; e3evdRN6" Tvhu 01 SPRI NG BEAM FOR DI SC DRI VES AND METHOD OF MAKI NG SPRI NG
BEAM FOR DI SC DRI VES FI ELD OF THE | NVENTI ON 5 The present invention rel ates
generally to disk drives and in particular to spring beans for use in disc
access systens. BACKGROUND 10 Hard disc drives (HDD) are widely used in
conputers for storae of eI ectronlc data A hard disc drive has a rragnetlc

di sc rot ati ngSBRING BEAM EQR.DISCBR ANDMETHOD,OF (MAKING SR t he
order of several thousand revol utlg@sR ggc brivEs (RPM. The speed of
rotati on depends on the density of "data recording or the nunber of 15
tracks per inch (TPlI) of the magnetic disc. A hard disc drive includes a
magnet i ¢ di S OFerHE INVENRSIN f ree encl osure. An access head for
accessing data fromthe magnetic disc is placed at the tip of an actuator
arm assen%ly, conprising an actuator armand a spring beamattached to 20
the end of thgegGbsth HveRlion rdl B@s%%?ttoo&sks@ﬁ%saﬁrwﬁ ?ém@ﬁlﬁ‘ﬁtd §p,l,r|,d1ear
whi | st others have rotary novenent |1 near type, the actuator "arm
and t he headPg#ve forjusedn figc ae7ass Systemsdi us of the nmagnetic disc. In the
rotary type, the actuator armand the head nove in an arc of a circle
across the disc. 25 A conventional rotary-type hard disc drive 10 is

i1 lustrated M%%EPQNP A magnetic disc 3 is supported and driven by a
not or spimdl e 15. The magnetic disc 3 has concentric tracks extending from
an outer radius to an inpner radius of the disc 3. Data is stored in these
tracks as mafiet figc dayeatHINare midelyueed iorcomayiarn feriiorage Aelpetranizgats. | s
accessed by ﬂnhéiﬁctﬁ&sdh%aﬂasga%a@){btlb%lé@%tﬁg Q%Q’{Vsbé@dst laRd Yhe 3Ped §Pr' ng

beam 7. The actuator arm assenbly has a sol metal actuator arm 5, which
terni nat es WIRIoR Spisually Belis orderralesavsral Hpousanshrevaliogs mer ainyte ARPM¢
pl ate renovalhy sébé@‘éh%taﬁd?t Bé't%nﬁg%noﬁtetdé’ﬁsﬁéﬂéétﬁrreé’dthé or-EB{é"nﬁﬁﬂbEb’ of a

smglelaeredsrln beam has a thi ckness of O. One end of
act uat or 1 rnfréé’ése?ﬂﬁl"lﬁhl(gpﬁl‘X‘;HWPQ”%@mCed on an act uator 1 through a hol e
13, such that the actuator arm

A hard disc drive includes a magnetic dtsc mounted in a dust-free enclosure. An
access head for accessing data from the magnetic disc is placed at the tip of an
actuator arm assembly, comprising an actuator arm and a spring beam attached to
20 the end of the actuator arm. The movement of some actuator arms is linear, whilst
others have rotary movement. In the linear type, the actuator arm and the head
move linearly across a radius of the magnetic disc. In the rotary type, the actuator

arm and the head move in an arc of a circle across the disc.

25 A conventional rotary-type hard disc drive 10 is illustrated in Figure 1. A magnetic
disc 3 is supported and driven by a motor spindle 15. The-magnetic disc 3 has
concentric tracks extending from an outer radius to an inner radius of the disc 3.
Data is stored in these tracks as magnetic variations. The data stored in the
magnetic disc 3 is accessed by an access head 9 which is mounted below the tip of

30 a spring beam 7. The actuator arm assembly has a solid metal actuator arm 5,
which terminates with a spring beam 7. The spring beam 7 is generally a flat plate
removably attached to the end of the actuator arm 5. Typically, a single layered
spring beam has a thickness of 0.07 mm. One end of the actuator arm assembly is

pivotally mounted on an actuator 1 through a hole 13, such that the actuator arm



2 assenbly is cantilevered. The other end of the actuator arm assenbly
noves in an arc across the disc 3. A conventional single |ayered spring
beam 20 of a hard disc drive is illustrated in 5 Figures 2, 2a and 2b. One
end of the conventional single |ayered sgri ng beam 20 has an arm base 17
with a hole 21 at its centre for attaching the spring beamto the actuator
arm 5. The ofREMKip @anw%regpifhﬁ@th%&ﬁﬂwgﬁﬂeaawmha@raﬁemblx meMes ifeamni dt h
of the arm b@ﬁgac}gsstﬁg%@@gjer end of the spring beamis attached to the arm
base 17 by two narrow webs 18, one by each edge. The narrower end of spring
beamis 10 tapered, having an angled region 24 and a tab 26. Between the
two ends, the W%%rﬁ?@iﬁb@%y&é@%ﬁg bBERESD éPa hEFlfd%@rdnUS .sbmag}a%gd s

several apertures 11, 19 through eam 20, al ong reduci ng
the wei gh? a$ianEes 2042 £BY 2B0SNEiesdi Gighe Isanvapiionsy sméﬁﬂaymdaﬁp@eg@eﬁ@a@ 9is

attached bel gy Tah%n‘ﬁ%‘sé el$twuﬁap.§ﬁ6ib”2@ ok fislcapRd &f a&éaﬁh@meespfnﬁg fblasantta%e?ﬁ 15

The nmenory capacity of a hard disc drive depends on factors Such
physi cal si z@ckptorgEmeadheether and ef theyspeng pegra fas giwidibsmallagthan lﬂ?ﬁ)‘é&dtfbf

tracks per ipfthe SREBELEO(7. r‘I‘the%Bél”eerofttHSsghﬁgfbgérh‘(@attédh%@ @Mk bPBagf the
access head etc. |nprovenents have been nmade to I ncrease the storage

capacity of H&DY tapdarawiwebs 19, mepdysasy adae. The Barpawestendins spaRgibeRs ds dri ve

beyond cegt a'tébelréd“hb\?mg%n'a'ﬁ@feﬁ%@@é"% ahacar@s%snﬁe&)aen wmren% thé%ﬁ per
inch or the denS|ty of data recording o disc is a preferred way

i ncrease t he PREMOIEP 1@RBG £J9esHEhe VEF, SPF'ﬁ@rbéagi Ay hep seyrigbaneryres ﬂbd& per
inch or the @ﬁaégsﬁ )(héJfbeQﬁht Qor%ﬁgoﬁw@er@m ?&ere‘élhélﬁgltﬁ@%eléﬁ’t a8 IR L for

COpr| i cati ons First Y,. I ncreasi ng he nunber of trac per 1 nc t he
density of d&psitioning thg ﬁar"aﬂ bep- d‘i%écqeéamqaésgtlﬁ@ﬁa@feeéiséelﬁwatﬂ'egsm@leﬁb

posi tioned chps@iret10 kgct@q‘edwgfg;@iﬁ{dt@tdihgqa@% as to mnimse the air-gap
bet ween t he access head and the disc 3 during data access. |f vibrations

such as & f-track vi bratlons (e.g. vibrations at starting and parKking

i nstants) ar iThe mdndr) @apatity ¥ aRAI¢e dAtk déﬁ@nﬁ@ ohsfa&oﬂaé‘ugﬁrasoé gfsféﬁl digd ating
disc 30 3 conming into contact with the access 9. I'n such an I nstance,

the access h@fi@‘edﬁﬁﬂl’l?t'ﬂé’ﬂﬁ&g@pﬁr% "!ﬂgé‘@t'(iaﬁ‘éﬁtﬁ@n%@"'t’?f@fdw&s pefyingly Geaed of

i rrecover abl eotaticdr tHé Brsafdh%l Ssize B §YEBr fﬁ@%@é‘sst H‘é’adaéi@ eﬁﬁpraﬁ'éﬁ'erﬁs wWaeh, in
turn, could render the d disc drive unusabl e, 3 Secondly, as the

spring beam Peernmadsg t%wmssﬁ*wstow @radly afhahdise dgvess, Ingrrasing thersjze
novenent 20f bhetiap d%c@rlv@'bg%nm% ﬁfﬂi@s Fshn%pfééﬁbél' Iﬁ@yﬁ%eq;un{b@?oﬁp“ ng

beam 7, 20 creates air turbul ence around di sc, which hinders data
access causi HgCIS per ingle jor dhe gemsityofgata d@@rd'ﬂ%@fém dis§ lﬁ@aﬂﬁeﬂerrego:vamo be

subj ect ed t ojRpsidicMEe ABrhonPESTRAAIHIWREAINPESSIng the number of tracks per inch or
the density of data recording of the disc leads to several complications.

