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(54) Title: SHOCK LIMITING SUSPENSION FOR A DISC DRIVE
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v (57) Abstract: A suspension limiter for hmmng travel of a read/write transducer gimbal in a disc drive is disclosed that positively

engages or interlocks with a feature of the load beam supporting the gimbal, or vice versa, to preclude disengagement of the limiter
~~ during an abnormal external shock event. One embodiment has a hook on the load beam that fits within a hole gimbal to interlock the
two together. Another embodiment has a hook on the gimbal that fits within a hole in the load beam during a shock event. Another
embodiment has tabs on the gimbal that hook over a notch in side fingers extending from the end of the load beam on either side of .
the gimbal. Another embodiment has a hooked tab on the load beam that extends through an aperture in the gimbal to interlock the
% gimbal and load beam together during a shock load event. Each of the embodiments prevents catastrophic plastic deformation of the
gimbal during such events.
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di sc drive. Background of the Invention Typically a ginbal assenbly at one
end of an elongated flexure sonetines called a | oad beam or suspgn2i APR 2004
menber suppobi/Aidshe head over the data disc in a . 1o digggadbiréspe The ot her
end of the flexure or |oad beamis securely fastened, usually by staking,
to a distal end of an actuator armthat is rotatably positioned adjacent
the disc or stack of discs in the disc drive. Suspension limters are

used in those disc dEHQRESLYTEE FUFPHH PaFR ¢ 785G 8¥dPwrite transducers or
heads of f of the discs on a shelf _ or ranp when the drive is typically
either in a power saving node or QM&&% The suspension limter
functions to hel mrnid dpplidafi6n REAA gldefilly i \Bsclirve dsth bbRAge ARALs addthi@d to the
ranp and to prevent excesshve.sgraln_on the gi nmbal during unload and
prevent exceggioplarlyte ashock fimiting sespensionifer aguaghetistread/wrise franstiepekiniaoad whi | e
the drive isdficq%gg‘ergi zed or in a power save node and the heads are

posi tioned off of ‘the disc. The end of the flexure carrying the head is
suspended by a tab extendi ng frBakgiound 20thedeentionl of the flexure into a
slot formed int ki ng.r.amp. . The head s supported by a.gi nbal
attached to the Itlegggglb'e %}?‘Pﬁ@gﬁ%ﬁ’g{%ﬁ? P 8*%2‘3‘59%11%“[6 mePEPy  and yaw
?bout L heI picgnid @bhdlbeaﬁrbrtsﬁ@ﬁgidghrﬂmbgfrﬁﬁp@is Iﬂlkbaieéd over thﬁ ldﬁtg dist fn $5US pgnded
romthe | oad beam en a oad i s applied tqQ the deenefgize
drive, tHe mésgdiﬂtvenaﬁpwewae? éﬁéwrm&?adtbgfrg IOy fgtegsdnlelly A shock
limter is ZystaRigt@ld dist@lRn®staBRASLAGY drdthap R rbtbﬁblgﬁﬂﬁﬁéne&/ﬂd'ﬁd%ntm@en the
drive is placed under a predeterm ned external shock Ioad, engages a

portion of tdise of ptackefalisss i thediscisiym Puspension limyifers asecuisedingosedisenent of t he
gi nbal t hat | poroa f ' ver, if

t he shock |Od§§9%§5%ﬁ§§‘?§h‘??§ﬁ% thetgIajlaﬁrrsi}iltléc‘ai'trps O?rigégdgéﬂt%\fm&g?gggogut ¥Y§f
engagenent wirrdmp whern thadrivsasiypicallyctithérams ¢ pewel edvingracdemn deghergized.gi nbal nay

result. 30 l.n _addift.i once the, |.im.it s dise ed. .the limter may
[ or for B v Pt im0 Brplolf o ol 4P he hEna R AR B o | o 2
removed. 1 ZAinkRRtcHAEAandp dhd 1o prEAFenPéX0eksiVistihin ehlthd ZinfBalldukibg ih12amna '

Accordingly there is .a need._for .a shqck limti device in.a .disc drive
t hat gy prevent excessive stra?ndif the drive is su (J:ected to ashoglgloa(? wiu ¢ the drive is

deenergized or in a power save mode and the heads are positioned off of the disc.
The end of the flexure carrying the head is suspended by a tab extending from the
20  free end of the flexure into a slot formed in the parking ramp.

The head is supported by a gimbal attached to the load beam that permits the
head to pitch, roll and yaw about the pivot point on the gimbal. The gimbal, in turn,
is suspended from the load beam. When a shock load is applied to the deenergized
drive, the head tends to move away from its supporting gimbal. A shock limiter is

25  typically an extension tab on the gimbal which, whén the drive is placed under a
predetermined external shock load, engages a portion of the flexure or load beam to
prevent excessive movement of the gimbal that would otherwise plastically deform
the gimbal. However, if the shock load is substantial, the limiter may be twisted out
of engagement with the load beam, and plastic deformation of the gimbal may result.

30  In addition, once the limiter is disengaged, the limiter may interfere with proper

“orientation of the gimbal when the shock load is removed.



does not di sengage the gi nbal under any anticipated shock | oad condition.
Summary of the Invention Against this backdrop the present invent ilod AR 2004
been devel wpadl41135he present 5 invention is a suspensi operdsidisage t hat
positively engages or interlocks with a feature of the | oad beam
supporting the gi . ' hat. i.n tur.n suppart.s the
read/ wite transd‘g%glr'du%%; %?ﬂggieﬁfygg ?f?%éé\oﬁg%%nrlrtﬁlﬁtde‘g?e It“ﬁ’e& °idﬂ1v? é‘?t during a
shock event . doéSmet disdngape thergimbd] uhdee amLmpepaedshodk 16ad cdhdition.accor dance with
the present invention has a canfilevere 'm extending fromthe ginbal
that extends over a portion of t I £ 9%The distal end of the
cantil evered ar m AgfinsathixtabkdedprRepradtdt invdntibh had BadidRek1éRd] Theprk@aki ngl y

engage an _aperture in the portion of the |oad beamdirectly beneath the
hooked end oftvEMionds hiuspansien limierdkat pesitvelyragagesorintetiecks witha fastre
i nter | ocki Ngbythe ae 86 APpfcd thtl Eithbsl, biVile Vel R idiuR@bpdis did1e | 0ad beam

tointerfere with and tEus prevent the tab from di se_nbagl ng t he gi nbal
from the | oatFad/@sita transdyucardo preplndd disengdsement ok lipiter dwsing e slwbckh eeknti nbal away
fromthe | oa | Sk A Li L he drive.
These and va?ﬁgﬁgmot %?Oféggﬁééen\éﬁ%gﬁl&gﬁ% %gﬁgcﬁ\%ﬁ%@gécﬁﬁp%ﬁné%ar acterize
t he present haswaeattileveredialth extendingpfeonethie ginitainhat exteads over a pdrtidnnef theol | owi ng

det ai |l ed description.an review of. t he associ ated, drawi ngs. Bri ef
Descri pti'on g’f‘dF‘f‘Fg’ D-rrg“v\ﬁgf‘@@gﬁhg‘f@nhf"‘?r%d ﬁmaﬁaﬁﬁﬁ‘?ﬂ?‘e‘wp&fmmgag?sc drive
i ncor por at i ngdapted EcibRFI6EXEhe® E2al e Aberfite in tHRDoR1SRRE 1S 163 beari Uk&@lyi N
accor dance w‘iﬁ%h tﬂgle present i|nvention show n ' I nt er nal

th
conponent s. ejhgoked epgptiheam. (iher ﬁ%?qivglt%hgﬁgé;dn%a Zabcﬂ‘”ét al end of a
| oad beam angiterfobianag bif@bes iR asbrRRSRAR! i the RANHaDE the fohd Gdamitb &t fered

enbodi nent of the suspension 25 limter in accordance with the present

i nvention. Fwith agl thus preventthetah amplisengrgingithecsibal fjow the load bagrthes end of the
| 0ad_beary anfyidig il {39557l he 1M alitha i R ND1o6A BLEETGITOdLpENL Of Lhe
suspension [Imtér in accordance wt e present I nvention. G 4 is an
enl ar ged per shoekloadsare/appliedath thehtipiveli These amdvhriofs aiytféagred macdtiikeam 30 and

R T RNy R e T

of the following detailed description and a review of the associated drawings.

Brief Description of the Drawings

20 FIG. 1 is a plan view of a disc drive incorporating a preferred embodiment of
the suspension limiter in accordance with the present invention showing the primary
internal components.

FIG. 2 is an enlarged perspective view of the distal end of a load beam and
transducer head assembly showing a first preferred embodiment of the suspension

25  limiter in accordance with the present invention.

FIG. 3 is an enlarged perspective view of the distal end of the load beam and
head assembly showing a second preferred embodiment of the suspension limiter in
accordance with the present invention.

FIG. 4 is an enlarged perspective view of the distal end of another load beam

30  and head assembly showing a third suspension limiter in accordance with a third

preferred embodiment of the present invention.



