WO 01/ 41135 PCT/ US00/ 25409 SHOCK LI M TI NG SUSPENSI ON FOR A DI SC DRI VE
Field of the Invention This application relates generall ¥, to disc drive
dat a st ®iEYeESvi ces and nore 5 particularly to a shock PETHSE9/27409
suspension for a magnetic read/ wite transducer in a disc drive.
Background of the Invention Typically a ginbal assenbly at one end of an
el ongated flexure sonetines calle ensi on nmenber
supports the head ov&PCKN"datY P%PCE%F%%(}OQEA&%F% D?j\??d\?e. The other end of
the flexure or | oad beamis securel_e?( fastened, ,usually by staking, to a
distal end of an actuator arm t haki€ldof thedpxention, ;¢ i oned adj acent the

di sc or stack .di I i L V8: i i 40 sed in
t hose disc dr ?@8% aﬁ*@i@"g‘ﬁ%é“ﬁ‘ﬁ% %%%’E?ﬁt" ﬁéelalrsgggf %??g%?%égn%gﬁgge%é&gr&@heads of f
of thesdi $68iQMhB &heltock ShitiRasphBidntbea dhpteid sad/wpitcridsjuei imer in a
power saving node or deenergized. 15 The suspension limter functions to
help |ift discedrhead from the disc during head wunload to the ranp and to

prevent excessive strain on th % nbal dF n unltoad and prevent excessive
strain if the drive is subjectmg—‘ﬂ’—"ghir éb—haé‘—\%e SRR le the drive is
deener gi zed or HDiGIRWEMbAPKSrD a1 8ferld 6t NGt aRIGIRAR donRmiamksOf f of the

disc. The end exure carfrying the head i's suspended by a tab
ext endi ng chlaia 1dad beaf drrsaspeasion afenitee sippexis the licad over the datafdincried i n t he

parking ranmp. The head is supported by a ginbal attached to, the | oad beam
t hat p@r mdise drive. hbaethenens Qfg]he flgxayre Ohﬁa‘%gﬁﬁl %ﬁ?refﬂésﬁp%f‘s%l?'nt on the

gi mbal . The ginbal , ik ' .1 NeYign a shock
load is a 5lsﬁ%n$’5°?ﬁgst%§elﬁg%¢gcetgé{&pr| vefgt{skrle aggﬁ)c{sgﬁrglgl?ﬁ n%lve away from
its supporgidcng seickiEldiscAirstAe dlsc ldrive t Stispefsidb lifniferscat hiyedan thosedissi on tab on
the gi nmbal which, when the drive is placed under a predeterm ned external
shock | oadrivesdemjaeddo perk the readiwrith eransdugers or beads eitoiibafisenon pekslent
excessi ve novenent of the ginbal that would otherw s | asti y deform

t he gi nbal°f 4@ p thg ‘%mfen‘g EHCRY qxtgsrdniago%g%ve{ﬂg f"é’(ﬁe %f ﬁ%enlelf:g?[% ‘Jtd'er may be
tw stgd o QALEARR tuitiohs f1R1p ARG OEAM frodR thetligsdirfgdfb@r mat i on of

t he gﬁgmarithr?asggpreglgu?t. 30 I'n lad%:li ti OI%], once the Iim tler IS gg}%sengaged, t he
limiter mawldadtte therampnindio pravpetrexcessiverstrain @rthegimba dyrinpahloathend t he shock

load is renoved. 1 .. .. . ) .
prevent excessive strain if the drive is subjected to a shock load while the drive 1s

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, when 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.



WO 01/ 41135 PCT/ US00/ 25409 Accordingly there is a need for a shock
limting device in a disc drive that does not disengage the qginbal under
any ant "9 pE#1d3F shock | oad condition. Summary of the |m¥§ﬁ(‘%8?(2§ia%u nst
this backdrop the present invention has been devel oped. The present 5
invention is a Rb‘é‘d?@iﬁ%lyckﬂeﬂehé‘hh@éd fobakh@slirhitivngldeviee gpgaisc drive thaer | ocks
wth a feature of the’l oad beam supporting the ginbal, or vice versa, that
inturn suqlrpmmbtsdlsergagcﬁacg‘imbaltlmdmmmcmateﬁéhm ﬂ@uﬂ@ld(!il%ngagenent of

the limter during a shock event One epho |rrent1. of the suspension [imter
in accordance with the pr esent i%@ﬂﬂ&ﬂ%ﬁi&—ﬁn——%tl | evered arm ext endi ng
fromthe ginbal RPIVERDNas b delopadl PBR@pPReserte di st al
end of the canti %%@étrtg arm%}a?l ﬁsgoﬁl sh apél gﬁd ati pdﬁadapt eg?to

i nt er | ocki igkntiodrigagaspensiap dinditer ehat poditineelp emgaigenorafterlockd will alfesdwnedi rect | y