25  Firstly, increasing the number of tracks per inch or the density of data recording of
the disc requires the access head 9 to be positioned closer to the magnetic disc so
as to minimise the air-gap between the access head 9 and the disc 3 during data
access. If vibrations such as off-track vibrations (e.g. vibrations at starting and
parking instants) arise in the spring beam 7, 20, there is a danger of the rotating disc

30 3 coming into contact with the access head 9. In such an instance, the access head
could damage the disc and hence the data may become irrecoverable. Such
vibrations, may even damage the access head 9 which, in turn, could render the

hard disc drive unusable.



if its natural frequencies are exerted. In such occasions, the spring beam
7, 20 may be subjected to bending or twisting along the axis of the spring
beam During such an instance, the access head 9 could be dislocated, which
causes off-track errors. 10 Bending and t®rsional vibrations of the spring
beam 7, 20 are dependent on factors such as, in-plane stiffness and out

of - pl ane spr iSeGORAY.@S U Sping kenme 75 s Refsitioned peaossr teihe Hisc 3aﬂ@ rotary
particular, tidekichfofthé s M%.éwsaeeeé ahd Wrelal mot/eﬁq@ﬁf& LS By di ng
bendi ng and torsion nodes e spri eam d have |ncr eased
stiffness. |t/ ?Qcm@éﬁﬁrﬁ'iwrw@caﬁrownﬁg@etdw hlcbﬂwer%@atafaﬁe@e @usingdifspri ng
beamis prop@,ragkgﬂg,ls_to the third root of the thickness of the spring beam
| deal Iy, a spring beam shoul d have high in-plane stiffness wthout

increasi ng the out-of-plane spring rate. However, there are limtations on
i ncreasing t kb ﬂab@,gﬁeg eéamezewzaf& DRABIePRASdAthg 'éhd%&%ﬁahﬁb%b t of
the spring beam desi gn of the spring beam shoul d al so be a bal ance
bet ween its Wdisgigturalifteqyrydecare eaqeﬁe%sirbﬁ@h qeeAsionfs eysrsingfbeatich @pﬂ@hg
beans have bee@uefeeea&s@en&#ﬁg b?ﬂwﬁ@taén&me%&s theép?.-?glbaéﬁ RpHEduey 24
March 1998 to LI oyd C descri bes a nonocoque spring beam having two

| ayers. A fi @8tinygnse, ﬁ*efy@weﬁ% hpad Proulhbe sisfﬁcatedawh@hmaga%o@ﬁrépk eHaRsi ng
two si deqpal |B%ndﬂ§6%n§'t6’r§loW§I| \Jv|l§raﬁéﬁéeoffthé‘@?ﬁ§g békth 7eg,g@ SRddéiabhtish ARldry - A
second planar |ayer extends between the flanges of the first beamlayer to
f orm a nonoc §YeaS tieplane ghifness asﬂaub@f-meewregmte 5,734,526 issued on 31
March 1998 to John B. Synons 30 and 5, 894, 655 issued on 20 April 1999 to
John B. Synons describe a npnocoque spring beam produced by two overl appi ng
| ami nae havi 1§ Y8819 $PreH poherbsye PiieMe mNdHAERiFUEE Fadking eryrs deel it at es

Patent No. 5yRfkioRS%t bﬁ%@l@' rr%eé%dl@mgaﬁéhd%&erﬁmaa@h Ghe rﬁﬁ;' ianp

descrlbes two | ayers of the sp rln(%f beam t hat are nounted i nterleavingly on
&

a singl e1® 47y 2¢plpuld hava ipereased sliforss ds kaown indhe aedeaidherisplanstitiness t o a

first beam | 3y eHe BEMigCEdam n&b%h.oaal RPRELHING rédt dhRe SRERREs REaMR 'SEM
whi | st a second access head second beam | ayer projects through an

aperture of PREMf iidedlly) H5Ring bﬁmshq%hwer kigh i-plase stiffiegs witheutdacreasing t op
side of the gg %{L@rtpsafﬂénsaﬁ.ggeesées PoWedkr, BRbRWared lilihtdhst &% .ﬁ&&&éwg 5 €SS

head nounted on a bottom si he actuator arm accesses a di sk above.
Uni ted St at edhipgnessof {g. spsing Agamy beprdng j@dnivd the weight b e snsingherrs The

Heeran eppal de&igk bf me%pﬁn§ BE4M gn@@araéaaae é‘BalﬁﬁcéiBétﬁrB@?‘? & w%thPﬁﬁdeﬁysfc%T

i ni ni si ng 10 m sal i gnen between a flexure nount 1 ng "h
spring beam frwswﬁi pny Sgrigns pf $46d S&HB@BE?J’F{SB?V%P%GWQMS have h| gh
in-plane stiffness, disadvantageously |eading to high out-of-plane spring

rate. Accordingl there is a need for a sp rln% beam wi th hi gh in-pl ane
stiffness Wi Hqgeﬁ/Sta,tﬁg;r%%{gntr@ot 15/ 3981 gesued on 24 March 1998 to Lioyd C. Goss

describes a monocogue spring beam having two layers. A first beam layer is in the

25 form of an elongate shell having two side walls. The side walls have flanges that
extend longitudinally. A second planar layer extends between the flanges of the first
beam layer to form a monocoque shell.

United States Patents No. 5,734,526 issued on 31 March 1998 to John B. Symons

30 and 5,894,655 issued on 20 April 1999 to John B. Symons describe a monocoque
spring beam produced by two overlapping laminae having mutually opposed
surfaces and having cavities.

United States Patent No. 5,381,289 issued on 10 January 1995 to Richard G. Fiedler
35  describes two layers of the spring beam that are mounted interleavingly on a single



15 plane spring rate. SUMVARY In accordance with a first aspect of the

I nvention, there is provided an el ongate 20 spring beamfor an actuator arm
of a disc access system conprising: a first el ongate beam nenber; a second
el ongat e beam nenber, said first beam nenper being di sposed opposite said
second beam nenber, said beam nmenbers being longitudinally aligned in a
spaced- apart figid actugier asmdsupbathet Bolirsk apespthasd mabnfeditpsa fissiddesst daver beam

menbers ext enjgds AFbUGPH apRTE eﬁthta%%mpﬁ Idfjet Wil 2AoAPaRREL Adadeam

nmenbers and across the wd e sprin eam | n accordance Wt
second aspectof afsepprd beare l’ﬁYPbﬁFOJQCFﬁeﬁh@HQQ %'r@ﬁ’fel@ﬁfathﬁﬁtsh ryenfThaskhedrshn

el ongat e sSprifgeddeRdhd Fhﬁuﬁ‘?t@d Yl é‘%;? rs:d%réf‘ Rk t@dtércarﬂﬁ%&%%séé/ LA below,

conpri si ng the steps of: providing a first el ongat eam nenber; providing
a 30 secoAd éﬂ’ftﬂﬁgtéﬁes%@ﬁﬁ*n&%ﬂ%ehea%én@nﬁdr 8p Ebé’é?ﬁpfﬂ?eﬁﬁ%rﬁﬁée rﬂg?tltﬁt@p@@@d

opposi te sai ¢s660809 Jgap.penber, said beam nenbers being | ongitudinally
aligned in a spaced-apart relation; and connecting a neans for supporting
said first and second beam nenbers extendi ng bet ween opposi ng faces of said

first and seqepdg n 35
5 BRI EF DESCRI PTI %%%@?BEA%%%M " B% ?’“ﬁgmn%é i ?ﬁorﬁggg geﬁgargt

i nvention ar & déessfiberede hereon&pamEr W'DQ ﬁ@f alignmeantt sirydiereadeo myainysing

drawi ngs qoi N NBhiAmeRtBNES éﬂéﬁjr@fbrmh@ﬁaaafé% Shriry Gpy.ent i onal  hard
disc system Figure 2a is a plan view of a Conventional “single |ayered

spring beam Figure 2b is a side view of the conventional spring beam of

Figure 2a; Fitgr&yigg deanp Mé%%%\f)‘?ioi’hﬁ%d&ﬁmteﬁ% &ﬁ)& Bk iPBhe RFth&g, beam

of F|gure 2a; Figuré 3a1s pl an vi ew of sprin eam i n accordance’ with
a first 10 emavaﬁémewrslytlﬁ@lm & Bigh Qlﬂr@éﬁlﬁﬂ@ﬁpﬂm leeAgordingly, Hietreisg ew of

the spring beagyqbr &i 'sSHﬁ& béﬁm \ﬁ'tl'nggﬁ iA%ldr Quﬁﬂ@@%ﬁéut‘fﬁ ﬁéé&?‘.\f? %e blHEorSP | NG

beam of Figure 3a; Figure i's a plan view of a spring beamTn accordance
with a sééond"%\ﬁﬁ@ﬂﬂ@r@i@ of the present invention;

SUMMARY

In accordance with a first aspect of the invention, there is provided an elongate
20 spring beam for an actuator arm of a disc access system, comprising: a first

elongate beam member; a second elongate beam member, said first beam member

being disposed opposite said second beam member, said beam members being

longitudinally aligned in a spaced-apart relation; and means for supporting said first

and second beam members extending between opposing faces of said first and
25  second beam members and across the width of the spring beam.

In accordance with a second aspect of the invention, there is provided a method of
making an elongate spring beam for an actuator arm of a disc access system,
comprising the steps of. providing a first elongate beam member; providing a

30 second elongate beam member, said first beam member being disposed opposite
said second beam member, said beam members being longitudinally aligned in a
spaced-apart relation; and connecting a means for supporting said first and second
beam members extending between opposing faces of said first and second beam
members and across the width of the spring beam.