WO 01/ 41135 PCT/ USOQQO 25409 FIG 5 is an enl arged perspective vi ewl&T APREZOM
di stal end of another |oad beam and head assenbly showi ng a four

preferred woedisent of the limter in accordance w thpdhgsoRisent
invention. FIG 6 is an enlarged perspective view of the distal end of

anot her | oad bea and head.assenbl y.show n fiffh preferred

enbodi nent of thg17 Igggﬁse sﬁ"%f‘?efl??ﬁ}fegtl’ve)%wﬁ%‘ﬁﬁ@ﬁ&%%ﬁ“ﬂ’ﬁ‘”ﬁh@%ent

i nventi on. Fhfid hedd asenbly eidvdnigefbuniepafRaed enfodithétofthe fiMRerdh St al end of a

| oad beam and hgad aals rrbl$/e showi,ng a sixth preferred enbodi nent of the
suspensi on | PHACEERRCE Rth e RSIELAYENE t h t he present invention al so shown in

FIG 1. 10 Det ai | Fit. Bessienigded Peréheshiveidh o1\e ERR R@BSinbHEE B beimaccor dance
with one preferred enbodi nent of the present invention is shown in FIG

1. The diSc @nd Read sssermbly shqyrug:a Afthhprefsrradembodimenhofithe suspensio limiserponent s of
the disc driyf,cl@dare iR Yr&tht ifdeltftd. cOver (not 15 shown), cooperates
with the baseplate 102 to forman internal, sealed environment for the
disc drive in a city@isanenhigedperspective Vivev afohqbstarend of alohdickamand pi ndl e
notor 106 th r ) r..pore disc 08 at..a constant hi gh speed.

| nf or mat i on ﬁléag %eﬁgpes%ggﬁgaﬁlé{ﬁfpé%? regﬁoaifngﬁ(og ﬂ%?rfufﬁ’?gs’%ﬂqg&’é“cll‘bB t hr ough
t he use of anccantanmtwith themeentihyenfidialsoshowhinRKIGal.es during a seek
operation _about a bearing shaft assenbly 20 112 positioned adjacent the
di scs 108° The act uat or assenbly 110 includes a plurality of actuator
arms 114 which extend towards t hetsliedTeschfiition t h one or nore flexures or
| oad beans 116 extending fromeach of the actuator arns 114. Munted at

the distal end Qf“’*é&&ﬁ”YFfI_GPHGHSFP@‘}Q}F@%WPPW@W‘!ﬁ;@éﬁ?@ﬂ&ﬂl{bﬁ@t‘@tnpI udes an
ai r bearing o%éﬂx%ﬁen?fﬁ@&#tibﬁ‘&shéﬁ%iﬂ‘ﬁd 11%%&1&%4%1&;&&1@5&&&%@ ty above

the corresponding 25 surface o e assocl ate sc 108. During a seek
oper at i on, t evhighiwtiopoeomponentsef theldisc dd veitf0ate8mpunteslo @ topkdwd(mot hr ough t he

use of a,yoi [ K. ' tvpi.cal,l v jncludes coil 126
attached _l}lo %ﬁ’é& g@k’ ?ﬁél'?azt)érg WS ygr\‘goaf%%?elw\yq%gop%aﬁ th%%llb%%leg?m%%mger manent
magnets 128 funithehlisesitiadini adoneenti@ghmanner. fThelcomponents irclude hepiadle | 126 1 s

i mmersed. 30 _The trol] ed applicati of current to coil 126 causes
magnetic int E’I"E’Ellﬁ?% atggte{xégx};c{?ﬁ@repﬁ cﬁgﬂ%ﬁﬁcﬂﬁﬁéﬁ%{‘l@hi@g&gﬁ@@ﬁt@%oi | 126 so
that the coi {s whitfen fa@TeddFrom tracks on the discs 108 through the use of an actuator

assembly 110, which rotates during a seek operation about a bearing shaft assefnbly

20 112 positioned adjacent the discs 108. The actuator assembly 110 includes a
plurality of actuator arms 114 which extend towards the discs 108, with one or more
flexures or load beams 116 extending from each of the actuator arms 114. Mounted
at the distal end of each of the flexures 116 is a head 118 that includes an air bearing
slider enabling the head 118 to fly in close proximity above the corresponding

25  surface of the associated disc 108.

During a seek operation, the track position of the heads 118 is controlled
through the use of a voice coil motor (VCM) 124, which typically includes a coil
126 attached to the actuator assembly 110, as well as one or more permanent
magnets 128 which establish a magnetic field in which the coil 126 is immersed.

30  The controlled application of current to the coil 126 causes mégnetic interaction
between the permanent magnets 128 and the coil 126 so that the coil 126 moves in

accordance with the well-known Lorentz relationship. As the coil 126 moves; the
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accordance with the well-known Lorentz relationship. As the coil 126

noves, the 3 1 2 APR 2004 WO 01/41135 PCTI US00/ 25409 act uat or assehidl APR 1004
pi vot s abowboi/dmessoeari ng shaft assenbly 112, and the hegqsysedssfpdl € caused
to nove across the surfaces of the discs 108. The spindle notor 106 is

typically de-er i n.the. di drive 0 i t ip use for extended
peri ods of tfﬁgﬁﬁg%ﬁé&%@g@? PSS a&?%%@ﬁ%ﬂ%ﬁ?@’%?& 6‘?‘ﬁh?>§‘iaﬂ% di scs 108
and onto a pal&amgausedno mMiRe aadjsaliesnifadel of theidisys 108.amet er of the discs 108
when the drive notor i}nmfde-en rgi zed. The heads 118 are secured on the

parking ranps 120"% otprA06 Ixtxpically de-ensrgized; when thediss daive 30f§ement , whi ch

prevents i nagMeberol extéidad pepiBdsr iR TAChAAS A8 aRSHEVER bitwhiddof3en the heads
are parked. FIG 2 shows a greatly enl arged perspective view of the |oad

beam 116 20 HiFsieF 198npd enigiameekingTaop 13fkadjacens thegnier dismpiprafitis diwfe_ t ransducer
or head 118. 16@%&%@'@%@&&&-&%&& he;c?grlk %%%Ec%%d%tn%ﬁe alﬁ‘éés\tm' th the

preferred enbodi nent suspertsion T1m I ' naccor
i nventi on. Trempsd0 thirough thelvemof ah BBuater lattlnatanpemknt, whidheprevenier si de of t he

gi mbal 150 t s Jn turn.fastened t t% i stal end of the |oad beam
116. The gi n‘ggﬁve[%?f rPtsaﬁ%lnor}é}feoaﬁéﬁ fe%fs%‘g"ﬁ ‘%ﬁgi}l" hﬁ%‘{;ﬂe Bkefli ng 15 t hat
has an el ongat ed FIGaZshqwaratgreatly &ifrged epspedtive vie@df theeid beard16 uppor t

ti 58 til fromthe frame portion 156. The head support
Porti on 153 PEPotyE el Lig ko, supeart o CopsOyHEOThouh Ll K98 head 118

as seen in Fbé&m 121.6aﬁagimuaprﬁoiiﬂdégﬁkdt&rafﬁétpie?&realsﬁ*e@dim&%f%rm' ts the head
118 a substantial,  range of freedom of novenent about the nounting point

so that the PHEBERSiPRSmite]Sgiin socordance with fhednyeatipre Thatrmnf therheadil 18de hment
poi nt in ordggehdd taaﬁ%aé{ﬁge/?%g& Oéi@ﬁ‘éltlgt?tfgfig faGR HRREOW fe &aﬁtﬁféag di sc

during drive operation. eam 1 I's an el ongated sheet netal body
that has a coftbeload Bam Hej kheigimhaht50ds ait elongated springtsheet netabistompsing 116. The

i mbal 1 i 81 4 eet tal. st i ng that. has a bent
Pab 162 avi 0 b eolhea aRRERE 1 SRBhorblE & s PR e PR, mner hoad
support portlSﬁnaﬂxﬂﬂevei’éuif&nttabfrdrﬁepdmEﬁca‘hcﬂibahl&i@ﬁrti;&ﬁohmss;jfss | ong L]e?
166. The | oad b 116, has .a k shaped ta 8 that tends upwar rom
t he cut out 1@5‘."%%{1%%&?‘1&8%6@’ %ﬁgﬁt@a@f@c?ﬂhffaﬂ}g?ﬁase%’f‘ ZS\’h%)!pjéh"164_ inthe
| ong | eg 166cafighragonasiic dibal 16@perité hahead1 €9 a aibdtantial tdage 6f edsihi ve 100 is

subj ected to

of movement about the mounting point so that the hgad 118 can pitch, roll, and yaw
20  about the attachment point in order to accurately follow the surface contours of the
disc during drive operation.