beneath the hooked end of the arm O her. enbodi Efnts have a hooked tab that
i nt er| ocki ¢fghg @ﬁ@&gwuappra}aéﬁhq&l@ ah pPh¥ice vErsprRatgn FFBﬁlsuﬂ?orFﬁ’ée | oad beamto

the | ond ERI e Sast Rprti el el R A LRER AR, MR AR P om

the | oad b@ﬁ%r\%@dhr%ﬁ@ﬁtﬁb ‘é@speﬁé?@&Kmht@ﬂﬂxsacaélﬁaﬂépillltledletpﬂes‘ehﬁndémm These
and various other features as well as advantages which characterize the

present i nivsrtdaotilewetetl atre easpdingitont thergimbaldhati extpnds pvereparten efihAg
detail ed descripti revi ew of.. t he .ass Qci & awi n Bri ef

Descri B |o]r‘?a‘ii’e%eolﬂieé{iﬁtﬁlg?d?éﬂﬁ“(‘Z‘\m‘?vfzré?dénﬂ ﬁﬁabi)‘gwq@? ‘giaég drive

I ncor por at Bberfre irf hE pOHRMITIhOMal bBirh Yirett
accordanc é(%lg t?%ﬁgﬁreggnfgﬁ%%gﬁl £(’)?1 srﬁtl)vvl ngrg) the pri mar?y i nt err ngll
conponent sbenEht&the?hmcﬂcealenebf theged. rhapediddusents Bavesf hadked thibsthal end of a
| oad beam and transducer head assenbly show ng a first preferre

enbodi ment Ing¥ Oﬁh@gb’tﬁéﬁgé%@a@rﬁpe@yel@ltﬁﬂtlér‘h? gmpat oy ths ipad Wotlﬂtérfg‘iees ent

i nvention. i.S_an r d of the
| oad beam ‘5}% é’é‘ﬁ péevgg %%ﬁkﬁgf@%kgﬁgfﬁ@gf@rn; Tg%elo%%ﬁ%ﬁﬁ lﬁlltg of the
suspengd oNjihitHgiRE trhvkl oamed@aﬁ@ mam aﬁvbﬁﬁﬁﬁﬁt&‘a@ﬁﬁad%ﬁﬁﬂbh@fbxc&s&e 4 is an
enl arged perspeéective view of the %I stal end of another | oad beam 30 and

head assendhoyk &adsaregpaliedhiorttic dtizpe Adiessnand varipws other Eeseschart®l a%i th a third

preferred ec{”rb Otg:ggqe wni[nc}?]::hz}rgcete zet gggeslen %Syetntlon will be apparent from a reading

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.



2 WD 01/41135 PCT/ US00/ 25409 FIG 5 is an enlarged perspective view of the
di stal end of another |oad beam and head assenbly showing a fourth

pref err 8O BHHA3 ment of the liniter in accordance with thZTﬂgSépg/éﬂm
.nvention. FIG 6 is an enlarged perspective view of the distal end of

anot her | oad bepfp $isandnhifad RapesieWish orinRdistalldnfiloh aRsBESOEEBeaIDOdi ment
of the suspension limter 71n accordance with the present invention. FIG 7
is an enl asgEtkapessprbty shosving evowth prafermdd strbbdierant of thg lingitet ibeam and  head
assenbly showing a sixth preferred enbodi nent of the suspension limter in
accor danceafPrdaneqwith thergsent HYEMIMn al so shown in FIG 1. 10 Detailed
Description A dj 'l I : i ferred
embodi fentof [ Rt B hEAHRdFRRPRANENEE RTURERAIRILE phbl RBFLBEE ® e 100
i ncl udes aahAsRd HORmblPshdwiag a Vidthi ppeforred epbodintent of the lsespdhsion Hmitee 100 ar e
mounted. A top cover (not 15 shown), cooperates with the baseplate 102 to

f orm an i ninscperidancsaitie the@ngsenignielion. f or the disc drive in a conventional

manner. The co ts include a spindle t or. . 1,06 ;t hat one or
nore discs 108@&?‘88}}@%&%%%996 P& Ph gr(frlrsé ie%ﬁoqggom%%dto and
read from fLacksnily Eﬁkﬁviﬁg%%fxtllB&féﬂd@ﬁ%bd‘hﬂéatﬂﬁ%@us@éhsﬁﬁltluﬁit@—rin assenbl y