35



15 Figure 4b is a side view of the spring beamof Figure 4a; Figure 4c is a
perspective view of the spring beamof Figure 4a; Figure 5a is a plan view
of a spring beamin accordance with a third enbodi ment of the present

i nvention; Figure 5b is a side view of the spring beam of Figure 5a; 20
Figure 5c is a perspective view of the spring beam of Figure 5a; Figure 6a
is a plan vi @B'EF SGRIPAION OFTHIR DEAW ce with a fourth enbodi nent of
the present invention; Figure 6b is a side view of the spring beam of
Figure 6a; Figure 6¢c is a perspective view of the spring beam of Figure 6a;,
25 Figure 7al‘3g -nifncambedinents of tay iNvantiarears dagor efainatenwithrederenee h

enbodi ment ofto{Héead%,%gmn%mﬁ,mggpiﬂ;mﬁ&gure 7b is a side view of the spring
beam of Figure 7a;_Figure 7c is a perspective view of spring beam of Figure

7a; Figur® 8a is &Iquptis dhexamrlaypiawmef dernyenierab by ¢lisecysi®Mth a sixth 30
enbodi ment of the FiRjFLﬁéQQﬁséﬁl‘éﬁr\He‘mP&ia En9bhfondPsihdle fayBtedSspting Welh; @ Spring
beam of Figure 8a;_ Figure 8c is a perspective view of a spring beam of

Fi gure 8a; Fi gur e Figire gbis a gige yiempfdhe eonygriiong! sring heanmuefddgwiardee with a

seventh embodi mentriqfre bR PpESEEtIVE NERMNTHY condentdr@ESing ek & ﬁélg@ oyl ew of
a spring beam of FEigure 9a; 6 Figure 9c is a perspective view of a spring

beam of Fi gure 9aFigureguideisi@aPrlrs ew eHefpiriing Reasy infacgardapce ity aafingt

i ncl udi ngoa spri ngritRAMdN oAHEJERRERVIALR, t he sixth enbodi ment; Figure 10b
is an enlarged view of the spring beamof Figure 10a. 5 Figure 11 is a

graph showi ng t he Figse B & dride xiswr efimersingdreapgfifigwiaéaand phase response
of a conventi onal Iflddf'élb@is'@fl@réﬁ&tﬁ@%e%flﬂ?@ﬁring%aﬁf S¥igurd3al S @ graph
showi ng the results of experinents, of anplitude and phase response of a
doubl e | ayered spfigWe Yaaifha PENDEIW of EDsprsICReany) ipneccordance with a second

embodiment of the present invention;
15 Figure 4b is a side view of the spring beam of Figure 4a;
Figure 4c is a perspective view of the spring beam of Figure 4a;
Figure 5a is a plan view of a spring beam in accordance with a third
embodiment of the present invention;
Figure 5b is a side view of the spring beam of Figure 5a;
20 Figure 5c is a perspective view of the spring beam of Figure 53;
Figure 6a is a plan view of a spring beam in accordance with a fourth
embodiment of the present invention;
Figure 6b is a side view of the spring beam of Figure 6a;
Figure 6¢ is a perspective view of the spring beam of Figure 6a;
25 Figure 7a is a plan view of a spring beam in accordance with a fifth
embodiment of the present invention;
Figure 7b is a side view of the spring beam of Figure 7a;
Figure 7¢ is a perspective view of spring beam of Figure 7a;
Figure 8a is a top view of a spring beam in accordance with a sixth
30 embodiment of the present invention;
Figure 8b is a side view of a spring beam of Figure 8a;
Figure 8¢ is a perspective view of a spring beam of Figure 8a;
Figure 9a is a top view of a spring beam in accordance with a seventh
embodiment of the present invention;
35 Figure 9b is a side view of a spring beam of Figure 9a;



Figures 3a, 3b and 3c illustrate an el ongate spring beam 30 of a first
enbodi nent having two generally flat and parallel elongate beam nenbers, a
top beam nenber 25 and a bottom beam nenber 27. The two beam nenbers 25, 27
are identical and 15 each has a first endg 2 and a second end 4. The wi dth
of each beam nmenber at the first end 2 of the two beam nmenbers 25, 27 is
greater than the W@t 9%8fs 2peEredivevienrai@rspang bpemoEEigne €aid 4, with a
tapered region 37 Faahueen id AtefMiRary Wy B@é}%rﬁGatBlegﬂn?mcﬁuamBaass&mé

| i near taper and a second |linear taper. The first taper 1s steepér than the
second taper and &xeeqeadance yihihrsiKinembasiieent t o about ni dway 20 bet ween
the ends of the t\Rypeao RRIMGISgod ol 1id\br6oaR didRfike fid.cnds from this
m dway to_near the second end 4 Of th eam nmenbers. The second ends 4
of both beam nenb&igired 1 iva graeh shpwinadhe Resuits §F axperiegnisl of crriitidecanthd a
tab 38. An access ph§§éjre§ﬁoﬁs% ﬁ%tc%%OQQtohﬁll é@?erte@l%pl?ﬂgg Qéarﬁ%d25 second
beam nmenber 27. The two beam nenbers are spaced apart

support menber 29Flgqﬁet‘lﬁésmrﬁp%ﬁhawméhewsalﬂtéoé%@mnenjs bétam‘élﬁ‘udeh@d nner,
opposi ng surf aces phIfierIPORY df SBIBR layered SprigHeahi’e second ends 4 of the
two beam nenbers and extends 30 across the wdth of the spring beam from
one side to another side of the two beam nenbers 25, 27. The support nenber
29 extendg ogeoqees/opsdgPfidoNe two beam nenbers. The first ends 2 of the
two beam nenbers 25, 27 are nounted to opposite sides of 35 a nounting

bl ock 31. The first end 2 of the top beam nenber 25 extends froma top 7
surface of 1t ipgypEy84 ] Sakd QElﬂlug’l}ateVgHéléﬁgatté‘gﬂlr\dﬁéan?@@&fﬁrsi@ﬁb@ﬂﬁ{eﬂ beam
menmber 27 extends froma botftom surface e nountin ,

top and bot t 6aYBE W eereraly laiand perajelalonasibeam M%f@b?f%wﬁt teptieam HpMaad

bott om surf agganafy Edi‘f%ni'%ﬂﬂﬁ Hé%b'él’?ﬁkﬁ%]mo"_é@‘éﬁl %éﬁﬁérs%%?aie?déﬁt Pé]ﬁfj to

t he nmounting bl ock by two 5 narrow web 4, one by each ge of each
beam nenfier . exffehos éltffﬁ'é el Z3nd fbé%l‘?ﬁ"ﬁ@fr'ﬂé*r Jhgwldtg'pfg@ch hearp imeyebasidher are

I ess than therdtiedli® @find B BRI Hidhthdd 06 kzﬂéngAi@r e mel mtrb&p&i&h ef e

being 1 mm) is relatively thicker than the two beam nenmbers 25,

bei ng 0.03) &emhes adhe fgcerd gnd 'ﬂ1é~'ﬂ“h?dﬁl?fé§% r@ﬂiow& b@twe@rwtneoeméﬁas fzm | s,
in this enbofymet regld®Ssy hdtads rrshﬂ{eaPiaptepgnJ §%Ecc9'fd [ﬁéﬁptag@ta%wpgi@%oeé re
bei ng 0. 03 whi |l € the thickness of each beam nenb 4 mm
The nount i nmﬁeae'kt'@m the sgoans] fapes gnaextenrs &lom g Frgt andrdutatabeyt midwaya3
through phi chefR2n3Ré RS 9@@@@9 bbﬁm%érﬂﬁ@l%dwﬁﬂ%t% @@&Hé&&;serae&f@ndg Bm

nmounting block 31 is 15 usual made of al um ni um op beam nenber 25
and the bottHH?BWﬁyrF@rﬁ‘BéFthﬁﬁeéffnqw %Bfrthﬁ@f\’%b%ﬁﬁ‘mﬁﬂ@%ﬁertur es 36 | ocated
at appropriate locations along their lengths to reduce the overall weight
of the spri n%pbeam The apertures are of different shapes and di nensions.

The | argest dfetSgeonghepdsutt©f bpth brasn mespheals 26, £harg tapefede higying agfandird t wo
beam nenber s [has8ehridhe tARBE Ofh WRBSss3fead X8 & a@&n@e%ﬁdw % b 58 foﬁﬁ'fee”t
shapes and di nensions are positioned fromthe mddle portions to the second
ends 4 ofSt h&eeans hsaanmeBwBe?s 25, 27. The support nmenber 29 is orthogonal
to the nmounting block 31 and the el ongate axes of the two beam nenbers 25,
27. 25 Figures 4a, 4b and 4c illustrate the plan, side and persgectlve

views of a sdBBAMO BRMBANerRRrS 25e? hgrasrased AgeTbarin @ SUPRAY MEMPaB29.defhe cal
beam nenber s fgdy offd ﬂ%ug@ és&@ncﬂﬁg‘ﬁé@ele% tiﬁé %ea%p%&ﬂagﬁhscesThﬁh@%uﬁpon

di fference between the second diment 1s that the support

nmenber is a ABIMRSR %Qr jsaRgAl the S@Gmﬁm‘n%l‘lc‘l}f ih§ 'Za‘-@nbi%ﬂi’ﬂ éﬂlefb@?fﬁe%m’ exiendsnner
sur f aces3of écrb@@tﬂ%ﬂﬂmm@% pfig @égin arr&?@bﬁ@@?déqo Qﬁ@tﬂbf@ﬁ@%f th‘é%woﬂésm

angul ar formation of the edges at t he tip of triangul ar col um

i ni ni ses thé‘qmﬁ?&%?5o¥7 Jhle SUPBOIt Meamken w9 %‘Eﬂ"'@ﬁl%oﬂ A &PBURdYP deam
performance @fertdips spring beam 40. The two beam nenbers are generally the
same as in the first enbodinent, but with 35 a different arrangenent of
apertures and | acking the tapered second ends 4. The

The first ends 2 of the two beam members 25, 27 are mounted to opposite sides of
35 amounting block 31. The first end 2 of the top beam member 25 extends from a top