The load beam 116 is an elongated sheet metal body that has a cutout 160
adjacent the distal end of the load beam 116. The gimbal 150 is in turn an
clongated sheet metal stamping that has a bent tab 162 having an L shape extending

25  from arear end of the inher head support portion 158. This tab 162 has a catch hole
164 in its long leg 166. The load beam 116 has a hook shaped tab 168 that extends
upward from the cutout 160. This tab 168 projects through the catch hole 164 in the
long leg 166 of the bent tab 162 so that when and if the disc drive 100 is subjected to
a substantial external shock event, the gimbal 150 will flex downward until the long

30  leg 166 of the tab 162 hits the load beam 116. This limits the deflection of the
gimbal 150. If the shock load is strong enough, the applied forces may deflect the
tab 162 sufficiently to cause the tab 162 to try to slip off and disengage from the

4



a substantial external shock event, the ginbal 1.50 wll flex dow‘\_?/zrgPR 2004
until the long 30 leg 166 of the tab 162 hits the | oad beam 116. i

limts thewdailspgsi on of the ginbal 150. If the shock | dodsiby ONY

enough, the applied forces may deflect the tab 162 sufficiently to cause

the tab 162 t,0 tr i p_of nd dis a fromthe 4.1 2 APR 2004 WO

01 41595 per RidEmalE TRt edh 18 ol Eparojecting oot thepalehok 1 ab 168

proj ecting t Mokugh idtéibckawiththe ik &g166to sipny Bthsr Mbvetheht T tHeqsty | €9 166 to

stop any furf}?fr rml%/e a%léégf the tab 162, The hook tab 168 thus prevents
1

def or mat i on The hook t Swaprgyafsslefamation of B tabk62 end dislgdgementm t he | oad
beam 116. Thio$the@dt 162 Yori heba®B&RNM162rhi¥ cmhiaga{&%sﬁen?ﬁlpﬁﬁoﬁﬁg%t he gi mbal

150 to the | gad beam 116 duri ngi such events an vents
undesi r abPPe di¢hss fgzirabal $50 tothe logdrhsam 116during suchwwernitsand; induray se

cat ast r ophi cgld ¥ntp f ' RQsiti oned onto the
di sc 108 ann trhe&?rélﬁghtglefgg)n?gtfbggéﬁgnglﬁbgglaé'b QHJ%O{@OE}} U€% rates anot her
preferred ensyastophicaltyfprevesttbqlead I tifrdm béingrepadiibnedldhtd the disc v08lance with
t he present ipvepti.on, .portian of the distal end of a | oad beam 200 is
shown in per%"%&%?’ﬁ?@wﬁﬁﬁgﬁmﬁglﬁ?‘vi ewed fromthe disc surface. The | oad
beam 200 has a CUFIGBtilhRGaed @bﬂibﬂ}ﬁeﬁzré&bﬁibo@ﬁﬁnﬁ&f&tsué?&n%ﬂﬁnitbpmr d at a
right anglﬂe .to tge sur, 2‘;:e pl ane of the | gpad beam 200. The | oad beam 200

has one efd Htacserdanse CIesgRt ysRtiono A Rogtiqarof e dintal endiofiaead bser beam 200.
The ot her endo®fs shdvh ihPeBpeihd in'beS. PasHEAdd BBMAA disk sabEdee TARNdda0n 208 to

whi ch a transducer head 210 is fastened. The head nounting plate portion

208 has a cabean 2 hes 2 ¢yt outd W3 forming 4 hogk 204 thet ipbent hpward aich ightiangleng pl at e

portion 208. ' t i i ] downwar dl y
ext endi ng ho&ﬁ]ﬁlﬁﬁ%ﬁ@%ﬁeﬁé@ Hg?‘ggg&t gﬁﬁo%&/?e%}tnoﬂ? ﬁ%’ Oél\glteéﬂo%gl e 212. 20

The hook 204¢longatedigimbdl 306 Ihser walded totthe loatbbeatni200.2THe othdrendipf thtre suspensi on

limter i,p thi Lnent . \Wen a sho | oad.i s applied t he disc drive
i n which lglt h?@gﬁ@égﬁﬁ%ﬁ{l&}n&n%% 2 ,pmi%ﬂn %&80@6&&?3“‘8?‘%98%3%‘:#0& seen in
FIG 3, the Phe®ikd The headichduntihg/plare pertionP08Has a cqicH Hold i 2tthough aveal 208
upward such that . the hook tip, 214 of he hook 204 extends into the catch
hole 212 in F °fﬂéﬁgﬁa€’6‘ﬂ?ﬂq“ﬁgl*‘fﬂ%nﬁgé't Thefa g§°1231%1ﬁd'°1"i°?ﬂytqhﬁ’§dt he upward

travel of theithadb@hwa@§ cvichding RoREE 214 Rhith & stedH RSABURGtch hole
212,
20 The hook 204, catch hole 212, and the hook tip 214 make up the suspension
 limiter in this embodiment. When a shock load is applied to the disc drive in which
this embodiment is used, in a downward direction, as seen in FIG. 3, the head 210
initially moves upward, pulling the gimbal 208 upward such that the hook tip 214 of
the hook 204 extends into the catch hole 212 in the head mounting plate portion 208
25  and limiting the upward travel of the gimbal 206 with respect to the load beam 200
thereby preventing any plastic deformation of the gimbal 206 and the engagement of
the hook tip 214 in the catch hole 212 prevents the potential disengagement of the
hook 204 from the mounting plate portion 208.
FIG. 4 illustrates another preferred embodiment of a suspension limiter 301
30  in accordance with the present invention. This embodiment is very similar to the
 second embodiment discussed immediately above. A portion of the distal end of a

load beam 300 is shown again in perspective in FIG. 4 as viewed from the disc
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t hereby preventing any plastic deformati on of the ginbal 206 and th1e APR 2004
engagenent of the hook tip 214 in the catch hole 212 prevents the 2
potential womagagement of the hook 204 fromthe nmount p@frugoaisgy POrtion

208. FIG 4 illustrates another preferred embodi ment of a suspension

limter 301 ent hi,s enbodi rrent
is very siml gx(r}ad[eo ?ﬁqg&ﬁgg%gnﬂagngcﬁ%t @%goqtkr#ggfag{ é’F?f above.
portion of thJerlrdsﬁmthendfacéplme dfd&doetdﬂmmsm Ih$h1§hﬁNU’duﬁ@fﬂlmwb%r 01/ .
per spective i r t he_ di 1 2 APR 2004 V\D 1/ 41135
PCT/ US00/ 254 EPg‘ﬁlé n° “ ta?ﬂ 152%% %‘Ef?c?é%“eé’?gﬁtl“@&f’a‘ﬂéﬁo #dRming a tab
hook 304 thathoblszmlerlﬁsteatl,ﬁhatradhédlmuhhhﬂit&blﬁcfrﬁ&ﬁthmeﬁféﬁds% ablife paft) Peam 300.
In this enbodlg]?nt hovveve the hook 304 is not at a right angle to the

surface pland® °P]6%‘b° fhelpadNsam 380.; The Joad kean3P0 hpseneend of athe t ab hook
304 has a takidapickd glﬁ;bm@s 1£&matd e ﬁ;a@t%ggso@afrﬁé&ﬁér eﬁgkf’@%he surface

pl ane of the |oad beam 3 | oad beam has one en el ongat ed
gi mbal 306 IMalwkvéahﬁﬁmmhmmmb@amMmea@:tah@nceemehd(ﬁloushe gi mbal

308 e 2 e Mol e dadth Al Bk B0 08 18 it Bl LERRSENFPT NG 310

Is fastened. ‘T e ‘head noun e portio ated catch
hol e 312 t hithrough arearend ofshehead nmhntmg@m mnmtaoagmd clorpated cittlDivles08. The

el ongat ed, .ca hal.e vertic th_a downwardly bent
tab ﬁookd]t0 tng{Ilf VR 1}1?'2111?1 v?i‘d’“f?ﬂmw]aﬁ y%ﬂ&ﬁb E‘ﬁ’g %thaﬂ%ﬂ@\ﬁ% The tab
hook 304, catﬁch:tdwthbeataﬂmeaad the tab hook ti p 314 make up the

I nterl ocki ng suspgns imter in this enbodi nent. When a shock load is
applied to the df@‘c F‘?°5fé°‘? r?”ﬁ)lhh?!ﬁ%%?%d%ﬁﬁb&?ﬂ%tmi*lﬂénqkseatheu n a downward

di rection, ast&RRKing Suspéhsioh Emitdp in HiCerAfnead O vARA! 1dali ves
relatively upvtvard %wast;/ 1§romtl eln oa%l beaer%nE-SOO gghdc?n% ?i@g{@nbal 308

upwar d such fhike disndriveamrhich ghiseabodimentis usrdoin azownwendidisaetion; ssisesnt he cat ch
ravel of't i G EAR SR 510 ety BVEL efihuel) ot Ao e d P
preventing ahgarrpii%pulhngihé gnmbaltaoo mpwirdsm tlgpt tHedbol36i5314Tdfehd hvbke B0 CKi |h ng

nment th k. [ he catch hol e events the
potential i EarE R Eread ooy e de il mSuniae P aprie B RE ot o
portion 308 e upWardgravdd af the @itnbel B06vgthi rBspect @y B load beam 300 thereby

preventing any plastic deformation of the gimbal 306. The interlocking engagement

20  of the hook tip 314 in the catch hole 312 prevents the potential disengagement of the
tab hook 304 from the mounting plate portion 308 of the gimbal 306 during the
event.

Another embodiment of a suspension limiter 401 in accordance with the
invention is shown in FIG. 5. In this figure, the distal end of a load beam 400 is

25  shown in a perspective top view toward a disc 108. The load beam 400 in this
embodiment does not have a cut out forming a hook. Instead, the distal end of the
load beam 400 widens into a reverse tapered end 402 that covers the side rails 404 of
an elongated gimbal 406, which in turn supports a transducer head 407.

