬁ|ng

Wi th threads forngﬂesnpaowaédOﬂhefesﬁl d nslbsﬁaatédlemtuhéesam@mﬁ{d o€ said
first annul ar ne er o hub second. annul ar. menber (iﬁtrtc W th

said first annul 9Fﬁé°§’ce ¢ APTOYERHON aﬂﬁ ShetP1 %
hol es theret hroughampang frirsd alsnué.arsugnﬂ:ﬁarcamtersongce cofplessihiezddr ce

on said Seand aQQHLQEeEEHBGEheSSEQkSeCEBﬂventlonal clamping rings are
structurally weaker at, and radially outward from, the
holes in the clamp. This structural weakness results
in an uneven force being exerted on the disks. The
lack of holes in the loaded outer ring of the present

15 invention allows the outer ring to exert a
substantially uniform load on the disks 22. Thus the
disks 22 may be securely clamped with the disk drive 20
substantially without the distortion seen in disks of
‘conventional disk drives. _

20 Although the invention has been described in
detail herein, it should be understood that the
invention is not limited to the embodiments herein
disclosed. For example, it is understood that the
specific size limitations recited with respect to the

25 various dimensions of the clamp 40 may be varied and
still'be_within the scope of the invention. Various
other changes, substitutions and modifications may be
made to the present invention by those skilled in the
art without departing from the spirit or scope of the

30 invention as described and defined by the appended

claims.




annul ar

uniformy transmtting said force
| east on@olisplsqdei t hi n the di sk 20
provi ded through at.

nmenber

contacting an upper ﬂmim Embﬂﬁligﬂ east one di sk and

a plur fgi%m /%ﬁ&{

| east some of sald plurality of threade an

contacting a top surface of said second annul ar nenber, said pluralit
screws exerting a |load on said second annul ar nenber, sald 25
menber uniformy transmtting said l.oad to the at |east one d

annul ar

secure the at

| east one disk within the dhsk drive. 2. A disk clanmp a

one disk to secure the at

ews
d

y of
second -
isk to
S

recited in claiml1, wherein said first 3 annul ar nmenber is conprised

of stainless s{e@lajm: -13- 5 3. A disk clanp as recited in claim
wherein said secon%
clanp as recited in claim1, wherein said second annul ar nenber has a

substantially 12" -

contacting a f
contacting sai

annul ar nenber is conprised of ‘al uninum 4. A d

- asshapskl ¢0amp forcweturingoar daiaktpl ohel igtorelges

1,
i sk

Crews

4 R e e o BB GxF O epBd GRS 20y 2R a section |

ext endi ng obtusel y between fizst eomudeani mgmbexi deicurslyad Somshtsect i ons.

15 5.

to

10

20

2k

30

dISk cla

2.

"’%og}r?\?gl&feq:%%r’aj%v@erel n said plurality of

SCr ews COI'TpI’ISGS SI

PCT/ US95/ 02402 -. 13 - nma@ ﬁgmapwéaasmsbﬁé‘dcence%riﬂ &t sadidd hub

first annular member, ‘said first annular ‘member
exerting a compre831ve force on said second
annular member, said second annular member

'contacting an upper disk of the at least one disk
‘and uniformly transmitting said force to the at

least one disk to secure the at least one disk
within the disk drive.x

A disk clamp as rec1ted in clainl 1, further

comprising: -

3.

a plurality of threaded holes in said first
annular member; and

a plurality of screws provided through at
least some of said.plurality of threaded.holes and

'contacting said second annular member, said
plurality of screws exerting a load on said second
annular member, said second annular member

uniformly transmitting said load to the at least
one disk to secure the at least one disk w1thin

‘the disk drive.

A disk clamp as recited in claim 1, wherein said'

first annular member is securely affixed to a hub
within the disk drive.

4.

A disk clamp as recited in claim 3, wherein said

first annular member includes threads on an inner
diameter of said first annular member, said threads

THIS SHEET HAS BEEN
" "REPLACED




thereby securely affix said first ann i d hub. 5. A di sk
clanp as recited in claim1, V\/nerel n Blﬂm Imﬁmﬂnnul ar menber is
conpr i sedWR9¥3dIh| ess st eel . as recited PATAISSS/R402

wher ei n .sai d second annul ar rrerrber |s corrprl sed of alum num 7. A di sk
clamp as recited in claim2, wherein said second afhnul ar nenber has a
substantially "Z"-shaped 10 construction, said plurality of screws

contacting a first section of said nenber, a second section of said nmenber
contacting said upper disk of the at | eastldne disk, and a third section
ext endi ng obtusely between, and connecting, said first and second sections.
15 8. A di smaa:imrpﬂaehrehreedm fiormednon, avhertiamseofdsphidr hlbt foof

SCrews conpri Sestk?éﬁ‘%ﬁ}ﬁ) s%& Berid diaslg of prg f ?hnﬁﬁ.&'i-r ldi?“ﬁé rrlagger

one storage disk wt rive, conprising: a first annular
securel y af fi xedsad g portion of the disk drive, said first
annul ar nenber having a pIurallty of threaded hol es therethrough a second

annul ar nenber concentrig with said first, anpul ar

annul ar menber 2§ n dlsw‘o g lq%é@lsjtn cgE?“Pli)h ‘83%3?’8 §8&9nd
annul ar nerger, ﬁtrsmtannuiarLménbencdasot:omprdsedcorﬁds&alinllassrmtieei .bei ng
in contact with an upper storage disk of the at |east one storage disk; and

30 a plurality of screws provided through at - 14 - | east
sone of said pl Falitp diskhrdagmd aizecitedaln ¢latm hnnwherepnnsaid

said plurality idecond annular member is comprised of aluminum.