8 triangular colum has three flat rectangul ar sides 45, 47. Typically, the
| engt hs and breadths of the three sides are equal. In this enbodinent, the

triangle is equilateral, although it could alternatively be non-equil ateral
i sosceles triangle. The outer surface of ;a first one of the sides 45 of the

triangular colum 41 is flush with the 5 second ends 4 of the top beam
menber 41 andubiete ofthe awntingbleek 48 whilskthedirsttendf2 ¢frihe betignibeamohemher ot her
two sides 47 ﬁfexié?ﬁstfrrohﬁélgwt&ﬁ sGRALS thén%ﬁﬁﬁ@eél ct[khf’l Wltﬁ%l?e &Jﬁ%dogot%
colum and the nounting block, on the longitudinal axes o e two beam
nmenbers 25, 2@rfages eidbedwo theae msmbgrSadetsadwtfdthedov [aad hetemssugtaces of e
second end 4 d beam I The
apertures_36 '%Jngﬁ% aﬁ)l%ﬁygrentl :rﬁﬁ g%%ﬁ@%@d&ﬁt@%ﬁn%hﬁgl&ﬁmww
previ ous 2nb&@IrAYeDs34gapely sach s@gea@fcfea@b heammemh@reThﬁ@nqjhanf thgibgamand
per spective Vﬁ@ﬁﬁergbsazm&hélgrsp@mzBQreqéssat ”%Jﬂ tHewiGRA Hd RBhntn ﬁfb‘?‘o&@ﬂd
enbodi ment is very simlar to the second rrent except that th
nmounting block 31 is thinner than the height of the 15 support nenber. The
top beam ne th , t he
bott om beamnﬁe?%bﬁéudgégﬂonﬁﬁlgw@ béﬁg y Pﬂ Q%fr%lgi !\%I%a Fﬁﬁgv\t/ﬂ? t\gé"?f g@te of

t he mount i ng "MATERELS 38, 27THhers being 48) of th?ﬁ@f“ﬂﬁl pgamsiThe t@@@ﬁspﬁ@etﬂ&r@mul ar
col umm i gqpanghkels Bolntth% Qﬁﬁéd?r%ﬁd%%st tHab'Bf il‘%ore%(wieéaé?lfb iy, t WO

sides 55 are at angles to their oftomgécrﬁ es so as to coincide wth the
angl e of the e baing BEZMmmewhiler the thicknegupleeacb heamynemberatd, 27|:8u%94mr@ t he
plan, side and perspective views of a spring beam 60 of a fourth

enbodi nent. The fourth enbodinent is simlar to the third enbodi nent,
except that tTHe BeWAG biagisd14s of salidesquare becthaiingharmeinting dolend3 Hreougst t om
beam menber 5.%.&@.%@ssﬁﬁgeeshrﬁrs@néaﬁ&ﬁaa%%ma% ﬁJr%f ti %‘dﬂﬁrﬁd;%oal ggks 3l
with the top beam nenb at an angle to t bottom eamrre er and to
t he bott dtn ed§ealys made qfo@inmmugn bTb@ktoslbeanhmer@nﬂy 2 warnigeshettopebeaman
that in the eIyugdi i ahgy

pl an, side a?o?ng%rspect P%B@T ea}g‘”ﬁ e %Btreﬁl%es %ga{cr)n 70 éfaﬁd %H?att%%dr%{)é%errent.
The const r uc@iavg their i%@“@dplfﬁ@u%etﬁmqufa&Wﬁ@ rof e springsteassh dlhengisdiupant |
except that %F@oﬁdﬂ?&@ﬁﬁshﬁ?@?&ﬁd BavnBeRs T argﬁéét%h thlﬂrég)tsq%@[]ﬁﬁéd aflhe

poi nt of intersection second and t
triangul ar cdufiist eade afnwde Woh@ﬁ%@%'@ﬁ‘fﬁh@@"@ﬂrb&l@ mATowNebs 134 Kather r st

side 45 of  aBeftliBs Lol aiﬁgllélnﬂrshﬁﬂéé“éﬂd' Simehibhs fdrﬁsﬁbsmohgd thgen Stﬁgolﬂﬁ!d?ends 4.

The ends of t e trlangu ar colum are open, el ng covered first
and second b@gRicRetedhe setprd ends ﬁn@sﬂ’ecbﬁ%bﬁﬁlfél féﬁ'tﬂbﬁfso% aZEpThmgUm%n of
the above enpghngePo3s bah&yonal 1BiHe H%inl?r)@ B15& SOH ih%rélc(rﬁaze axes of .
.................................. whiere E Is the ng's nodu |IS
the area nomPREMARemNbRIEiZ5a27.and | |s the beam | engt h ext endi ng bet Ween
first and second ends. 10 The torsion frequency of the spring beamis
determ ned b)é the equation (2): (2n+l)~r &

........25  Figures 4a, 4b and 4c illusirate the plan: sie ard perspectmefieévmof ) S?ﬁ@dm)de
of torsion, @mbadﬁrtb?n SO a ARy ‘H)%am‘]40 Ralifg nwro%hﬁm'beaﬁ.%e LQI
inertia, Jo is the mass nonent of 1nertia, and Z 1s the beam ent 15 By
appropri at el whm ase GeRgratin Batsglslongatey Themaaip gifferarise bgbweermgthgéawdoandt he
above enmbodi fRWrst &Abodifeftas ‘tlﬂﬂ% élfbpﬁﬂ\fﬁerhm?rlf)g%ll&@frfaﬂgUQF‘E(ﬁu@H%lcﬁls

tolerance to vibrations at off-track nodes I ncludin torsi on,

especi al | y i ¥ FRCIGE PatwsEraifs! Inia%ftsit@ﬁges rhe t@mbeméeprgw 4q1garmbarhqﬁ§mr ound
have i ncggasgdamahembér 43. eﬁ&éeﬁﬁguﬂ‘é*r @Fmé%fofn SfrRE "edgggﬁﬁ Y ﬁﬁ‘%ﬁmea#‘éﬁ%@

affecting the flying capabilities of the actu rarm Tabl e
Il summari se CPHEIN gYRiMisesothesiimpact Pforfﬂ!ar f@%d”ﬁﬂf@@d imgrovinde dife rRgjodynamic
characteri Stbgﬁor%@e%ﬁhe%ﬂ% Beafdes (e.g. first bending, second bending,
third bending) and torsion nodes (e.g. first torsion, second torsion, third
torsion) of the 25 conventional si ngI e layer spring beam of Figures 2a-2c

as agai nst t hfe W9 bba¥ Shé&AbSTR BF GerRPAIN tRE b8 abiik Be RELhbIdRefbRditEN! -

35  a different arrangement of apertures and lacking the tapered second ends 4. The




"First bending node" refers to the state in which the spring beam vibrates
(due to bending) w thout any node. 10 "Second bendi ng node" refers to the
state in which the spring beamvibrates (due to bending) w th one node.

"Third bending node refers” to the stategn which the spring beam vibrates
(due to bending) with two nodes. 5 "First torsion node" refers to the state

in which t he tdggiguleg coleam Rasthereeitat rerienauiprisisiesi 45n 17w wringlly. the jengdiseand
" Second tor Siyph ARG thé afres §tdEQaFehﬁu%i b Shid Brmiblimdni 'ﬂ‘f‘e @95@@% Qf.ﬁgie\(éibr at es

(due to torsion) wth one node rdtorsmnrm e state in
whi ch the spraithelighe dnsapid elermativa det eort@qw@fegaloﬁySWQShtrtamlenoa’élg outSnay "

refers to t h%uﬁéé’é 6f A 'i*ré’é‘Un%*’bfttH@ sldfééchsb@fatﬁbstﬁéd&%r c:Bﬁ?:PﬂrPIﬂ? |§ﬂl‘i¥¢1 With ot her

side. "node" refers to a ggl nt no vi at1 ons

Par anet er onvwerndengds 4 Hitae op-brarnenbeedband hetiam F‘?@jﬂ m%&begdﬁl Thepoint

enbodi ment  Figgintdidaction b HGRsr b s tﬂ?go#)(ﬁé'mdi’igm%?&olumn is between the first
mr0. 070. 040. 035D st ance bet ween beam nenbers first end of

beam menber s Sl thcaemn apgihe moumtingddesidor the lengilvdinal c’r‘?@ﬁt@éﬂ’!@ two beam

0. 90. 950. 9\t 28f 2 ﬁwnla&e&eﬁ@am@Ja@t%cﬂe%ttbftﬁfsﬁo%r%éfﬁflma%écm&ﬁ rst
Bendi n Mode kHzO. 7070 5510. 615Second Bendi n Mode kHz3. 7381. 875; 2.8152. 232;

2.933Third Bénelithe megendpeary nsmir &6 elopoths triangulr salumsd d helareytues 37 . 546

7 OLLT. 186 7 f2dfeanpLsin imedfokiiedto 484 0r #08dfo st Bl 5. 1113
torsi on node kHz37.34226.594; 27.08624. 433; 26. 644Sway & 3 /4 " torsion node

(kHz) 38.376 (Sway & 3° Torsion)35.256 (4'" torsion node)
Figures ba, bb and 5c illustrate the plan, side and perspective views of a spring

beam 50 of a third embodiment. The third embodiment is very similar to the second

embodiment, except that the mounting block 31 is thinner than the height of the
15 support member. The top beam member 54 is at an angle to the bottom beam

member 56, whilst the bottom beam member 56 remains flush and in line with the

fower surface of the mounting block 31. The top edge of the first side 53 of the

triangular column is parallel to the bottom edge, but the top edges of the other two

sides 55 are at angles to their bottom edges so as to coincide with the angle of the
20 top beam member 54.

Figures 6a, 6b and 6¢ illustrate the plan, side and perspective views of a spring
beam 60 of a fourth embodiment. The fourth embodiment is similar to the third
embodiment, except that the second ends 4 of the top beam member 57 and the
25  bottom beam member 59 both extend from the bottom edge of the mounting block
31 with the top beam member 57 at an angle to the bottom beam member 58 and to
the bottom edge of the mounting block 31, this angle being steeper than that in the

third embodiment.