A pair of fingers 408 is formed by downward bends at opposite corners of

30  the end 402. One finger 408 extends alongside each of the rails 404 of the gimbal
406. Each of the fingers 408 has a notch 410 cut into its upper edge. Each of the
side rails 404 of the gimbal 406 has an outwardly projecting and downwardly
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Anot her enbodi ment of a suspension limter 401 in accordance with the
invention is shown in FIG 5. In this figure, the distal end of a |dadPR 2004
beam 400 | wo2h4HbHWN in a perspective top view toward ap&igdeodfded The | oad
beam 400 in this enbodi rent does not have a cut out form ng a hook.

| nst ead, the ugdj i : 400. wi.dens i ntqg a reverse

t apered end 4021&?;%??%%38% t?&{}}}?geéﬁl%@m?i%a@%g‘é%& Ve %?%ﬂb‘gtoé'&l gi nbal
406, which i ithetadjacerd dipgeydd8 a transducer head 407. A pair of fingers 408
is formed by down rs of 30 the end 402. One

d bends at.o ite, cor
finger 408 extends ard §2‘gﬁ‘8‘%et38ﬁ’g‘gse%“é’ r“aﬁﬁ‘s“@ewntaﬁ@ngf%a| 406.
Each of the fshovgdmhedpikdinhat@ngigéstipoion of the 1dad beanh béhindiREhea8d@e. Each of
the side rails 404 %;G%V?fe i mbal, 406 has an qutwardly projecting and

downwar dl y 6 CHTHe AYE 40y thereasnoppterading bstvren the Sisgers 408 and tab 412
that proj ect shd gkhBd1abb.ywhs} e héludidragmbly i%ﬂfeldtoﬂ %er}%%l?ﬁ%%g Vamisp pol 26

adj acent finger 408. In this enbodinment, the |oad bea

support ed on Heragtiop npmrally betwsenthe firgers 408 erdlie gimbeal 406g Hgwever, ifmr t i on of t he
| 0ad beam belilai diBek6as 40 ' ' eabhgn: there is
no interaction betswecen th(sa%?)l lﬁ%gﬁg%@qgen%q{igglagn%éftoﬁg%e%gn t he

act uat or ass &otsl tie Jogd beamk40, &g, dovawarlipFIQ. Becagsingtha kide raile 404 oftthe act i on

normal |y Jhet lLinqer. and i | 406, However.. if an

ext er nal lgho oéld&qf)fsf&l%gbI@ggiqggnqeﬁse‘{og%P@tetgé)?%%da'a°‘f5‘fn%§het end to nove
away from t genbabdé. [Tha hvekad tabed 1. intethakingBretigige thel fingers 408 UBd Ng t he si de
rails 404 of the I mbal, 406, to follow The side fingers 408 |imt the
downwar d mv@?@ﬁf%g? %[m%ventgtpmgﬁ ‘ﬁﬂ(f'@.m bEHS dl‘?!ﬂﬁ‘ﬁ%‘ﬁg?%b‘? fg‘ﬁ@'s 408 er | ocki ngly
engage the f gnafiexcetblBe idck A evepsChes 410 to prevent the tabs 410 from
bei ng dislodged fromthe fingers 408 during excessive shock | oad events.

Anot her enbodi merdnasher smBodigent of s Fuspansipr EmitgHP1 imacqerdence witbdhoni t h the 15
| nventionsi S RBfie id doth fi FIE. g.l*ﬂﬁ&é erﬁma%énmé%aﬂ STmiYer ‘i&’th%t'/fgg\!vﬁ{n Bg. ! hat

shown in FIG 5 except for t Imter configuration. di st al
end of a | oaflexneplfrBibe limiterhonfiguration. Agsim ke digialicad of eldadbdm=00 t hat covers

1 She o gL Rl e Al 8 iP5
gimbal 506, which in turn supports a transducer head 507. A pair of fingers 508 is
formed by downward bends at opposite corners of the end 502. One finger 508

20 extends alongside each 6f the rails 504 of the gimbal 506. Each of the fingers 508
has a tab 510 that extends upward from its upper edge. Each of the side rails 504 of
the gimbal 506 has an outwardly projecting flat tab 512 that extends laterally
outward directly over the tab 510 in the adjacent finger 508. The flat tab 512 has an
aperture 514 therethrough that is sized to receive the tab 512.

25 The load beam 500 will be supported on a ramp (not shown) when parked
that engages a portion of the load beam behind the head 507. Again, during normal
drive operation, there is no interaction between the fingers 508 and the gimbal 506.
When the actuator assembly is parked on the ramp, there is also no interaction
normally between the fingers 508 énd the gimbal 506. However, if an external

30  shock load is applied to the drive, the head 507 may tend to move away from the
load beam 500, e.g., downward in FIG. 6, causing the side rails 504 of the gimbal
506 to follow. The side fingers 508 limit the downward movement of the -ginibal
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formed by downward bends at opposite corners of the end 502. One fi npe)xp& 2004
508 20 extends al ongside each of the rails 504 of the ginbal 506. Each o

t he forgerwddB113has a tab 510 that extends upward fronmpéfgsdepfags edge.

Each of the side rails 504 of the ginbal 506 has an outwardly projecting

flat tab 512 t I irect|y. over. the tab 510 in
t he adj acent %@2’83‘?@5‘@%%@ 5??'g#ﬁeﬁ%%%?;%gﬁﬁg?’g%ﬁfﬁ%rﬂéﬁmﬁa@n% %

t her et hr ough firigets 5P8 usder extessive sleck ioadings sy thartertichPtabsX$1 0 Bhrihghe beam 500
wi ||l be supported on.a ranp (,not.shown) when parked that engages a
portion of thageﬁﬂ%\saﬂﬂgﬁ‘?ﬁ" Jﬂé‘ﬂ‘&?tpﬁﬁgﬁ@ ﬁh%é‘?‘f'f%é%?‘ﬁ‘,“- diFsfs normal  drive
operation, thagsgemdnts of theabs S10lih He PGB SN brdGent ihe 4dE 31008n Bidg t he gi nbal
506. When the act ugtor assenbly is parked on the ranmp, there Ts also no

interaction rfbyeAged Fomdis fingarss dyring gaqessivrhodkilepdiaventyi nbal 506. However,
if an external 3Q s‘ii'l'lQﬁrlﬂxel'ﬁ@ﬁn@@eﬂﬁ&hﬁé@g%ﬁ&g&%ﬁsﬂggﬁ{ﬁm6bf'ﬁ1 head 507 may

tend to nove away fromthe |oad beam : - wnward i1n FI G 6,
causi ng t he dicepsdange with the present inyentign isshown BOIGL B This ¢robodirféneofthele fi nger s

508 Iimt th I, the agimhal 7.1 .2 .APR 2004 WO 01/ 41135
PCT/ US00/ 25456@‘@‘*0&8’“%;9?%’!{%{‘%&% ﬁ&el ‘{‘g‘b"'s"g?g@.‘““?ﬁ%°"t’%\%§’“%‘fﬂ F 9%Peyent ed
f rom di sengagdn F5. 3rescepf thatghe sispeiSonliditing dacked mab\ieforhalils thegadlbaigs by t he

vertical tabs_51Q e ri the .gpertures 514 .inter| [ t he t abs

t oget her fur irﬁgergliﬁag%g%ﬁﬂ?eaqah&dlﬁﬂémﬁ 8@3@‘@‘?@%@8&8%%%‘“&3@3?5 in the
apertures 514ogdrbean 600 islachdetinstabbdy tHaphas A Harkihgip@&03 batamshl badikut he fingers
508 during excessi.ve shock | oad events. A still further preferred

enbodi ment  ofXENSULBERETYIE Broae 6 indepparking ramp d2Qwhendhoinys 1088 present
i nvention is dekiewdizeliBs EIIOSH tiJhEIGThJ An QREALI Bbal 806 bdpBortd A\Mbdue&Xi Ng

suspension limter 601 o present Tnvention is Simlar to that shown

in FIG 3 exdesst608hsneathibe loadhramdi08.nThe load bear 680 basscpairalf spased or ned in t he
i mbal 10 t leStal f m 600 is
1l 105 2ot it RS s S e 0

shown in FIG 7. T | oa has a
parking tip ®&6dn therebetween. Jtha ginthati6t6hias sheetxhatal dody thatthasa pair éfisidg gr oove 604

I n the parKking,.r 20 en .t he lve 100 is. ergj zed as shown in
FIG 1. An e |f%ﬁgi€§'adlagﬁ%“ﬂ Fa‘%{%’e@g bgagrsygpog PPFioR 3@%@%‘?311 fEa¥Pe08 beneat h
the | oad beampoiof) 614 fthd Badhbdamapnn. 6Ok Kead 668 i aitdchéd to HiRameéside of the

head suport portion 618. The head support portion 618 has an upwardly bent

20  suspension limiter hook 620 formed at its rear end. This bent hook extends up
through the cutout 610 and over the web portion 614 and has a downwardly
projecting tip 622. The web portion 614 has an aperture 624 directly beneath the tip
622 sized to receive the tip 622 in a shock event as in the previously described
embodiments. The engagement of the tip 622 in the aperture 624 again