110, which rotates during a seek operation about a bearing shaft assenbly
20 112 posadcbnlaack with sloepresenhmventsmsalsshowrhie FAGt Lat or assenbly 110
includes a plurality of actuator arnms 114 which extend towards the discs
108, W& h one or nore flexures or |oad beans 116 extending from each of
the actuator arns 114. Mounted : i end of each of the flexures
116 is a head 118 that i ncl udesnguiﬁlifpuq)%gljp?hg slider enabling the head
118 to fly in chas @ivexion doystaledanaberdaice e front prgfeddd smbbdineenof t he
associ ated disc 108. During a seek operation, the track position of the
heads 118 ¢fthe preasew|inemtion i oym 1 FEGukelhsrdise dryieckd0anelndess base 10N 124,

whi ch typically, includ il.. 126 att d t t mbly 110,
e vl 1 ety RS huPnEm h AR AN I i obkiiEa SR B RBler SRR Y 0
field in %Ho%),tda%F&fa{ek whtBth BadePTHBY F2to f36n TR ente@al, kalibeehvapatieant i on of

current to the coil 126 causes magnetic interaction _
for the disc drive in a conventional manner. The components include a spindle

motor 106 that rotates one or more discs 108 at a constant high speed. Information
is written to and read from tracks on the discs 108 through the use of an actuator
assembly 110, which rotates during a seek operation about a bearing shaft assembly

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 magnetic 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

3



bet ween the permanent magnets 128 and the coil 126 so that the coil 126
noves in accordance with the well-known Lorentz rel ationship. As the coil
126 mov®O 0WHA35 3 \Wp 01/ 41135 PCT/ US00/ 25409 act uat or ag’g@(}%ﬂ?ﬂ%% pi vot s
about the bearing shaft assenbly 112, and the heads 118 are caused to nove

across t he,gidibP£R8mBly 1109iehts ssoul 8 bedfife SINELEBIPIPR, 2HAGhE Beddypi cal | y
de-energi zed when the disc drive 100 is not in use for extended periods of

time. The hbhas cau®dde enavevemsoilnewarfates of thealiscs 308.he di scs 108 and onto a
parking ranmp 120 adj.acent the outer. dj ter .of the discs 108 en the
drive motor is ﬁgg B&lﬁil’%‘gﬂ? ﬁ)ﬁ?‘é Rt a‘%ﬁ%‘e’%‘?ds‘%}bqﬁ'rtgﬁaﬁﬁ dpﬁgl_ﬁgfski ng
ranmps 120 ﬁ&fiﬁldg@fdr*&tepat HriRS 0P RE hbalsaN 8 AFd ABSKIE R vardVBEIT Prevent s

i nadvertent rotation o e actuator assenbly 110 when the heads are

par ked.s Fl fBe dZscs 108andogioaaiarking rdray f20lad)areapthe toutee dianeateraff thddis¢soad beam
116 10 SUDE&LH ng a ginbal 150 that, in_turn, sugports t he t{lansﬂucer or
head 118. whemthe dswgmoteris degnengiasdl Tosbeadsddp ger sscwed onithe BaKgef er r ed

o0 et s B SRR THEcb b B75  pBSAL e p et e et o

I's ene 0 the underside 0 gi mbal 150

that is iniphgvdiehedifibRcbitRe 4dhgatéh H5adhbl9nd0 waiken thichdadasreirared116. The
gi nbal 150 is an elongated spring sheet netal stanping 15 that has an

el ongat ed franeFiar2 showsbsgeatlypgndargécpersneciivseewind dlee loadpesn 136rti on 158
canntil evered fromt.h ortion 156, The head suppo ti,on, 158 is
Cypl calty BnaBe el | S0Pt T wat cpameis ie Fobose 2unbei uE Tl o7
2. The CO@JMP{@M@@&&imnebrgﬁﬁakes%spﬁéma chib@dieafl of#R a substantial
range of freedom of” novenent about the nounting point so that the head 118

can pit ch, suspédsioralirdityrad8220 aadveddnct Indthathe ankntimt. Pod top off thedreddd 18 @
accurately follow the surface contours of the disc duyi ng%g{é{alg% per ati on.

f
The | oad bistgnad® the upderaife phtiecimbHdSP thatasn teERstensd tor} ut 160

dj t the, distal f.the | ai s int
o bngat ed. SrbgiodeaR 0 A SRR ATL i Bucd 35 b8 mbalsbuildy [0 o1
extendiNg @Hat hdsAM ForigrRd Rk A}anibr_mzsé Suppbrtigas ifhmRAd sippolt tidb8. This

tab 162 has a catch hole 164 in its long leg 166. The |oad beam 116 has a
hook shapelb& cipntiB8eret ftoneshedragee parporl 2p.f Flamhaad supparopertios 58 This tab 168

HEIRRIT RTINS
configuration of the gimbal 150 permits the head 118 a substantial range of freedom
of movement about the mounting point so that the head 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
elongated sheet metal stamping that has a bent tab 162 having an L shape extending