30 Figures 7a, 7b, and 7c illustrate the plan, side and perspective views of a spring
beam 70 of a fifth embodiment. The construction of the spring beam is similar to the
second embodiment, except that the support member has been rotated through 180
degrees. The point of intersection of the second and the third sides 47 of the
triangular column faces away from the mounting block 31, whilst the first side 45 of



36.375 . (Sway) 35.362 (4'" Torsion node) 36.654 (Sway & 4°" torsion node
Table |1 11 Par anet er Second enbodi nent Fig . 4a-4cThird enbodinent Fig .
5a- 5cFourth enbodi nent Fi g 6a-6cThi ckness of spring beam | ayer

mr0. 0350. 040. 04D st ance between | ayers atgtil.01.01.0Wdth at first end of
layers mmd. 124. 124. 12W dth at second end of |ayers nmil. 01. 01. OLengt h of
spring beam riagtriasgulaseolyan is stidbish nithdise se@ndBnda g The emisefithe isagular
kHz0. 5120. 488Q 256 Qipdn BRI Bkidg MB0& el 157 thedrSPantPtd R BdiH) (rgiénﬁf‘e?éj.' n Mbde
kHz6. 4777. 3139. 4361s~ torsion imode (kHz)6.8147.7968.3822"d torsion node
kHz13. 73915. 71618. 3203 d torsi on node (kHz)22.55225.52230. 376Sway node
(kHz) 26. 91826rh$3iRResdth-FRIBRK 1S srphﬁ% BE4rh Of R By ehBobiffentagvent i onal

spring beam (single |layer), although the torsion frequencies are a bit

| ower, thé fidelamingddy thepayaienibiies of the two layered spring beams of the
above enbodi nents do not generate any off track 5 . errors owing to the
presence of the support nggger. In fact, the first torsion node with
obvious off-track vibragi .occurs at 35kkp. The two | ayered enbodi ments
not only reduce the off-trgck notion but al'so reduce the anplitudes of the
out - of - pl ane vi brations, thereby hel ping in maintaining consistent flying
hei ght while accessing data froma disc. 10 Figures 8a, 8b and 8c
i|lustrate t KeFE &ris the ¥eungriampdyldpdds thecarer aigmertt of ingplia, ggd b dathed®am
accordance WiddyiRebidiRg 881_eh AR Lnd $6&nalspagat e spring beam 80 has two
generally flat "and el ongat e beam nenbers, a top beam nenber 71 and a bottom
beam nenber 73. Each of the beam nenbers 71, 73 is identical. A 15 nounting
hole 77, 149 i i for nounting
he spr g bome g g e e e B e 5 Bl "ot "the tu
beam nenbers 71, 73 vary along the length of the spring beam 80. The w dths
at the centre are at their mninumand.the w s gradual ly increase

towards the ends. The two beam nenper 25+4) ed at_the cepsyes. The beam

...............................

menbers 71, 20 73 al so have bilateral sydnet{y, An access head 35 is
nount ed on the bottom surface of tnhgol]cittom beam nenber 73, bel ow the

support menber 75.
PP where n is the mode of torsion, G is the shear modulus, J is the torsional area

moment of inertia, J, is the mass moment of inertia, and / is the beam length.

15 By appropriately selecting the physical dimensions, the spring beams of the above
embodiments can be designed to have improved performance such as, tolerance to
vibrations at off-frack modes including bending and torsion, especially in high
density applications. The improved spring beam is found have increased natural
frequencies of off-track modes without adversely affecting the flying capabilities of

20  the actuator arm.

Table | & Table Il summarise the results of simulations conducted for frequency
characteristics such as, bending modes (e.g. first bending, second bending, third
bending) and torsion modes (e.g. first torsion, second torsion, third torsion) of the

25  conventional single layer spring beam of Figures 2a-2¢ as against the two layered
spring beam of the first and fifth embodiment.

"First bending mode" refers to the state in which the spring beam vibrates (due to
bending) without any node.



12 The two beam nenbers 71, 73 are attached to each other through a first
nmounti ng bl ock 81, a second nounting bl ock 83 and a support nenber 75. The
first and second nounting bl ocks 81, 83 are identical and are | ocated one
at each end of the beans, between the twogbeam nenbers 71, 73. Each
mounting block is a flat 5 parallel epiped plate. The two nounting bl ocks
81, 83 have éﬁeﬁqnameydnne@mcgﬁref@r@ﬁ@ thestals e whieh they springrbagpuyibiaieg (Bee 0 ends
of the spri n%epgﬁﬁmm&gﬁ@degndersi de of an actuator arm The support
menber 75 is a hol'low cylinder in this enbodi ment, |ocated hal fway 10

t hr ough t he [ Efit BRndig PRde refprsh i endialsdp wvhichhibespring heam| vikaies (8xg nds
fromone si deepding@itPRARddRst he other. The height of the hollow cylinder
is equal to the thickness of the mounting bl ock 81, 83. The widths of the

two nount Png bBrdRSIGREDese"t steriteithissigie inhwhishdie springneeamyyibseiae(dumiser s.

The two beamigBighpRithold any dogect end integrally fromthe nounting blocks 81,
83 to formthe spring beam 80 15 with a unitary structure having top and

bot t om beam mBfERRELORIINIROGE deferaiodhe gigde th whichatheysnring begm \ibraies (Hemin hs.
The top beamyimhpwittl dnépdhd. he bottom beam menber 73 have apertures 85

t hrough those_beam nmenbers  at appropriate |ocations along their |lengths to
reduce 20 t heldibiosion medghtefers toribe siate iywhish e SR beara vibialgs ddvreitsi ons
on both hel vessRhPwRINA] nddes®i ntain symretry about the centre. Figures 9a,
9b, and 9c illustrate the plan, side and perspective views of a spring beam
90 of the sevewey refisedn Henstatevinivdrich thedoadbeam iswingstfranh ene piderig abethar of
the 25 sixth @bodi ment. The difference is in the shape of the two beam
menbers 87) §6° The width of the two beam menbers is the same at their
centres as atnddefrefemrida. pdihtogith faedbratiender s are, however, waisted in the
regi on mdway between each end and the centres. Apertures 101 are al so
differently shaped when conpared to those of the sixth enbodi nent. An
access héad JRABLE hounted on the bottom 30 surface of the bottom beam

menber 73, betow-the—stppert—renrber—75—Jigure10a+s—a—diagramshey an
exanmpl e of h)ﬁﬂ%eigbri HS beam 80 ('(;F"tv ptieeia), | Fi di nent M_ngd
to an actuatpr arm 103. Figure 10b'F'g-4#2§ IareEE'&O T'ggfof
shown in figpre _t0a_—35 33 Fhe botiom surf dE19,.33-3¢) o (Fd has
a pair of arm 3@%’*8% PR 7oeaip g U-0fhe arm prcb?‘Fusi ons af &Yseparated by
the sane di stAFEREEYMMo: betweenlthe twonounting holes ¥7,—79-of the
spring beam hBISta5e . c PeleeR e 488 | s nount ed ot he bott ofidur f ace of the
bot t om beam FEWEE'S73 _ bal ow t he support menter 75 A
Width at first end of beam | 4.12 412 412
members {(mm)
Width at second end of | 0.9 0.95 0.95
beam members (mm)
Length of spring beam (mm) | 10 10 9.1
Stiffness (N/m) 31.2 31.36 33.4
First Bending Mode (kHz) 0.707 0.551 0.615
Second Bending Mode(kHz) | 3.738 1.875; 2.815 2.232; 2.933
Third Bending Mode(kHz) 10.070 5.996 6.059
1 torsion mode (kHz) 10.35 7.546; 7.611 7.184;7.227
2™ torsion mode (kHz) 21.358 16.308;16.504 | 14.988;15.111
3™ torsion mode (kHz) 37.342 26.594; 27.086 | 24.433;26.644
Sway & 39/4" torsion mode | 38.376 (Sway | 35.256 (4" | 35.362 4"
(kHz) & 3" Torsion) | torsion mode) | Torsion mode)
36.375(Sway) |36.654 (Sway &
4" torsion mode)

Table H



5 spring 111 is nounted between the underside of an actuator arm and the

top surface of the top beam nenber

73, above the support nenber

75. A

spring may al so or alternatively be | ocated between the | ower surface of
the bottom spring beam nenber 73 and the {jop surface of the access head 35.
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Figures 8a, 8b and 8c illustrate the plan, side and perspective views of a spring

beam 80 in accordance with a sixth embodiment. The elongate spring beam 80 has

two generally flat and elongate beam members, a top beam member 71 and a

16

bottom beam member 73. Each of the beam members 71, 73 is identical.

A

mounting hole 77, 79 is provided close to each end of both beam members for

mounting the spring beam 80, at both ends, to an actuator arm. The widths of the

two beam members 71, 73 vary along the length of the spring beam 80. The widths

20

at the centre are at their minimum and the widths gradually increase towards the

ends. The fwo beam members are waisted at the centres. The beam members 71,

73 also have bilateral symmetry. An access head 35 is mounted on the bottom

surface of the bottom beam member 73, below the support member 75.