25  interlockingly prevents the hook 620 from disengaging the web 614 during
excessive shock events. The aperture may not necessarily be directly beneath the tip
622. The aperture may be positioned offset from a direct alignment such that during
such a shock event, the limiter hook 622 does not need to insert immediately directly
into the aperture 624, but may slide along the surface of the web portion 614 and

30  into the aperture 624 and catch during elastic deformation in the event. This offset
configuration between the limiter and the feature engaged during the shock event

may be incorporated as well into the other embodiments described above. The offset
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15 cutouts 610 and 612 above the ginbal 606 defining a web portion q1ﬁpﬁf200¢'
the | oad beamtherebetween. The ginbal 606 is a sheet netal body that has
a pair of vwode41188ils 616 and a central cantil evered hepgr/G4pped POrtion
618 beneath the web portion 614 of the | oad beam 600. The head 608 is

attached to indar.el de. of rt¢ _porkion 618. .The head
support port%%%55181ﬁ§’§%§}1n?%%%\§§%fl%§§%ﬁ§& eléu eﬁgkgfr@ﬁﬁ?mqger hook 620
formed at it fatuessucleashperfire §24) ehich isalekirabletdarinisthe pamy Unlead phockdde cut out 610
and over the %%HB%H an 614 aégod has a downwardly projecting tip 622. The
web portion & 2% Can . apertdr®¥8oa directly beneath the tip 622 sized to
receive the tip GnZummasy, hepfenit@éitioRmay Be VibReddsA\sueadion HRRe" | bed

enbodi ments. , The e nt of the tip 622 in the aperture 624 again 25

i nterl ock? ngfsy‘l’]b*f’ésg’?#i?oﬂe“%oﬁm"Hf@l)ff%ﬁfﬁoéﬂ%“éwg’éémﬁg supportpstsmblyd duri ng

excessi ve shpkdi@\@ie &uchlia 08PRerdi £riRYucBlead &6 3 djgzectly
beneath the t(iﬂp IIF622. §s‘iI!he aperture my blg pggi igﬁagaﬁg’f%g’gﬁof‘irog’m a direct
qr

al i gnment su® 98) igisnpperéed by @aimbal GHehcas 166,206, 306,496] 506i eri06hook 622 does
not need to j | Lt ' | rd.ur e 4, but may
sty TV 0 05

slide along the surt e aperture
624 and cat chheluspengjorelimit¢riinchuies olimiing orember (Such a162)204, 304, 417 5i 50t

configuratio the |imter, and the n during the shock
cvent b bk ¢28 8RR g oL B laf ppietshan LiGeil SoE 4B IR BEscr  bod
ﬁblove. The oﬁmégmbaB(sﬂch&sAmgﬁQGos,\dﬁh,%bG,fbHG@ a{?&:a6' gdgﬁo mgmh Qm}qmnge;mt

el ps mai nt close tween the limter 0 and the mating feature
such as apeﬁ@r%%éﬁ’:°V\%%gﬂ“§‘§\gﬁ5"sqftﬂé?ﬂ?"éltﬁﬁfpph@%ﬂ@#‘é{hﬁelﬂrﬁh%ad_ process
during powver lifigivMg membaoNR) 2040303, 41|z,rlsxaumbyagdttﬁbefe£ﬁx%§&@ﬁaéfh\éeﬂtz' on nmay be

viewed as a suiﬁ)ension limter 5é§uch as 151, 201, 301, 401, 501, or 601)
for a | oad b¥@n?iOnell,anéP4sinispiaekinglyengnss tg prevent disengagenant ofsh¢ such as 100)

wherein tr : . . 7 608) is
support egs bymgﬁglgﬁn%gﬂb&?@gge%&gi S%Th%%gog(%%%%,ﬁﬁ%&f?ég%c&ly’g?e fg%&se f ast ened
to a di stal mawindfdean apertirbésach 45366,1212,812,534, o2 624) id6fk; of 4Q0padiam or 600) .

Th i on.limter i.nelud Limiti , 204, 304,
15, 550 Uit ol R g ma e i PR patalBRr $9116. 200,
300, 400, S50fsintibnddQ0 pntexthe dparturg (siblods 212,81b, 518, dr¥d4) 18Qfoved06, 406, 506, or

606) and a fegature (such as 168, 212
) cﬁsengagemgnt %uxtxjng a shock event. The gimbal may have a curved hook shaped

20 tab (such as 412) projecting over a notch (such as 410) in an elongated finger (such
as 408) projecting from the load beam (such as 400) wherein the tab (such as 412)
engages the notch (such as 410) to prevent disengagement of the tab (such as 412)
from the finger (such as 408) during a shock event.

The interlocking feature may alternatively be on the load beam (such as 168,

25 or 624) and the limiting member (such as 162) may extend from a cantilevered head
support portion (such as 158) of the gimbal (such as 156) directly over the feature
(such as 168) on the load beam (such as 116). The feature may be an aperture (such
as 624) through the load beam (such as 600) sized and positioned to receive a
downwardly extending tip (such as 622) of a hook shaped limiting member (such as

30  620) during a shock event. The limiter feature may be on the gimbal (such as 202,
312, 412, and 514) and the limiting member may be an elongated member (such as
204, 304, 408, and 508) extending from the load beam (200, 300, 400, or 500). The
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312, 410, 510, or 624) on the other of the | oad beam or the ginbal Meg\pkrmm'
the limting nmenber 162, 204, 304, 412, 512, or 620) and the feature (such
as 168, 21WO0131B5 410, 510, or 624) interl ockingly engageutdrgsyent

di sengagenent of the 15 limting nmenber and feature during the shocE

event. More s ol | Gl erture (such as

166, 212, 31280 f’*&?*r*%“z‘?fﬁ Bifre b S hfbe, (TR pd 2 %gg"ﬁ&oﬂg&gﬁmﬁﬁa‘?" and t he
limting nenbeertiomef thegimbal (such ag 2080 368) a@d ibterlddinglpbfifing intG@Pgperngresi t i oned

to enter the S,.212. 312. 514 624) to event

di sengagenent éﬁ%{r%slr?gigl(g}%g@ktﬁeet\a}% ?ﬂ'onr‘%‘édhgff %%sa?r%rﬂglf?%%és%‘% G¥PEd hook
shaped 20 tab (suc’l’heéiﬁniﬂxilgajleqﬂfeohﬁyhicmgem/cﬂdir}gate&ﬁh (slhauﬁiuge%rM) ihn an
I ated finger .(suc ag. 408 rojectin romthe | oa eam (such as
iOS?QMer e%n %ﬁ%’d&ﬂi“("‘stﬁﬁa‘stégm)ﬂg‘fh ‘&?&é’@g‘y)f’g © It berm Gudtas 480 91 0) to
prevent di senyyeRBiidothe pital @ithcs ¥6dord86)* TR featuriihy K6 Jowhdafdn Such as
408) during a shogéutéavent. The interlocking feature ray alternat’ vely be

on the | oad bEEYARY( ‘PFhé§417éé“,tmlb‘5Fxéﬂﬂdi68ﬁPmMmh@(Nchﬁ‘l(ﬁgomnbe[] (such |
162 eonfiéhn [ | uch as 158

gfs the)girran%al (such&gﬂg%lﬁ%égb?g&%ﬁﬁ%% ie%g?l h?%%ru%}g%c%?ggs 168) on

the | oad beanbengatl thedab (such ps 412hcAltanatively, thaimbing membpemiyufushdrdavch  as 624)

o dl 1 o, B8EhePAREal-A Hlk: AR R UaPLrfind AP B3 b SRS i M ermer
(such as 30 6&@)hegimbalgsuah Mkwwlghiv.e ai[&tﬁergibwirn]\bﬁ?l_yfc_&ﬁ&dlfaﬁ (gﬁan%aéoe on L he

i mbal h 2 312.. 412 5 the limting nenber ma e an
g: ongat (egu?ren‘g@?% iy ﬁxégdng%%? ﬁ%&&f‘baig%?haagﬁ'&‘%ﬂ'gﬁ a"@ﬂ‘ﬁ"e‘f?%?ﬂl@‘q‘% t%e | oad
beam (200, 3Qfidtch48i2h a94109 @hhed ihfike anBthér dortiied AREY (ER &Moﬂ%ﬂeﬁéth the

PCT/ US00/ 25409 |imtin may have a hook shape (such as 204 or 304)

menber
for engagi ng 2otsHad (suchas@h2lof t he gi nbal (such as 208 or 308) and
interlockingly fitting into an aperture (such as 212 or 312) in the tab

portion (such as Z88limiteryAiith asi501) RS AinfilAEKeRYS Mat cobiifRiskd a{(}}jaiﬂd?g ”fn”t)ﬁ; may
In ro

I ncl ude an el gngat finger (such as 408 or 5{);&TF 5 exten

distal end ( atagga&ms chi3§508) extending frosm the distaherddsuch 28502 0bther  500)
I i de t ' bl

al ong si de t hgadHedbuch §%%ﬁg%g@?% elsgtgsﬁaf tlFeI %}ﬁbil?&ltcg IElseS YT . @

downwardly curved tab (suc era extendi ng fromthe ginbal
(such as 406)gimbal hasa pair of laterally extending tabs (such as 512) each extending over one
of the elongated fingers (such as 508). Each tab (such as 512) has an aperture (such

20 as 514) therethrough. The interlocking feature is a vertical tab (such as 510)

projecting upwérd from each of the fingers (such as 508) toward the aperture (such

as 514) in the tab (such as 512) immediately above. When the drive (such as 100) is

subjected to a shock load, the vertical tab (such as 510) interlockingly engages the

aperture (such as 514) in the gimbal tab (such as 512) immediately above to prevent
25  disengagement of the tabs.