25 from arear end of the inner 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 150 will flex downward until
the | on 30 leg 166 of the tab 162 hits the |l oad beam 116, This limts the
def | ect YWROH#118%e ginbal 150. If the shock load is strond @AY he
applied forces may deflect the tab 162 sufficiently to cause the tab 162
to try to gaimeahi118NdHoW e Gt PRdINED 4 68\Br&)ddtth 1B THASRRD/ 25409

| oad beam 116. However, the bent up hook tab 168 projecting through t he
catch hol oltd44iintedotksokith the fong lng 166 storanyl Bisthermeyapentof tha tab her

novenent of hook, t 68 th e ration of the
tab 162 anb6%h§lll%§%‘gﬁéﬁﬁ68 g}fustpﬁeé’efﬂétfiﬁ %6%‘ 1%? ﬂf@ﬁg %@n@@e‘gﬁ?‘i i s

conf i gur at b%e?&sﬁf%]fr&lnltﬁe fb%*b%édﬁhd ’i’his%ﬁﬁglﬁaﬁ&?eﬁéx&%&p%é@iv& the | oad
beam 116 during such events and turn, prevents undeSirable defornatlon
of the gi ntasdhed §® gihbhl l/smbdh@tobébmmél6dama§suchr¢hemhhq’ ipteuent the head

118 from being repositioned onto the disc 108 he dr.ive 100 is
reener gi zeHreVFfltéaun@eSFI]a\ﬂGéij%{ﬂéBOIhﬂHPﬁé%mlﬁﬁléﬁgFhaéél"oé}}fjo PIYEMR of a

Sus p_enSI Oncz%tﬁst % eﬁ? Eirevér?t tbg' %%g@gqﬁﬁ}g%efﬂgggotsnﬁn i 55t the Hi@! 704 i on.

portion of omn in perspectlve in

FIG 3 as whenew cfr{\@monhgrdéh@glzg@lrface The | oad beam 200 has a cut out
202 form ng a hook 204 that is bent upward at a right angle to the surface

pl ane of the | oElGhkiluszaes anbieer pocferresbembaiimentsef 2owepansi@ndimigs 208 ongat ed

nbal 206. | | ded to the ] oad. beam 2 the 15
g1 mbal 1has mACHEANTNE AR VR0 anponsn el kA @R A /SRR head 210
is fastengg lsEﬁswg%‘p egﬁéeﬁ% ROFRE. AR RAYdd Pom2RSdiBasurtace 2tz 1hsd e 212

through a rear e head nounting plate portion 208. The catch hol e
212 i s verbéanal0@had 4 gnedt 209 fohrnmmm)dltyatexbandlpwgrmai@mghtpngl¢4 whi ch
Is sized to fit into the catch_hole . 20 The hook 204, catc¢h hole 212,
and t he hotihe F‘ﬁf@PZPlWI&ft%loﬁﬁbe%gﬂ‘énérhﬁﬁoadlt'r'eﬂ"c%qo}i“ﬁ OB di ment .

8
pnen & SNOGniRRl oo B |86 JAgtd8 AL R Bkt D0D" THE ORI chitbpenod) ment IS

used, in a rec fon, as seen In initially

noves upm%ﬂlbapuéd am@dtxh@r@mg‘wdte BOBiol P08 teIwhitbn tediRtudehBeddmI0 ii p 214 of
the hook 204 extends into the catch hole 212 in the head nounting plate

porti on 20f&s@genbhd headimounting elaippentian 2P8has a edtch h@e@ﬂ%@pugb@rw th
{ ﬁ:pgﬂmgﬁ ! tg{ﬁg Cff@glrétnﬁé‘%ggﬁé ?ﬁg 4 %Bym%r el"\fng I?:Eltlcﬂ%oﬁeryu 1S vethlcglly aeﬁg%rega tion of
with a downwardly extending hook tip 214 which is sized to fit into the catch 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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the hook tip 214 in the catch hole 212 prevents the potential disengagenent
of the hook 204 fromthe nounting plate portion 208. FIG 4 illustrates

anot her WP&/AHB&d embodi nent of a suspension liniter 301 PEEUSN259%0r dance
with the present invention. This enbodinent is very simlar to the second

enbodi ment selissGUSBRACLIBERG: 30@hys 2ORAt 3¢ ReMig taBhoblbg04l iRt &lbeand of a
| oad beam 300 is shown again in perspective in FIG 4 as viewed fromthe

di scf5 WO Opwadilem BETucBo0 pl264 00thedoad team 30Ph dn lthis dmbedimepphomgsera cut out
302 formn t ab._haook 304 that is bent rd foromt . pl f

the | oad. baKsBIOA RN & MebUEIE e SHERPLE of tdoRd BTal FEithor ot

right angl o&l?é@)ﬂﬁlggﬁﬁégﬁéﬁﬂ'hﬁef36 h&Mtabmﬂ%@%m&%@%églagég%u@l%

| nst ead, the as a tab porti at extends | I ane

paral | el 5td thetshfacepligcst the aéd bedm 300. | TirdohibeanB38@) hakrumelenddf beam 300 has
one end of an el ongated %ignbal 306 | aser welded to the | oad beam 300. The