20 "Si xth bendi ng node" refers to the state in which the spring beam

vi brates (due to bending) with five nodes. "Seventh bendi ng node" refers to
the state in which the spring beamvibrates (due to bending) with six
nodes. "Eighth bending node" refers to the state in which the spring beam
vi brates (due_ to 25 bending) with seven nodes. "Ninth bendi ng node" refers
to the state Tihg twhikeam m@mgpfﬁ fig 7Beaeraliadhiedtte sachi ger Greghdd fitgt meuntingsi ght

des. "F t i . d t i i h i
nodes our Hmosﬁlaoseaaae%omrﬁ@grb?%&%é BRd S asp%oggg%ghg. ThePirkinghd eam

vibrates (due to 30 torsion) w ree nodes. "TA ar anet er Spring
beam of severfeRORGMISENtASRIGHS Sl n83 sreotlenfisahenmbaisdpeaterton®al eashremdafl theeam

nmenbers (MM bdamslBetWedhn@fiwh efs 24, $8NlESR W%ﬁﬁlﬁﬁ% H&am

h
menbers at ends mmil. 5D st ance bet ween beam nenbers mrl

N n28. 815° bdreAlglgripsderRlez 0. BB3Bvo egiiing Hedke &Hz83 4188 candrally decatestie

KHz9. 2387 bepslinidy TRaS: _7782" hend e 2964" i de
kHz8. 5996 beﬁgltsjr?gg?mde o 78, Tl oyl R%‘En%@% ol 52 <A hedfl Sh0 OC

kHz8. 42" t or $iNERrsifss aRRELAIS Mt or si on + 9' " bendi ng nodes kHz30. 4
30.2754° torsion + 8 " bending nodes (kHz)29.772 35.462 Table |11
sumarises the results of sinulations conducted for frequency

char act eri st 10§ SUpeArtaembgri 75 jsa lhollove gulinsler &s this smbpdiment, dogaigd halfwayhe
spring beam @hrobiie REXAGHS F FROHIIBRM menlbLE T hdlay, dnBd fi3pAM Of
Fig . 8a- 8cSprri°n§gﬁbeamg¢1 Fig . 9a- 9cr%tiff_tﬁé§ss N}'(rréjg 1%@%L no? the two
beam nenber s fde1ofgha beapito thepether. r Bap heiahtof e belpw alindsrdn paeal to ¢
(Sway) 29. 772 tikiHesh O théd MouABNg Biek 8308462THd RicthO B u%bgwmnﬂrﬁebro@%
| ayered spring beans of the present 1nvention have no obvious off-track 10
notion for t#eEateh the widlisef the padopl hedwe bearm membeisdehie tivodraanamesbers  and

table 1V, in#hes spehdhidpam &in tr%Ometfantﬁ'nB%I&f.kétBl?, 83 to form the spring beam 80

15 with a unitary structure having top and bottom beam members which are spaced
apart equally through their lengths.

The top beam member 71 and the bottom beam member 73 have apertures 85
through those beam members, at appropriate locations along their lengths to reduce

20  the overall weight of the spring beam. The number and dimensions on both halves
are equal to maintain symmetry about the centre.

Figures 9a, 9b, and 9c illustrate the plan, side and perspective views of a spring

beam 90 of the seventh embodiment, which is a variation of the spring beam of the
25  sixth embodiment. The difference is in the shape of the two beam members 87, 89.

The width of the two beam members is the same at their centres as at their ends.

Those beam members are, however, waisted in the region midway between each

end and the centres. Apertures 101 are also differently shaped when compared to

those of the sixth embodiment. An access head 35 is mounted on the bottom
30  surface of the bottom beam member 73, below the support member 75.

Figure 10a is a diagram showing an example of how the spring beam 80 of the sixth
embodiment may be attached to an actuator arm 103. Figure 10b is an enlarged
view of a portion 105 shown in figure 10a.

35



enmbodi nrent the first torsion node with obvious off-track noti on occurs over
27.989 kHz. In the case of the seventh enbodi nent, the first torsion node
wi th obvious off 15 track notion occurs at 35 kHz. 16 Because of the
symmetry, the odd bendi ng nodes no | ongerqyzouple with the in plane notions,
thereby elimnating the off-track vibrations of odd-nodes. Simlarly, due
to the preserid® bstiomeuriase obibecaatyater-arenl 0 s arnair of amhpistrasiend@7,di®9. of
even bendi ng i : i

ot tached 1 0 ne i BofuSHRO PR PRIFACE DY 1he SHRE TSI AT FaP LORREN T Mo o
|l ength is redtR¥EEng boleal’?, 69 okthe spinmbeasedPn ABrgesss Mead 35iemghnted ion theral | er

anpl i tude of yoRoAN AL HeObGich BSam Mihbkr 73, bidlolly th9§!u9.§o& PhefeP 78]
consi stent flying height while accessing data froma disc. 10 Agdl tionally,
the presefce 3Bfing Hd nsumermgd etwery el updarpide tof areaaivator rsmy ped de dop

anpl i tude Whiggfacd Bf thiltGp bbAlAESAGerl 7L aBBRCHH Db AltRDer FH tmgﬁrin%arﬁaybm h

the ends of the spring beamare directly nounted to the actuator I5 armthe

spring beam &iso T@ItREativaly be jocataddementi tbe fvar sriasrcef the beltorappringhiesm ence
whi ch nor nal |rb(erﬁ§§rb¥35arﬁltthé&fbédr@c@%fﬁe!a%@&st}ﬁe%g‘s%r e elim nated.

Modi fications may be nade to the enbodi ments of the invention. 20 For

i nstance, the spring beam shown could be nodified to have dissinlar top
and bott q beagneBAlesR 17 2% YRS With IRErdsORs BN xR, R IRIbReS Sy coul d
be altered. The rt op and botto% beam rren‘pe?s are i)r(lélggral ‘W th the nmounting
bl ock in the PERBRAPSRANESS 19ita comNantioral fndte davsserhsatieg yeamdaatagaisbdhe o t he
mount i ng. bl 0GlqueRgSid Moe ayeRiEPYsgYbdn 8F R irstEfbddRehG

coul d be di re.ctqlu_ 5 m)u(rjlt ed ty(’()a t he&agt uat or ar n{rlsnstead gf t he nounti ng

bl ock. In théehien alie fiestimenk diiibel spemendionainpRringhbears paseaneirddd ekHiz s
shown to be apgh&st, rhdgk Bbtﬂﬂé‘idy&vedoe{priﬁbtb@ér'?\aéf'tl’{@bﬁéseﬁthﬁvetﬁ%ﬁ,Qﬁé lm%@gba?nber
could be at an angle. The nunbér, size and the |ocations of the apertures
may be allPer &gcurs@t Fiighenpparanchehdéf kHg shown as a flat plate, triangul ar
columm or cylindrical colum. However, it could be other shapes, such as a
rectangul ar, Tpent_agonal, hexagonal colum etc. In the sixth and seventh
enbodi ment s, herdifinessagroefficientfnpisa spinglerase Bf the sidh apd sevgnte embodiments at e

or a pol ygonad g&ahsiAsd b§wufaﬁ§5(3jpnber coul d be angled to one or both the
beam nenbers.

20 _where E is the Young's modulus, [ is the area moment of inertia, and 7 is the beam

length between the first and second ends.

The torsion frequency of the spring beam of the sixth and seventh embodiments is

determined by the equation (4):

L (4)
1Y J,
n=123....

25
where n is the mode of resonance, G is the shear modulus, J is the torsional area

moment of inertia, Jy is the mass moment of inertia, and ! is the beam length.



17 The width of the support menber nmay be | ess than, nore than or equal to
the wdths of the top and bottom beam nenbers. 5 Apart from hard di sc

systens, the spring beam of the sixth and the seventh enbodi nents may al so
be applied to m'cro structures that requifge high in-planenode frequencies.

For instance, 6% may be used in positioni n(% systens, bionedical devices
and ot her el eﬁ%P ithe epds plthe sprng beame80i 99 dlihg eixibrandsevenih embegiorrnig s. 10

Those skillegré ﬂxéd"&) l@qétac‘fﬂdtér ArRf PGRitAE s%nhﬁﬂ béeﬁ?ﬁs B0 V& bhrP BuGHBs L 6H- frack
practised, with other nodifications, in ht of the informafio

cont ai ned herM&rafiaRst ‘Hﬁ'Hg'nEe?)’éﬁ‘Yt itPr§ias @ndt P@dﬂﬂjﬁéﬂyp@d tﬂi@anﬁmpﬂ@n T[’lQS 18
CLAIMS 1. An sBHQddRbmMsS B, gg Iﬂﬁénhsbﬁrstr%&éhc?%é&%hé@to@rthéF Tixeh n‘%‘dg' sc

access system conpri sing first el ongate beam nenb a Seco

el ongat e Peamdiitivpaly. db%ﬁﬁ?ﬁycga?fdthel pdindiieal raolksd €16, h@la$ dn fallevigting dhe

menber bei ngg%H&%E:@:@éﬁé\‘f98c@ﬁbﬂo§€§ﬁ¥&%ll?§ﬁm~@?%ﬁés sai d beam nenbers being
I ongi tudinall'y aligned in a spaced-apart relation; and nmeans for supporting

said first and second beam nenbers extending 10 between opposing faces of

said first andpReoAnduRRdisEE R Seald a#' Qm:éti&ﬁs%&ﬁdhcféfd tihe ﬁ?&{deﬂé}y beam

2. The spring beamof claim1, wherein each beam nenber has a first end and
a second endchamcteristigsesughr a5 Papeing BPdes f6-gn 0dd Rerdieg masissdeyambending

supporting S%GHefs) aed t&@@)nsﬂﬁ@é@(é)ﬁam fﬂ?@‘gﬁ’r?“'térsloﬂcgtdqgrsmrofttﬁe By

second ends of said first and second beam nenbers. 20 4 The spring beam of
claim1, 2 oream giffeg exth eshodimetns for supporting sai d first and second
beam nenbers is located substantially hal fway along the Iengths of said
first and second beam nenbers. 5. The spring beam of one of the

precedi ng cl dNRESThdriEst Repgiag inesen, 'EﬁeCQBd ENENg Uistsrt 'i%gd rheagingi rgodels s

than the w dtfrfftolon @88&", ©88cdMd ﬁ;?é.@h hiddet, antird REQBH MMSRM SR snfpit the
position of said supporting neans. 6. The spring beam of any one of claims

1 to 4, WPer &19fel Raveahgtstsr meaing §%9W@?P¢fﬁ§? means is equal to the width of
at | east one"phurdhehding mbdéNeieteOne s’&ﬁ@m which the spring beam vibrates (due to

bending) with three nodes.
"Fifth bending mode” refers to the state in which the spring beam vibrates (due to
bending} with four nodes.
20  "Sixth bending mode" refers to the state in which the spring beam vibrates (due to
bending) with five nodes.
"Seventh bending mode" refers to the state in which the spring beam vibrates (due
to bending) with six nodes,
"Eighth bending mode” refers to the state in which the spring beam vibrates {due to
25  bending) with seven nodes.
“Ninth bending mode" refers to the state in which the spring beam vibrates (due to
bending) with eight nodes.