Stated another way, the present invention may be viewed as an actuator
assembly (such as 110) for use in a disc drive (such as 100) to move a transducer
(such as 118, 210, 310, 407, 507, or 608) over a rotating disc (such as 108). The
assembly has an actuator arm (such as 114) carrying a load beam (such as 116)

30  supporting a gimbal (such as 156) at a distal end thereof. The gimbal suspends a
transducer (such as 118, 210, 310, 407, 507, or 608) and the assembly has a

suspension limiter (such as 152, 201, 301, 401, 501, or 601) for limiting movement
’ 10



conpl ementary notch (such as 410) fornmed in the elongated finger (such_ as
408) beneath the tab (such as 412). Alternatively, the limting erbBR 2004
may furthewolawnsslO anot her el ongated finger (such as 4R8uswtasdi ng al ong
side the ginbal (such as 406) and the ginbal (such as 406) would have

th d I . 12 teral | xt endi fromthe
gi bl (suon Toi p (el 135 208 6. 5 <o sk bup P BsSmebenmbit ol o)
fornmed in th@hnbubdtkrktgaalem@«e&ﬁocﬂciengﬁ.r’r[]](esduqhnmlﬂﬁﬁér@?mmm,m],e rrte)mot hﬁr
tab h The l.imter (such as 501 as a limting nmenber that
Compr 500 o ALY S 8f et t GRS meshenoich 5568 204,50 dPH AR o 1 he
distal end (oH610) fimddan otfofiRQoadibedf oPBE Birbalinl a3eannO Rlicldsq86, OPPOSi te
si des of the such as 506%15. The grnbal has a pair of laterally

' |
ext endi ng 3t aﬁgi’( ?ré‘ﬂ&asal“ﬂ’lﬂ“)é‘&é other efhie logd beaar (sutheas 186, 200,808 ongat ed
fingers (suclaogso6Q8500)6RMHE gindidl (S4GH 196 264 34,208, S%?tolq‘@gf)t%egeh% such 20 as

514) therethrough. The'interlocking feature is a ve such as
510) pr oj ec thedinitivgyember anhthe foturagntetldnkinglyrepgage t¢ prevint diserigdgmentonar d t he

aperture (su . | S s ,512) i mredi ately above. Wen
the drive (s&?ﬁeg%lt%g%enlﬁbgrHé&%ﬁtnggfh%ﬂ%ﬁlge S§°‘7§%°6’8‘%2- | oad, the vertical tab
(such as 510) i ntBlxd featinie ngly ynchidg ag grertide €such per6s) 212, §R2SH, 85628)#) i n t he

gi mbal t (suc 512) imedi ately abhgve to prevent 25 disengagenent of
the tabs.allBSt 8?%%@%8%%?@%@%&%@%‘%% PR R YRA R EFBned as an
actuator assesylg, 3(4530, 62622) h0sitidrReal tokmeer tHe aperfirSGudl 45 166,23232,as 100) to
nove a transgij‘fggwgsuch as, 118, 210, 310, 407, 507, or 608) over a

rotating dis lopravsah disengagement during a shpckeven. a'@lelsaﬂﬂl (saehes( such as
114) carryi naasa:okgggl mggbﬁﬁmomaﬁém? éﬁcrﬁaga@@rsﬁ@@aitng ogerg%lch( such as

156) at a distal thereof. The gimbal suspenc ansducer (such as
118, 210, 31(uckoA10p0m elongasddingen(sich he4083 projebting fiem the loadbspernsi on

15 wpr 9804008 BP9, 788 bt eiptbee 7 ouabl b B png B oLl b B " 06,

306, 406, 506 finger@ding 4 shopl exatntAldmbitively thedentaé (subleas 168 6b6d4) thay i Ng an

excessi ve shpck even Th us Si limter, . (such as 152, 201, 301,
401, 501, org%?}‘l‘?“ﬁ’ﬁél’?f&bé“ aﬁ?ﬁﬁqﬁﬁ@wg%&mlp ﬁmB?(%gj“s #1304, 408,
508, 620) extends from a cantilevered head support portion (such as 158 or 618) of the

gimbal (such as 156 or 606) directly over the feature on the load beam. The feature

20 may be an aperture (such as 624) through the load beam (such as 600) sized and
positioned to receive a downwardly extending tip (such as 622) of a hook shaped
limiting member (such as 620). Alternatively, the feature may be on the gimbal
(such as 166, 212, 312, or 514) and the limiting member is an elongated member
(such as 168, 204, 304, or 510) extending from the load beam (such as 116, 200,

25 300, or 508). The limiting member may have a hook shape (such as 168) for
engaging a tab portion (such as 162) of the gimbal (such as 156) and interlockingly
fitting into an aperture (such as 166) in the tab portion during a shock event.

In another embodiment, the limiting member is an elongated finger (such as
408) extending from the distal end (such as 402) of the load beam (such as 400)

30 along side the gimbal (such as 406) and the feature is a downWardly curved tab (such

as 412) laterally extending from the gimbal over a complementary notch (such as

410) formed in the elongated finger beneath the tab. Further, the limiting member
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or 620) formed on one of the | oad beamor the ginmbal and a feature} @SAPR 2004
as 166, 5 212, 312, 410, 514, or 624) on the other of the | oad beam (such
as 116, 20wo03@03s 400, 500, or 600) or the ginbal (suchc@mgsedSfage 204, 304,
408, 508, or 606) wherein the limting nmenber and the feature

i nterl ockingl / | . Limty menber and
feature duri %ay?ﬁ%ﬂ%%%%@éﬁé%@@&%ﬁ&@%&ﬂ@;@;t%dﬁ %O nocqt' B%éh sztiag]elédp@ ure (such
as 166, 212, a3402) ofth¢ loadibe? sichi as 40Q)Alonp eppmifsité dideslobthe ginstad(406). gi nbal and
the limting nmenb nay have a.tli uch .a 168, 214 314, 510, or 622)
poSi t i ?ngq tgﬂ;nt g&:ﬁ%;&ﬂgﬁ?ﬁji &é@%@iﬁ%ﬁ?’e?i’_ﬁ‘f g‘f‘fs}:ﬁys’gﬁ‘,‘d"& h62421023 ;)
prevent di sengagank ach gxténding @ ér oay 6 1 ed! fihbe: as

may have a cur%&o K %h ed tab (such aseZéa;prﬁgjgec%iﬁp%ogg)? a notch
(such as 4103 ueh a3 bgtq’éﬂn”’h@j’é‘fmrféﬁ&@h”éé“ 67‘“{9:“5?-&!%8%19 fromthe

| oad beam 15 efnbbitheAtSthé falure it B 9ertiad? 1B 18RH 85510 i Y
di sengagemente of tﬁe tab fr%lm %ﬁe %i Eger dur?ﬁaj}g&tgllggv% even'%l.g'L

Al t er nat i vel Pf thefidgeratuclyas SP8)eward the ppatury (56has Stlyn thy tabgmmediatelyoad beam

(such as 116 ol Pl . 6 ) extends
froma canti Iag(f/vg ?‘g‘g)"ﬁggﬁe‘;s@g%'lé‘ﬁ& Jf)% rg ?}ﬁg?gﬁg{%édégQf@%ké?a%ﬁtﬁyerg%?t he
gi nbal ( such tab{such@s 510) BoGlockingly engagesthempertire (shetpds\5i14) inthetgirabdl tsdd beam

The feature . an rt.ure, (suc S 624 hg.ou he | beam
(such as q@ooig‘g@sdag‘r‘?@md%%g’( ke wipreht digntiganert AERH AR, {ﬂ‘ie}‘ £ 30! ng tip
(such as 622) of hwilbbkcledvetaetie pleient invérgionRiatiradiedcd afisin R Qhds
Alternatively, the feature b? on the ginbal , (such as 166, 212, 312,
or 514) and “P‘?f?&eﬁmj‘“ﬁ’é‘g‘%rwﬁ?s s%%@ﬁ%‘%%’é?”’@%ﬂh as 168, 204,

304, or 510) pRfdrRadinBedimERHad teen 4Ra5hel S Pufposts Bf A dlstRsureQRrios® 300, or
508). The linmting nenber may have a hook shape (such as 168) for

engagi ng a t &kAnBerand sedifisations may hemydegrhihyase welhwihin thpseopeaf these) and
| nter| 0cksNObisent invbdidel 'Fot CraiBIcPRE! HEE diteHE AR alblhertd shadEs B, POT LT O

during a shock event. In anot Iment, t 'I'm™ting er-is an
el ongat ed fi heenvisiongd thap bavede@)describedhationgy Theotip 6220f thedoak 620nmay such as