ot her end efongated ginbabdP6 Fser weldeditorfbe dpaddeami309. dihgrothesspd PEHE308 t o whi ch

a transducer .h 10 is . fastened. The. i ion 308 has
an el ongat gﬂn%ajtagﬁ%ﬁ%? éeagﬂour}%gc?gagtﬁpgglrogg@getgg%gﬁ&l e{]ﬁ%%rgheaeg h%%ﬂ‘;ﬁ{dl)lﬁg pl ate
portion 30&;stehae. ?h@ﬁ%trﬁ&;rﬁﬁqg?l\ate\ﬁbﬁioﬁgogl@s hi$ elofpite€adtty haleizgped with a

downwardly bent tab hook tip 4 ich is sized to fit into the catch hole

312. The t dvoiglokredddnd efithe heddoneurBing, plata gortivs 308b Theslongeisdaichkalee up t he
i nterlocking. suspension limter in thi nbodi t. n.a.shock | oad is
appl i ed? té%]% F?eveﬂﬁl"s?ilyél Vb e RRw %g@?%%ﬂggfg‘rﬁp ﬁfﬁ@@&,ls Flﬁe%'!odovmwar d
di rection, | I 4, the head 310 again initially noves

rel ativel yﬁﬁ%&gﬁﬁa@m&iyﬁ%ﬁgg the |l oad beam 300, pulling the ginbal 308
upwar d such t hatTht b HvoRI304) ¢atdhilkbloB12,aad igoddb BOdk tip 314 nddeiuptthe t he cat ch

hole 312 in the head nounting plate portion 308 and |limiting the upward
travel of imerlogkingqusmmsionilimpiteran furemberdimeat. | Shengesharkstradishapniisd
preventing | astic deforymation.of the ginbal LLhte i ng
engagenent toaT% dgsp & "h%vgf?%ttg% 651%2 dllnrlle ¢ ﬁseu%g’gg% q?g‘&gv %{g ﬁ|eoérteﬂ)&é %Jt %%F he

potenthal di BRNUAARTRAI 390 agdieinifialy Needs r3RAvEly @ > aWRy o theRbat €
portion 308 of t he gi nbal 306 during the event. Another enbodi nent of a

suspensi onbéanB30@pulld the gctad 368 npwand subh thae theihopkipi 4 dfsheshepk304n FI G
S In this T e the Satch Boid 318 1 1 hedd oa g lite oo 308 and limiting
the upward travel of the gimbal 306 with respect to the 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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25 shown in a perspective top viewtoward a disc 108. The | oad beam 400 in
t hi s enbodi nent does not have a cut out form ng a hook. I?Fsteag/2 Ahge di st al
end of MYRO4IE3Y beam 400 widens into a reverse tapered &hd’ Y24t covers
the side rails 404 of an elongated ginbal 406, which in turn supports a
t ransducer hsid vilg tab’12ahit 2bjctis Mealy 408vard direstiyesiebthed@ehiiddnbends  at
opposite corners o 30 the end 402. One finger 408 extends al ongsi de each
of the raiths adigensifinger4@8.nbal 406. Each of the fingers 408 has a notch

410 cut into it er. edge., Each of th si.de rail 04 _of the. ginbal 406
has an out war dl @g’?@?@%‘f‘ﬁ%ﬁmaﬁﬁﬁmmﬁoyw% ‘@R?‘iﬁcﬁ%a FEt G%O/ 25409
hooked wi n &ﬂﬁvﬂ%%ﬁahéhtﬂét% £33 alpBttRindflie RHY WediA behin8 ¢hd Mea@WOY. t he notch
410 in thgha |'acent” finger 4%8%6§Iar11)%t hins enebodi ment , tlhe Ioaecij1 beam 400 wi ||
be suppor t Bdring narmardpive optratismdinery isviveintgpantios detwrzn thafjagrrs 408 pod t i on of

the | oad beam behi nd the head 407. 5 ring normal drive operation, there
is no intethgcimbyal 406 Wben g aciipiogasem 8‘53%@389% R0 1EBs1S A/ t he

actuator a [ Sl i jateraction
mor mal Ly bOTGadiotisTRR bEkeBh uld tndcos i1t shof, Aoweled o7
external shaethal 9Rdk icaddppppiRd tb het ditvedithe head 40Tembp ahd46 oveywagnd to nove
away fromthe | oad beam 400, e.g., downward in FIG 5, causing_the side