7. A disk clamp as recited in claim 2, wherein said
second annular member has a substantially "Z"-shaped

10 construction, said plurality of screws contacting a
first section of said member, a second section of said
member contacting said upper disk of the at least one
disk, and a third section extending obtusely between,
and connecting, said first and second sections.

15 8. A disk clamp as recited in claim 2, wherein said
plurality of screws comprises six (6) screws.

9. A disk clamp for securing at least one storage
disk within a disk drive, comprising:
a first annular member securely affixed to a

20 portion of the disk drive, said first annular
member having a plurality of threaded holes
therethrough;

a second annular member concentric with said
first annular member, said first annular member
25 ~overlapping at least a portion of said second
annular member, an outer circumference of said
second annular member being in contact with an
upper storage disk of the at least one storage
disk; and _ |
30 _ a plurality of screws provided through at

[THiis SHEET HAS BEEN | e
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screws exerting a load on said sec ar nmenber, said second annul ar
d load to the at | east one disk

menber uniformy 5 e|| ﬂﬁlﬂn\ %
t o secur'¥098@34p | east on di sk drive. 10.PCVUSHS®R402] anp as
recited in claim9, wherein.said T rst annul ar nenber includes threads on

an inner 10 dianeter of said first annular nmenber, said threads mating
with threads formed on said portion of the disk drive to thereby securely
affix said first annul ar menber to the disk drive. 11. A disk clanp as
recited in claim9, wherein said 15 -f i¥4st- annul ar nenber is conprised

of stainless steel. 12. A disk clanp as recited rn claim9, wherein said
second annul ar nenbeleastoampelcsécﬁa)id@lnﬂ'mlmtylgf ﬂhmmedllanbeas:mem ted

in claim9, wherein g ggxgﬂ ”}%Eﬁﬁre as u y
"Z"-shaped 20 constructlon sai ura Ity ozhf' sgfaé\?sbéjdﬁ?%%ﬁkkg %ffl rst
section of said rrentﬁq!re‘ﬁss@é@ﬂ%t?o Fasd sand sadthePecoRba AR 3 d

upper disk of the atmémiset, O@amsl@e@c&@ha érﬁhﬂhﬁe%ézﬁ‘eﬁxhﬁﬂﬁ tusely
bet ween, and connectin sal d, first Cc di sk
clanp as Pecited in ¥fadf mr%ﬁﬁgﬁ# Pg‘? gf—‘a@&r ene %bﬂ’ﬁrtr%es si X
(6) screws. 15.. A obédnmhsnme catprliessty: oaéor@:gmknmnfmrthéordmdata

t ransduci ng rreans foc{ ‘;gnsf erring said data . WD 95/23410.

PCT/ US95/ 02402 - Y0 and from said st orage means support nmeans on
whi ch said storage means | s supported; and

10. - A disk clamp as recited in claim 9, wherein said
first annular member includes threads on an inner q

10 diameter of said first annular member, said threads
mating with threads formed on said portion of the disk
drive to thereby securely affix said first annular
member to the disk drive.

11. A disk clamp as recited in claim 9, wherein said
15 first annular member is comprised of stainless steel.

12. A disk clamp as recited in claim 9, wherein said
second annular member is comprised of aluminum.

13. A disk clamp as recited in claim 9, wherein said
second annular member has a substantially "Z"-shaped

2) construction, said plurality of screws contacting a
-first section of said member, a second section of said
member contacting said upper disk of the at least 'on_e
disk, and a third section extending obtusely between,
and connecting, said first and second sections.

25 - 14. A disk clamp as recited in cladim ‘9, wherein said
plurality of screws comprises six (6) screws.

15. A disk drive, comprising:
storage means for storing data;. _
transducing means for transferring said data

G SHEET HAS BEEN
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a di sk clanp for securing said storag with respect to said
support neans, said disk cl arrp causi nalmml mallla"mul“l) di stortion of said
st orage ne%[ﬂs?SlZaﬂ@ sai.d di sk_clanp inclwudicngt a*fig st* annul RCTMAESHSHL402
securely affixed to a portlon ‘'of said support nmeans, said 10

first annul ar menber having a plurality of threaded hol es therethrough; a
second annul ar nmenber concentric with said first annular nenber, said first
annul ar nenber overl apping at |east a 15 portion of said
second annul ar nmenber, an outer circunferenge -of said second annul ar nmenber
being in contact with said storage neans; a plurality of screws provided

t hrough 20 to adnd efipdbmssardosSteaadepmeanbi;ty of threaded hol es
in said first annul ar nenbe BURY on
sai d second annul ar nenber, é%%ﬁ%*ge@%%ga%% 1'&)Lﬂzf(\Elrrﬁe)'ivéf &&%‘#g%&ﬁga‘%
transmtting said IoaoBlme%ted' and said storage neans to secure

'said storage means W th respegigk cfany SRR dur B Said storage means
5 with respect to said support means, said disk
clamp causing substantially no distortion of said

storage means, and said disk clamp including:

a first annular member securely affixed

to a portion of said support means, said

10 first annular member having a plurality of
threaded holes therethrough;

a second annular member concentric with

said first annular member, said first

annular member overlapping at least a

15 - portion of said second annular member, an

outer circumference of said second annular

member being in contact with said storage

means; -
a plurality of screws provided through
20 at least some of said plurality of threaded

holes in said first annular member, said.
plurality of screws exertirig a load on said
second annular member, said second annular
member uniformly transmitting said load to
25 said storage means to secure said storage
means with respect to said ‘Support means.