402) of the |oad beam (su S 4 30 .al on ide .t he.gi | .{such as 406)
and the feat h?vg 4 sguae Mﬁ{i&rsgﬁ? rqﬁ%\?@ﬁ tlgeacgn%gﬁeﬂsshggnﬁiigg??ag‘é? ally
ext endi ng f r featirdwhatgs mtealocionigdy eraged bp HRTRB22 0Fthe Gbsk620 Ik beagidgdt 10) f or ned

in the elongated fjnger beneath the_ tab. Further, the limting nenber 11 1
2 APR 2004 %Wa&liylg@t opgHeyresr afyhe web 618 rather than an aperture 624.g

20  Numerous other changes may be made which will readily suggest themselves to

those skilled in the art and which are encompassed in the spirit of the invention

disclosed and as defined in the appended claims.
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may conprisee a pair of elongated fingers (408) extending fromthe distal
end (such as 402) of the |oad beam (such as 400) al ong opposite sL%eg Efﬂmk
the gi nbal (406). The ginbal (such as 506) nay alternatively have p F

of laterally extending tabs (such as 512) each extendi ng over one of the

el ongated fingers (such as 508), 5 each tab (such as 512) having an
aperture (such as 514) therethrough. In this enbodinent, the feature is a
verti cal Whatischiiitned is3s 510) projecting upward fromeach of the fingers

(such as 508) toward the aperture (such as 514) in the tab inmediately
above whereby when the drive (such as 100) is subjected to a shock | oad,

the vertical ALadehs ? | I ;ll) ages.the aperture (such
as 514) in the g%ﬁbawpa ¥§)} g%%dr};egfsn ag@ eg(?%#?@§ﬂ%§%@l%%§/§€? QHY)er event
di serfgagenent whireinharanadheef beadts auppbited by a ktmbil Fistdded € £aistal bt oft e
present inventi is well adapted to attain the ends and advantages
menti oned as ~ Wiile a presently preferre
”1\%? Pe% “E%%@Beqs‘rﬂ%é’rn@:‘ﬁf CORERENg: | f d
enbodi ment has beeA 1igaggg eRfbel RIMBYGRS ipSalioR AleOSHbSL anddyi OUS
changes and nodi ficati ongs rrayebe made mﬁécfﬁﬁéa%éga\?/g?lﬂo\?\nﬁhﬁ?ﬁ%? aél\éggope of
the 15 preserfngpgamant fegture pptheeotberplf ¢he lnadieant drethe girfibadyamdt hook and
aperture shapes envi.si,oned than have heen descri bed above. The tip
622 of the hook g%eaﬁlg?or lﬁgygclgnélagggaeglqgrtﬁsgtmg%% _E‘éa‘}déhﬁﬁe_ra“{rﬁ% t he
curvéd tip aspreveandiserabérent 6f the1emiting MemitRr hititeatuSe Hﬁﬁrg 4 Qﬁ%k Bny. engaged
by the tip 622 of the hook 620 nay be a ridge or upwardly bent tab al ong
the rear of the web 618 rather than an aperture 624. 20 Nunmerous ot her
changes nmay b nhis ' [ thengel yes to  those
skilTed inZtHe Sggﬁgﬁsé%h‘\%ﬁfc °Egrd{esggﬁgé¥r’5‘§%§’g§§%‘h5d{‘%"é 3?)4/ s;sppRarted by a
i nvention digimbaldestewdo aslisisifend efla icadibeamp@p eipeasion Riniter cokdprisirdg: APR
2004 What is clained js: 1. uspension limter for a |l oad beam and head

A
support assenbly i H&lt'algg’&%mr eg aprnee of thedoad basguercbe giekal and suppor t ed
(EEREREEEA et

limter conprising: Alimting ne on vne o e eam or
the gimbal and an engdieitivgmeiter durngrmshonk evdrtevheréintone of thedinfieiagn or t he

gi nbal ; and neans for int rIocgin en ing the limting nmenber and the
feature to 10 prevent W@%ﬁﬁ@a ngﬁ%uf?flg?alﬂ@esla\nrﬁpf"l’t% that serawel ¥ gpgaeent ur e
during a shock event. avertical protrusion on the other of the limiting member and the

feature to prevent disengagement of the limiting member and the

20 feature during a shock event.

3. The suspension limiter according to claim 2 wherein the feature is on the gimbal

and the limiting member is on the load beam.

25
4. The suspension limiter according to claim 3 wherein the gimbal includes a head
mounting portion that extends above an opening defined in the load beam, and
wherein:
the feature includes the aperture formed in the head mounting portion of
30 the gimbal; and

the limiting member comprises a hook formed from a segment of the load

13



2. A suspension limter for a disc drive wherein a transducer head is
supported by a ginmbal fastened to a distal end of a | oad beam tHhe? APR 2004
suspension limter conprising: a limting nmenber forned on one of the | oad
beam or the ginbal; and 15 a feature on the other of the | oad beamor the

gi nbal for contacting t limtin nber during a .shqck event, wherein
one of the linmiting ne the okﬁgtefqg%@rguéih@le geing detifsdrin thedoadh at
securely engages a verpdagdndihelbdingia itfoh&d S8VE thed F §chi
menber and the feature to prevent gi gign%ggerrent o? th eﬁpﬁiﬁto%ér%“rsggnber
and the 20 feature duri$gagingthscaperyierduring a shionk evespensi on |imter
according to claim2 wherein the feature is on the ginbal and the
limting nenber is on the | oad beam 25 30 4. The suspension limter

accorxdi ng to Theaiuspsivhdingiter atdvedigp tdélhin 2 & Heekes tha HoBRGhclwgReNt i Ng portion
t hat extends above ﬁn openi ngx defined in the | oad beam and wherein: the
feature includes thershifgment extendingHompne gide ot the apsnimgidefingsbinttholeadf  t he

ginbal ; and the I'imting.pe j froma segnment of
the |oad 13 1 2 APR 2004 bégﬁéhqﬁ? Sepencvent é‘ncﬁ%ga‘géiﬁg’g%‘é%“‘f‘f? alEni ng

defined in the | oad bedwvaaglanaof thediloml Beati; pngosi ti oned above t he
aperture for securgel ngagi the aperture during_a shock event. 5 5.
The suspension Ii ﬁi%?“i%gggapﬁﬁe%&&ﬁ%ﬂww %ﬁ@ia@f‘ﬁffh?éom,ncl udes: a
firsw segment extendi nowhdrimt ookl thFis AbfitddCat AR ERA Bﬂthggédo'ﬁﬁ%%rﬁ' rftlgg | oad
beam the first segnent bent at a right angle to extend verti al y above
a plane of the | oad bedhft the\bock tieis positionsyhaver thexapenttie iy theabsdrcebf 40 t he
pl ane of the | oad beamsthéaig%ﬁ{ ein the hook tip is defined at an end of
at t

t he second segnent so € hook tip is positioned over the aperture
in the absence of a shock event.

6. The suspension limiter according to claim 4 wherein the hook comprises an arm
15 extending from one end of the opening defined in the load beam, the arm bent at
an angle to a plane of the load beam so that the hook tip is positioned over the

aperture in the absence of a shock event.

7. The suspension limiter according to claim 2 wherein the feature is on the load

20 beam and the limiting member is on the gimbal.

8. The suspension limiter according to claim 7 wherein:
the feature includes the aperture formed on the load beam; and
the limiting member comprises a hook extending from a head mounting
25 portion of the gimbal upward through an opening defined in the
load beam, the hook including a tip positioned for securely

engaging the aperture during a shock event.

9. The suspension limiter according to claim 7 wherein:
30 the feature comprises a vertical tab extending from the load beam; and
the limiting member comprises a horizontal tab extending from the
14
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6. The suspension |imter according to claim4 wherein the hook conprises
an arm 15 extending fromone end of the opening defined in the | oad beam
the armbent at an angle to a plane of the |oad beam so that the Ho@kAPR 2004
is positioned over the aperture in the absence of a shock event. 7. The
suspension limter according to claim2 wherein the feature is on the | oad

20 beam and the |initi ngimbehtierhdrizontal tabdefyhing de. apefiud.fol@euls pensi on
limter according to claim.7 vmaerei.n' H)h feature includes the aperture
formed on the | oad bean('8aH08 Hfvertical {4 rfg‘nﬁéﬁ’t?E‘PCkﬂﬁbtr-i ses a hook
extending froma head nounting portion of the ginbal upward through an
opening defined in the |oad beam the hook including a tip positioned for
securely dRgHef swgpensiondiseiter aeeording toglaim 9 whekeie theritorizOntalthle estedrensi on

| i mtser accorglf | erein:. .30 the feature conprises a vertical

tiatb esit endi ngwrr?%rl’r%& S’Iﬁ)g)a’?dofa}zag‘l?\é%ﬁ? ni’fHHtmgPl PR HF'?’Frgﬁnhéﬁ%}éPg'qu% a

hori zontal t adefiewd ante derdfteam, thedofidorkala\BRt GRS aQLAR of,tﬁé"&a{i' Bg ont al
a

tab defining the aperture for securel engagi ng the vertica uring a
shock event. WngpfBockeysahand the veriqablabgsicodingtyough the apemige dofimegl n t he

hori tal t | I head ti ti f
the ginbal ot aniatubih bieiEhodhe HEAREY [ ol ORR Ral o si S onc ol ©

tab cont act i mpeninguefinekinahe tdad bbamaduliegashatireverg. a shock event, and the
vertli cal tab extending through the aperture defined in the horizontal tab
to plpevent the horizontal tab from being pulled through the opening

def I ned | 1 111Pnd brRA Tl bikording RPAnEY Slbreird0 11 The suspensi on

limter according to claim9 where ture includes two el ongated
fingers extendi ng the fratpre ppbusies tvaeldegatedfingeheexyéndira aloepeppositosigat ed

15 The 11m ting momber §EY B £65 FOMeRoH IR naGEa AR GRoLt et d {1 om

extending upward toward the gimbal; and

15 the limiting member includes two horizontal tabs extending outward from
opposite sides of the gimbal, each horizontal tab contacting a
corresponding one of the elongated fingers during a shock event,
and each horizontal tab defining an aperture positioned over the
vertical tab of the corresponding elongated finger for securely

20 engaging the vertical tab to prevent disengagement of the

horizontal tab and the elongated finger during a shock event.