rails 404 fomithelond byams00, ag6 downwald B kIGTheaysiag the sdpads 4080 thei t t he
downwar d noyv f.the i nbal . 406. e hgoked tabs 410 in ckingly
engage!® heglfl?%g{)gg%@ oPn ﬁ’r‘?em%r%}gfﬁe“sdggmtﬂ%? %rwen\)"éaﬁé n%qﬁlg eg{nogfrthgo from
bei ng di sl g _11466’.0’@?16H@okfeli’ﬂa@lﬁ@ﬂ%lo&&ﬁglﬁ%%g{é%ﬁf(géﬁm&th_@ad events.
Anot her enbodi ment of a suspension limter 501 in accordance with the 15

i nvent i on netclsdschO to previefd the tabsHil 8 frenblocingrdistodged fremythe ifimgérad080 t hat shown
in FIG 5 except for the limter configuration. Again, the distal end of a
| oad beam HTME shicewhe shaelplogd c¥es-se t apered end 502 that covers the side
rails 504 of an o - Which i - : t ransducer
nead 507, A pai Aoper AhBiRLiA aisbitsiol il st wbAaURRO IR B 0Se
cor ner g5 of ink B sh&xn ifPKS.f6. MULY erbb&diZentax verydsmélhiotoghatdhowadn FiG. t he
rails 504 of the ginbal 506. Each of the fingers 508 has a tab 510 t hat

ext ends upfvexepf fasithe imitepgeafisutgen. Bgei, b diviel epd@é adead keagpdllhf  t he
gi mbal SOGWPd%Isls ﬁlrt]o 3‘%@%’?&%}3’&?& ad §62' e Jolvg}s tltléfjl sblde5 %La%lstslagtof %te%?lggteé aterally

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 of 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 and 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 gimbal
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outward directly over the tab 510 in the adjacent finger 508. The flat tab
512 has an aperture 514 therethrough that is sized to recelve }H“% tab 512.
25 The I"$Q4V#HAM 500 will be supported on a ranp (not shdirlYUSHER*Bar ked

t hat engages a portion of the | oad beam behind the head 507. Again, during
normal  drisgg b9léﬁ%@gtih%\tyl:1e tAHA&12. The MbsiSIL QFSSielEledRbMERENERENS teger s 508
and t he gi nbal " 506. en the actuator assenbly is parked on the ranp,
there is alfingens$0Bnnderaxcéssiversbockalohdingehyhervertivel fabn§Hl enteiiee thed t he

i thal 506. Ho i f. t |. 30 shock. | oad i lied to the drive,
ol o5, Honevel, |f o Scteriel 30 shock Laed g, gLl Lo the arive
in FIG 6, eﬁ%g{éﬁ}stdﬁhesﬂﬁgﬁgf@fnltﬁe %%u?és §1|3%)r9\i'éﬂpﬁfe 1aba0f1 2t fforh OkingW.  The

side fingers mt t ownwar d novenent of the ginbal 7 WO 01/41135
PCT/ USO8/ 23#d&1ged Gfonbthedingagi 0§ duhag eadrssiSd ghockliead aests512 are prevent ed
from di sengagi ng the fingers 508 under excessive shock | oadings by the
vertical tabs 5Yostdhfustherprefaned exhodiment of 8 suspsption Hmater Bﬁﬁlnrm the tabs

t oget her during . the.gvent. T . £ Smy 04+, 5 i.,n the
apertures §‘i%r%ar“ Sgﬁﬁltgggrets%’ﬂ??ﬁfgg?%sogr%gg’giqng 'Zii E?ltggglgé r%%aa?ﬁig fingers
508 duri ngj@¥geskeig/sispiRidh Ikt 0T VTtise préset inventiot! iskihilartetier skevn

enbodi nent of a suspension limter 601 in accordance with the present

i nvention iiITSFKF’l(ﬁ/WKCbM tﬁat;ﬁle ZuSpﬂ’Itsii(m emiiongi heeked tsb is fremefl i thel gi@kalng
( e 501 . Con Qe Sirm] o "
TP Gi0 3 sabeghan fisdondheas o B GRE PTG R R RS T P o madi n t he
gi mbal 10 F%tdh)%ﬁmt rls%@ﬁeﬁ:'t g@@all%églhaﬁhégas #kingn 602 A its Aah1RAAMAH00 i s
7. The oa 0 I y

shown in F eam 6 Is a sheet netal body that has a

par ki ng ti pxteAds iato & pakiigiradveaitd it izt parkingeadp 120 wden tigadrkierkf0gs oove 604
in the parking r,a%lzo when the drive 100 is d%ener gi zed as.shown in FIG
1. An el ongaeremigidasahownen Elfppbr A8 elongatsd gapbal 006 sURRPTE AT Medest h t he | oad

beam 600. The d b 6 ) ai f and 612
above the SribefPbssRhe R 8ean RB” phe Reg AT TOOHR: KEkFuLRER O