"Fourth torsion mode" refers to the state in which the spring beam vibrates (due to
30 torsion) with three nodes.

TABLE lI

Parameter Spring beam of seventh embodiment
Thickness of beam members (mm) 0.02

Length of beam members (mm) 12




30 nenbers at the position of said supporting neans.
claim2 or 3 or of claim4 when dependent on at

| east claim?2, wherein

7. The spring beam of

t he

wi dths of said first and second beam nenbers at said first ends are small er

than the widths at said second ends,

second ends
precedi ng cl
substanti al |

are-tapered 19 8 Thp Spri

g beam of any one of the

and ygi ons between said first and 35

| Wigth of hramdnembers @t penteg (mmH

t2ond beam nenbers are

Wigthraf beam rpembersat gadte(mmp 9

f

clains 1 to
each ot her.
2, wherein §
10 11. The 9
wher ei n sai
12. The spri
with each 1}
wherei n sai (
conprises a

istaprerbatmesbepnt mesbesstmmp c

1.%he spring beam of any one o
phimbeam nenbers are inclined

Lo

| BoffnegsdNéMY i ng beam of claim

02&Ben dependent on at |l east c

| ai m

4 hending masiedkHay e spaced fur

tthEb3 apart than said second ends.

5 Bt ibegdibe amdef(kidzri m 9 when de

Adde&nt on at |east claim?2,

1 5P ibesding musiegkidz)s paced cl oser

9.088t her t han said second end

S.

Y beeding afodel(RHM 11, wher ei n

stf. @7 i rst ends are in contact

> 2BtHeating I8odelfkelzE pr i ng beam o

f2.aay one of the preceding clajns,

| 4fhbanging aodeyRRLy ting said fi

rsgo@end second beam menbers

6P akng@ih@hiodelfRMENG TWO Si des.

20244, The spring beam of any

one

of clains 1

BY bbRdinghjde! (RSl d nmeans Tor

SypPOrting sard first and sec

ond

beam nenber
bet ween t he
The spring

spring beam

5 18 @3FBibh pitdleqklag) UNn havi ng a
OPNBGEIRINSREQEZPT Sal d 11 TSt

psyYrarity of sides extending

iz second beam menbers. 25 15|

W@@,bncu alm 14, wWnereinm sai d
0h behd@hdmbfies WIgs€i n sai d col

UM TS cylinmarical. 16 Th
u3’@12f§ triangular. 30 17. The

spring beam
i ntersectin

thd}glghm 10 Wnen aepenuent on

away from s:

spring beam of any one of clains 14 to 17, wherein
20Table Thesypmarigesethem ofsuiay obnsimulatiohsi

phar f?édc{hehgés a

hol | ow.

dependent on.at.-Lig

sai d col um
nenbers.
at | east

menbers is substant | ally orthogonal

second beam

) 8P BELAIAG fncdks cond side an

PrERRIco SR S5

IS SECOI’I

7y East ctrarmm 2, wherern—the

gird side of the colum f

sai d col um is 35
nenduidtedo fdr8 fvdqeancy

IS 0 PG R ol
5 2tne spyentbmmbeginoerdm of any one of the preceding clainms, wherein
ne side of said neans for supporting said first and second beam

Ffn

sal

Parameter Spring beam of Fig. 8a-8c | Spring beam of Fig. 9a-9¢

Stiffnress N/'m 32.1 28.8

Width of the two

beam members (mm) | 1.5 1.2

Off-track freq. (kHz) | 27.989 (Torsion) 29.772 (torsion, not obvious)
31.965 (Sway) 35.462 (torsion, obvious)

10

15

The two layered spring beams of the present invention have no obvious off-track

motion for the first three torsion modes.

As is evident from table Il and table 1V,

in the spring beam 80, 90 of the sixth

embodiment the first torsion mode with obvious off-track motion occurs over 27.989

kHz. In the case of the seventh embodiment, the first torsion mode with obvious off-

frack motion occurs at 35 kHz.

m

to the el ongate axes of said first and



10 21. The spring beam of any one of the preceding clains, wherein said
means for supporting said first and second beam nenbers extends
orthogonally fromat |east one face of the opposing faces of said first and
second beam nmenbers. 15 22. The spring begm of any one of the preceding
clainms, wherein said first and second beam nenbers are substantially

pl anar. 23. Pesaugsr ¢inlerymmelty, dng odd deatling| rapdes no donges couple vithhibe in-
dependent on I C 'ég,fze- ! YRS A S G A o del Sity

nount i ng sai é’%té‘ﬁr'ﬁﬁgt’tnﬁ”eg‘% ré'ﬂ’@%f”%f‘%%%gg %?&é@sedgghoﬁg%ﬁggrwarﬂgt and
second beam Sbftiethe presenes ofsthe dollow sylindrigakcdlgnn mSuin-plage sadtiens pf even beam
having a fir j ting the spring beamto the underside
of an actuat ggngﬁ%ﬁwggga%%%ﬁpﬁég%gam of claim 23, wherein the thickness
of said fPrst means for 25 nounting said spring beamis substantially equal

to the di st argReSRPAALLS Sab;sgs i%_ﬁ}t%%hédﬂcf fHeShidale @qhggpﬁgge%ﬁ%ﬁ beam

menbers at said first en The spring beam o , wherein
sai d first agfedivesntngbeam tenateisgedyesdde hal &f gheytotah hearedenaiivl Thiswesuléhed to

said first ”ﬁrﬁgﬁaflé}rarﬂﬂﬂ%é B%ﬁ%nﬁﬁjo%nsﬂﬁ}aﬂgng’eﬁl%dh %@turﬁ,hﬁglggrtb NaiRem of

any one of clainms 23 to 25, erein said first and second béam nenpbers are
f or med i nt egeanrsistenftyingssiight while ecessaing daga fremandibeig said spring beam 35
21 27. Thg spring beam of any one of clains 23 to 26, further conprising a

second neans for mounting said spring beam from which said second ends of
sai d first ahddéiecallyatheensensaindthe eeusting springd iddwipritorreduse thervibretion i ng

said sprin [ L 3 mounting the spring beam
pring Q%muBéWSmtgmgﬁn @ﬁg%é&ﬁgﬂ%m&k@&g@%. 9 pring

to an actuator arm eam o alm 27, wherein the
t hi ckness of said second nmeans for nmounting said spring beamis

substanti al | g gRarabs tb%FTI'L ﬁ% éHd%tnﬁrfﬁ@.SEWBé‘érh%g%glts?'@ct%%ryté#rté #L5cttopal d

first and second beam ers at said secon . he spring beam
of clainil27 am2tbe GpiBIGePAaMaBE. F0r bas dmites cxasedyneeton pedfntieanseasiace air

separat el y ambm@-ﬁ%vmkwnaﬂn%agn%eﬂxagtﬁ@t@ 4rlaf18dd Plar SROShiARBES T Of

nmounting said spring beam 307 The sprin eam of “any one of clainms 27 to
29, wherein said first and second 15 beam nenbers are formed integrally

with said fi Tvﬁnfdiﬂ%tio?r%(}ﬁé]?bmﬂétg %deifi‘ﬁﬁé:@g&ﬂséﬁhg iRhliGe beam 31. The

spring beam of any one of the prece alns, wherein said first beam
menber has opposing first and second surfaces; 20 said second beam nenber

has oppogh ngFh} fn§fran€é‘,4h§ SPARY beath REER ;c.ogfﬂidbeg ﬁ“iogiﬁfeij rt? havd! EIIS@fﬁﬁlaPio S

second beam nenber faces an i(1)_';1)poses sal d second surface of sald first beam
e

menber . 32. a8 pepmgnembesol he saana fithe far and poltembeari membersobidgoe
extendi ng framedl the@pldridHotH b mimtidd drd infedfal REAThERRMfing block in

the embodiment, but could be formed separately and attached to the mounting
block, possibly even removably attached. The two beam members could be directly
25 mounted to the actuator arm instead of the mounting block.

In the third and fourth embodiments, only the top beam member is shown to be
angled. Additionally, or alternatively, the bottom beam member could be at an
angle. The number, size and the locations of the apertures may be altered.
30
The support member is shown as a flat plate, triangular column or cylindrical
column. However, it could be other shapes, such as a rectangular, pentagonal,
hexagonal column etc. In the sixth and seventh embodiments, other shaped
columns are possible, for instance a flat plate or a polygonal column. Support
35 member could be angled to one or both the beam members.