12. A disc drive having an actuator assembly for moving a transducer over a rotating
disc, the actuator assembly comprising:
25 an actuator arm carrying a load beam supporting a gimbal at a distal end
thereof, wherein the transducer is suspended from the gimbal; and
a suspension limiter for limiting movement of the gimbal relative to the
load beam during a shock event to prevent deformation of the
gimbal, wherein the suspension limiter comprises:
30 a limiting member formed on one of the load beam or the
gimbal; and
15



opposite sides of the ginbal, each horizontal tab contacting a

correspondi ng one of the elongated fingers during a shock event, 1 o APR: 2004
hori zontal tab defining an aperture positioned over the vertical tab of

t he correspondi ng el ongated finger for securely 20 engagi ng the verti cal

tab to prevent di sengagenent ftthe hor.i zont al b and t he el ongated
finger during a shock event .2 BAtugnon te ofhego ﬂledﬁ)z} apLer; they gimpab faryat or

assenbly for noving a transducer &Qwektifg fRlkitiRg eﬂig@gduﬁn{é aekiat or
assenbly conprising: an actuator armcarrying a fSad beam UppGrting a
gi nbal at a distal end thereof, QMQetnmhnretm@ldofaI@lﬂmﬂﬁrgmanw&ndlﬂd:ed from

the ginbal; and a suspension I| ter for venent. of the ginbal
relative to the | oad beam during % a‘EWdB@“@ apf"ggr;?%é?ﬁ“rﬂ&eﬁgwﬁ Aon of

the 3ginbal, wherein the suspenswmdalmohaéloﬁ@me&ﬁé«of@héhﬁlt ng menber
formed on one of the | oad beamor the ginbal; and 15 1 2 APR 2004 5 a
feature on the other of the |oad m@ah@r@ndtthvefegmmmrmmdlmgagmem t he

limting nmenber during a shock rej mtlng menber
and the feature includes an aper ure ?ﬁ%@%‘@%?%‘ﬁ}a’&%&@’eﬁs UMEdart i cal
protrusion on the other of the |ishotk&@gnt.menber and the feature to prevent
di sengagenent of the limting nmenber and the feature during a shock
event. 10 13. The disc drive according to claim 12 vvherei n the feature is
on tlse gi M3l T Wsd difve dcbdfdingd cfﬁﬁHﬁQ whePeif fhe tf@&u}qug gfﬁb}ﬁ ind the di s¢
drive accordlngto claim13 V\/nerelnt e gl I'ncludes d d rmuntlng
portion that lEnitiagaeenzhesisconsthe bypdbeay. defi ned in the | oad beam and

14. The disc drive according to claim 13 wherein the gimbal includes a head
mounting portion that extends above an opening defined in the load beam, and
15 wherein:
the feature includes the aperture formed in the head mounting portion of
the gimbal; and
the limiting member comprises a hook formed from a segment of the load
beam, the hook extending through the opening defined in the load
20 beam and including a tip positioned above the aperture for securely

engaging the aperture during a shock event.

15. The disc drive according to claim 14 wherein the hook includes:
a first segment extending from one side of the opening defined in the load
25 beam, the first segment bent at a right angle to extend vertically
above a plane of the load beam; and
a second segment extending parallel to the plane of the load beam,
wherein the hook tip is defined at an end of the second segment so
that the hook tip is positioned over the aperture in the absence of a

30 shock event.

16



15 wherein: the feature includes the aperture formed in the head molird iARR 2004
portion of the ginbal; and the limting nmenber conprises a hook forned
froma segnent of the load beam the hook extending through the opening
defined in the load 20 beamand including a tip positioned above the

t f i he rtur uring a shock event. 25 30
T The ai o8 FRFUECUtye FEORHN G ARersih Breiohlhbriaean ) udes: o
first segnentexﬁmﬁlﬁtgihblgohéemQMe%bQﬁn%Dﬁeﬂdéail‘Pﬁﬁ%dlgb tHEfm Hﬁe | oad

g

beam the first segment bent at a righ an&ghlee to extend’'vertically above
a plane of t & nglstolane of ke load beasn so thetyile hookesip daplisitpnpdivedritke to t he

pl ane of the %pgﬁgrqu%gabsﬁ‘teb‘éro?ia@hé&eevgn?@k tip is defined at an end of the

second segnent so that t hook t1p I'S" positioned over the aperture in
the &bsence of a shock event. 16 12 APR 2004 5 16. The disc drive

accordi ng | ai.m 14 wherejn the hogk conprises an arm extending from
one end of tl?‘h'@leo‘%ié“réhvgf ageprdmedo climpe whesin thefegturerie on the loathbeam andan angl e

to a pl ane Ofthéhﬁliﬂiﬁ?ﬂ ﬁﬁé’ﬁk%ﬂtﬁer%ﬁn he hook tip is positioned over the
aperture in the absencg of a shoc le’%}lént. 17. The disc drive according to

claim12 wherein the feature is on the |load beamand the |imting nenber

is on the gj | ... 18. The disc drive_acgcording to claim17 wherein: 10 the
feature i ng?[f@%%sdli%‘g“’a?&&?qfawé%?8@%@3%‘{3’6{% | oad beam and the liniting
mentier conpri ses ah@waku@ﬁ{cﬁm&ﬂﬂaﬁém%&%%n@&%ggg%gpﬂdt' on of the

gi mbal upward through an opening defined in the am the hook

including a tip pdb¢limifingomembersomprietsya haokgatsndingtfiam ahead moentihgr i ng a
shock event. portion of the gimbal upward through an opening defined in the
load beam, the hook including a tip positioned for securely
engaging the aperture during a shock event.
15
19. The disc drive according to claim 17 wherein:
the feature comprises a vertical tab extending from the load beam; and
the limiting member comprises a horizontal tab extending from the
gimbal, the horizontal tab defining the aperture for securely engaging

20 the vertical tab during a shock event.

20. The disc drive according to claim 19 wherein the horizontal tab extends vertically
upward from a head mounting portion of the gimbal through an opening defined
in the load beam, the horizontal tab contacting a surface of the load beam during a
25 shock event, and the vertical tab extending through the aperture defined in the
horizontal tab to prevent the horizontal tab from being pulled through the opening

defined in the load beam during a shock event.

21. The disc drive according to claim 19 wherein:

30 the feature includes two elongated fingers extending along

17



15 20 19. The disc drive according to claim17 wherein: the featur]e i
conprises a vertical tab extending fromthe | oad beam and the IinztAPrf@mU’t
menber conprises a horizontal tab extending fromthe ginbal, the
hori zontal tab defining the aperture for securely engaging the vertical
tab during a shock event. 20 .The _.disc drjve according to claim219 wherein
the horizontal tab ext eépé’gs\%esf'{[eis&g%ﬁgmld‘i’ﬁinﬁ?@ ongsicd tgsringydingiang porti on
of the ginbal through averGeaibtietafneip%ard PwahPibRRdbie4m the horizontal
tab contacting a surface of the | oadgglgam during a%gﬂbaghoc event, and the
vertical tab exterfff HEniting weghet ineludesemolhosizomal talekxitendingeoutivardi frsmt al  t ab
to prevent the horizont ab . from.bei.ng pul l ed throu t he openi ng
SHoghryidds STkl Bach FosronGhiEb aprdectipBioye

defined in the | oad bea uring a
accoriding to claim19 woeerspondingbnkE tHeadbrsaRdifietHIRGink WRh&kALat ed
fingers extending along 17 12 APR 2004 5 _oﬂpgrposi it’h(eg Si des_%of t he g?ttr’rbal ,
each el ongated finger iddicaeh heyizental abidefiningtag spersire pdsitionadmver thet owar d

the ginbal; and the |i ngal %E‘Bﬂef i rizont al tabhs extending
outward from oppositems?i}ﬁegtaof t ecogggé)%ﬁﬂ&%eegc a%glfing%ttogﬁe% Ycont act i ng
a correspondi ng one ofenghgingthengsaticatitabito peventdiisehgapementéfke event, and
each horizontal tab definin n_aperture positioned over the vertical tab
of the corresponding elflﬁ’r'?éﬁﬁ a??ﬁ@@?#%a@ééﬁgﬁ@nnéﬁg‘hmweﬁhe verti cal
tab to prevent disengagenent of the horizontal tab and the el ongated
finger during a shock event. 18
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