t her ebgt wegfoutsiel 0982k a6O& ths gianisd1 606 deBhiak abedhypdriied 61sf the paidr of si de
rails 616 and a central cantil evered head support portion 618 beneath the

web porti bears therdfetwénm. [ Thegibbalrh00oa shiges meed dodp that basa paicpkdde o t he
undersi de of_t ead suport. portjon 618. The. he suppor.t rtion 618 has
an upwar dl i?allééﬂg 398 ascﬁgtﬁ%r‘@?tblﬁew‘ar}’?agrsuﬁl?)%‘fk pg%@nfﬁgg,},wgagﬁlg {}]et‘g‘%r ear end.
Thi's bent BERKNYI4YIUR BB beam 600. The head 608 is attached to the underside 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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t hrough 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"’t“ﬁgl/‘flilﬁ5 622 sized to receive the tip 622 in a sH6TKUEMP?as in
the previously described enbodinents. The engagenent of the tip 622 in the

aperture 6zfhng@ahihelps inBiniih 8@¢loseghybdiwestemt Siniitee 6R0akd 8nhtipm di sengagi ng
the web 614 duri ng excessi ve shock events. The aperture nay not
necessar i | fpatyee sich@s epsrtvse Azhivhiethis desippbleduringithe rape pnleaé praggsshe

posi ti onedd offset froma di regt al i gnnment such that during such a shock
event, t he®™ &R RYGICTEY HO®E™ not need to insert imediately directly

into the apertupGuGaflary 4k pf@afm%{b&kﬁoﬁhﬁ@%etdﬂ@yédﬁsfaaﬁ@¥&fsianhﬁnmb portion
614 and 30 into the aperture 624 and catch during elastic deformation in

t he event .(sildh & I&1{ 2@, 30t 04(f1i §O,at 60h) foeb ledrbehimeandihead suppenichssdmebli eat ur e
engaged during the shock event nmay be incorporated as |1 int he ot her
embodi mentis ABATSLEIGhTSAD0) WHereaY 3 SuisdncapPrsh uah as T IR 0,y 380

ar rangemnt i i | jond S%bend the
mat i ng fe%%érﬁﬁgggﬁﬂg@%ggoﬁdu&gﬁ)ggﬁPcﬁﬁié%??gé’t??gi 1#(;@5}523, uri r?g the ramp
unl oad pr ofgesed tQurdistgl @AW 16alifeat (sREVE 1160200, 300, $00)1580yor GO0 pr esent

i nvention nmay be viewed as a suspension limter 5 (such as 151, 201, 301,

301, 501, Igre saenqnsm\r:’ihmiwrdmiumairﬁraigi@gm@ﬁbeg@m@s 62.20pBM, 412, $2i sc
i 00 i 2 310, 407,
b erSock @b KDk HIShEbD R RSN BRITD. S8 Sodind Yo oF iy 120 5

606) fasteoetniL (@icH'aS 156, 206036Y, 406, B0 6N ah$ H Foht@e (dukh as488,21300, 400,
500, or 600). The suspension limter includes a limting menber (such as
162, 204, 3244101520, &1624) od thearth&2@ thd loadreehnonr theezimbaltwkerkinable beam (such

as 116, 200,. 300, 400, 500 or 600) or the ginbal _ (such as 1 6, 306,
406, 506, BRitigeayemby 192704 304 4(1@:%1}%’ 8"3621‘881}1@1@2?&“@@}13121&%?66%%52 or 624)

on the ot hgr i rel j mting nmenber
162, 204, 62719 536 &I BRATSRnel Greli R rc VR U Rededhchl dfbe "9 P05
410, 550, IghitingAenbtrand Gakirddudinghgapeck &vept. eMerd spitisealypghetaturef the 15
limting nenber and feature during@the shock event. More specifically, the

feature rmgy inabidade apertupésuchpe166 24P, W2, 366 or$24) ingwe ofdheloagpemps) i n
o o L 5T B 3o S AR SR R T B PRED 2,110 o
212, 312, plifoned tdter th@apir@YERch as 212, 312, 514, or 624) to prevent
disengagement during 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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di sengagenent during a shock event. The gi nbal may have a curved hook
shaped 20 tab (such as 412) projecting over a notch (such