33. The spring beam of claim 31 or 32, further conprising an access head
attached to said second surface of said second beam nenber. 30 34. The
spring beam of claim 33, further conprising a spring nounted between said
second surface of said second beam nenberi7and a surface of said access
head. 35. An actuator armto which is attached the spring beam of any one
of the 35 preceding clains. 22 36. A hard disc drive conprising an

actuator ar mithe Wkt bf e AlgpRENEENbRE Ny bé SdRERBh Ofnof thaPér Qauéilt@'tﬁ@ 1to
34. 5 37. An el ctronlc deV| ce conpri si n%aan actuator armto which is

attached t he s 9§thsdqn2p¢ SHW&?Q%’P‘? S 1 to 34. 38. A spring beam
substantially as herein before descrl bed with reference to and as

illustrated in a &onpa@y gflgures to 12. 10 39. A nmethod of naking an
el ongat e prlprﬁ'ﬂb a9 e dise sKFemsarinecPling dieagt f dhe Sith stndathee sevesyfst em

conpri si ng t RentsldeRentd imayP&8y ibdi dipliad fté rnsﬁéroeétm&aﬁé@ t@@@%ﬂ%’"ﬁgh un-Bfa‘Pl\éL di ng
a second el onﬁate beam nenber opposi n% said first beam sai d

first beam frequengissy de%re'HStBHC%at BY SEYOPRI UBRA M REFIHRIING SystamBebinr
nenbers bei ngnédidi dawibieBabhy cthdrdBREtrbMc dERRESIthaP Hale I @lrMdtl@N stradttral
connecting a neans for supporting said first and second beam nenbers

ext endi ng betc\%‘é?ﬂn‘%m%om ng faces of said first and second beam nenmbers and
across thg wdth of the spring beam 20 40. The nmethod of claim 39 further

conpri sing th?| step of nmounting first ends of said first and second beam
menbers on a PpeEkiRRdhe Bft V\‘?‘E[ﬁ‘?ﬁ’ﬂ'ﬁ@e it dhesipremigniserrhe practised, wiieolet hod
of claim 39 esocHations, ittheGigAPSH thié Norifiof CBRafkd fﬁéﬂﬂﬁ mao&%aﬂma%ﬁa of
said first and second beam nenbers on a second neans nmounting said
spring beam 4B° SeARE BY?”@P”any one of clainms 39 to 41 wherein the
spring beamis as defined in any one of clains 1 to 32. .ALgF

. Al gF. AlqglAUc Aigc. Aigc. Aic. Aigc. Al gF/ . AF. Ai c. Aigc. Ai gc. Al F. Al F. ALgc. AUF&.
Al gc. Aqc F. ALF. Ai gF?OF hChR5( x |

*~0y| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] caU] ca]ca] cal]caUca Uc”a Uc”haljcay o
,nhz3.c"}xsnid _Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]lca]lcalca]lcalcalcalcalc
a]J ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca! TkKB X °
LN 9" y" " e##STSSSSSNU %9&&&{ upkf a\ W ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] caU] ca] ca] ca]ca] ca]ca]caV]calcalca]calcaljcal& =" ~""&)0O)
))}*]++9,,,1-2Z---...// 00011l 222n3| w mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! n334444
67 ;t=>>XACEGAH-HHHHHI | "I RI 1 I 1 | FJI Jzunhc~Xmhc”Y] V] ca] ca] caV] ca



V] cMa] ca] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caljca]ca]calca | JIJKLOLL( MMVWN NNNNMOhOO PCPPPPPP

QQTTT" T+TDTI T~ysni cAXmhc”Y] U] ca] cal] ca] ca] cal] ca] caU] ca] cal] ca

U] cMa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cafgca] ca] ca] ca] ca] ca] ca] ca] ca

| TaTf TWWM WWMAMNWHXYY6ZZZ&[ [\ X\ [\\J] ] I 2~ _+ “a~ytoje [V]ca] ca]ca]ca] ca]ca
] ca] ca] ca] caldAME] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] c*a] cal] ca
] caU] ca] ca! aabcc3dddeeeeEffiggh'iziiiiii'jQjjjkkzknmkpk{vpkfa\Ww)]ca]ca]ca]c
a] caV] ca] ca] ca] ca] caV] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] ca] cd} ca! pRkr Zrpring heapt for tusguwitiu @ouRAlLAIGr arm of a disc access
w_w~xshc” YEEahl eghpdditgl cal cal] ca] cal] ca] cal] ca

U] c*a] ca] ca] ca] cal ca] c*a]ca] cha] ca] ca] ca] c”a] calU] ca U] c*a] ca] ca] ca] ca] ca] ca
wx, X/ x| x#§FyHy| zz Zfir§t{edorogia heam-embeRi d_Y] ca] c”a] ca] ca] ca] ca] ca] ca] ca] ca] ¢
a] ca] ca ca ca] ca] eA4¢&RhA B GiRafAbeath GAABCHFRING AP kR beah ALABLE Aefit! OAF

pe} xsni d_Z] c[stdspeneaioes pelspcapetosed o] waid sasad] bedne spemerapaid]heantal ca]

'(I:'g]egg']' SAE]KKVaLEﬁ(ﬁ%rﬁﬁé?gg%g?ﬁgﬁag%gﬁ;% S(:pa c(e:ceji-]ag%rf (r:eai t?g]- ?:%1 ca] ca] ca) ca]ca]c
a] ca] ca] ca] ca] ca] caperg & swiredngapeid] firal eafl cafcend Keagy NeiRkbers nexderling] | ca)
ca] ca] cajga] %h%hcgd%ahg%e&] gedLalicdlLal @ﬁ@%%@%@gb&a&&%%m&al ca]

ca] ca] ca] ca] ca] cal] ca?OF hiK-10%&' ()-F - 10%&
10%& () - PlO%EZ"%tF‘-O the@pring peamogk’ () - CheF- 109%&' J 10%& ()-!di "109%&' ()-)g
109%&' ()-g 10%&' ()-i 109%&' ()-MLO%&' ()-R5a?-10% rLf)" 10%R&& ()-zy&10%&' () - %
109 () -p#J 109& (r) lyL "109%& ()-]J 109& ()-5(x | dE-109rS5J 109& ()-12J
109&' () - zLO" Boug' (The\sprng begm @§ claim 1paigerein-gach beaygmember has a first end and
*~pCLl09% " 109 dekoird dndt0%& () -J 109%& () - @109%& ()- 10 10 106J 109%& ()-% o
dEbC10% i 109%&' ()-J 109%& ()-1 "10%& ()-3J 109%& ()-yJ 109%& ()-F J
109%& () - }$~<bC10! Ui f)"109%& ()-zy&L0%& ()-!\ H "10%& ()-!ki"10%& ()-J
109& () - J 1@& ()Th@%}mf@-géarﬂgf 4 ﬂ?%gﬁsﬁ}cg rjngé]ncf for sypporting said first and
10% ()-2!\i\ /" 100 (J- ] g 10% (S-dp,g 109& () -2 30EVKa 01 10F

second beam members is located near to said second ends of said first and second

beam members.

20 4 The spring beam of claim 1, 2 or 3, wherein said means for supporting said
first and second beam members is located substantially halfway along the lengths of

said first and second beam members.

5. The spring beam of any one of the preceding claims, wherein the width of
25 said supporting means is less than the width of at least one of said first and second
beam members at the position of said supporting means.

6. The spring beam of any one of claims 1 to 4, wherein the width of said
supporting means is equal to the width of at least one of said first and second beam
30  members at the position of said supporting means.

7. The spring beam of claim 2 or 3 or of claim 4 when dependent on at least

claim 2, wherein the widths of said first and second beam members at said first ends

are smaller than the widths at said second ends, and regions between said first and
35 second ends are tapered.
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1. he spring beam of claim 9 when dependent on at least claim 2, wherein

said first ends are spaced closer together than said second ends.

12. The spring beam of claim 11, wherein said first ends are in contact with each
15  other.

13. The spring beam of any one of the preceding claims, wherein said means for
supporting said first and second beam members comprises a flat plate, having two

sides.

20
14. The spring beam of any one of claims 1 to 12, wherein said means for
supporting said first and second beam members comprises a column having a
plurality of sides extending between the opposing faces of said first and second
beam members.

25

15. The spring beam of claim 14, wherein said column is cylindrical.
16.  The spring beam of claim 14, wherein said column is triangular.

30 17. The spring beam of claim 16 when dependent on at least claim 2, wherein
the intersecting portions of a second side and a third side of the column face away

from said first ends of said first and second beam members.

16.  The spring beam of any one of claims 14 to 17, wherein said column is
35  hollow.
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substantially orthogonal to the elongate axes of said first and second beam

or supporting sal f' rst and second eam members is
members.

10
21. The spring beam of any one of the preceding claims, wherein said means for
supporting said first and second beam members extends orthogonally from at least

one face of the opposing faces of said first and second beam members.

15 22, The spring beam of any one of the preceding claims, wherein said first and
second beam members are substantially planar.

23. The spring beam of any one of claims 2 and 3 to 22 when dependent on at
least claim 2, further comprising a first means for mounting said spring beam, from

20 which said first ends of said first and second beam members extend, said first
means for mounting said spring beam having a first mounting hole for mounting the
spring beam to the underside of an actuator arm.

24, The spring beam of claim 23, wherein the thickness of said first means for
25  mounting said spring beam is substantially equal to the distance separating the
outer surfaces of said first and second beam members at said first ends.

25.  The spring beam of claim 23 or 24, wherein said first and second beam
members are separately and removably attached to said first means for mounting

30 said spring beam.

26. The spring beam of any one of claims 23 to 25, wherein said first and second
beam members are formed integrally with said first means for mounting said spring
beam.

35
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