4 .
el ongat e%(ofqlﬁb P (such as 408) projecting fromthe | oad ’6@%%"%@@%?400)

wherein the tab (such as 412) engages the notch (such as 410) to prevent

di sengageneitidg rh&ibérahay dveh sk 4Aahe (sidhan20Aer BoMoer efgugily £ab408)
during a shock event. The interl ocki n&@f eature may alternatively be on the

| oad beam (partien athe@dmbalisnchras @98 pr 308) andanterlpgkingly fitinoH@io PEMHAIES 162)

may extend frgm ant,. Lever ed. head uppor rdal (such as 158) of the
o el (suckieasuRrtR e he b Ron BUAER 40 JoBFRWATLE B <t o' | oac
beam (such as 1lfje it BehbéSnaPHcRAe 3R cRABAE FiRgbS(Y§dh asa@8®24D8) hr ough
the | oad beam (such as 600) sized and positioned to receive a downwardly

g)z% )en(cjii I5g té)@ed&ng:f;omsthﬁtdizpa_lrﬁtﬁd (la_ud:tpztiﬂ@()s?lmpf@af ) bf lﬂnietlcba;lgaeam\(bt ﬁcrh z(s_sélr?gmra? 30h
uring_a. shock, event, mter atu e o i suc
as 202, 3%540,0)&[1}’?5 S&?&ﬁgiw}ba&gﬂdl‘ H%“Wﬂ’ifqﬁblg&ﬁég%é}re Hﬁ\}’q’ﬁea CEW%'@Y% at ed

nmb I; 200,
300, 400, - orirEgt en 041K MRl E AR BRALCAM L B0 e ey
have a hookcosfiyigerdtatyatotels(sdétasor] 03 Eshinctian tiendeyand fingebucipas 408)n of the

gi nbal (such as 208 or 308) and interlockingly fitting into an aperture
(such as 21engathahotabi(suchigs 412p Aléarnatpiely, Sheclmbmeroembar rherhav§ a shock

nypi
. The limti i ngl .el d.fi h 408
S08) S locRichgRe Rt ERE-gricha Junheyatipe 3098550 g 485 (RUF I Maa beam
(such as 408,dqhe g (ﬁbglﬁg4§6)q’?odléi‘ﬁa\€ﬂbdﬂ(’éﬂ{er (eWaWaRSy 680c@fabIBifh asThe

feature nmay be a downwar curved tab (such as 41 | aterally extending
from t he gi4i2alat¢raliy bxtasdid® Gonothe igirabal dsuvhlas 466} ewey anotherhcofisplerhentary4 10)
formed in the el ongated finger, (such as 408 eneat h t he sych as
412). Al t erifigh Gg&yes 119 formirdiin s anothse Flopgsied 398?{3?11%@0%313%{%8‘?%3?

el ongated f 8) extending along side the ginbal (such as
406) and tdﬁ@ﬂ‘gﬂ{'%ﬁ&‘{‘l‘sﬁ%é s 406) woul d have anot her downwardly curved tab
(such as 412) laterally extending fromthe ginbal (such as 406) over

anot herisconpl eneiedintiter(@lichhas(30a ¥ hasasliditihe rhanbadhatreotipeiseswpdieof el ongat ed
finger (such as 408) beneath the angther tab (such_as 412 15 The limter

(such as 5Cl9ngated fingerstsuchms S08heetending fropuihs distal snd (Pigh as %'92) Aithgat ed
fingers (s Ligarlld g‘ésamS 951812:h && g(ﬁﬂ%o@% Jp%)gsmet sri]g'esq)if ?ﬁeaéim%gp(sﬁaygﬁ@@. %ﬂg) of the
gimbal has a 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 upward 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



| oad beam (such as 500) al ong opposite sides of the ginbal (such as 506).
The ginbal has a pair of laterally extending tabs (such as 512%f each

ext endi NYO8Y&H3Hne of the elongated fingers (such as 50HCTEI2L (such
as 512) has an aperture (such 20 as 514) therethrough. The interl ocking

feature isopthegditbglidbudhadd 1661006, 366,3108) 506 6EHEE)tb Peevept@formidtiomogdeh of the
fingers (such as 508) toward the aperture (such as 514) in the tab (such

as 512) i ngbabaddetipg abexesssivhehock geendr iThe syspertiomEmitgofsurlsas B3PR8kt ed to a

apertur o ( 30bi01s56h 55 B0R'iPrlud s mithetnehad teh a3 6y R ABRRORCRE 0D e ¢ o
prevent 23, @@W&e SHihd ad bBAE or HediRBa PRl RAuABKucH Be14, esent

i nvention may be viewed as an actuator assenbly (such as 110) for use in a
di sc drive2(z8d8, 4K, 504,)ort624 o theathar afi foblioad beaps (subh as116,2002309, 310, 407,

act uat or "2t 06 cor o0 ot b (ovey 8 1560 4o b 408,598, 5% STy HerdPuppor i ng
Fr ansducer SPonanaiqld gt Sygte GR0:URLS Yeede B ALTRFIBHBRERER D | ¢ &

suspensi onef iWdilingiting sitekbed and fodture Bdringd®é shekklevehQ1, or 601) for limting
novenent 10 WD 01/41135 PCT/ US00/ 25409 of the gi nbal such as 156, 206,

306, 406, 506, dhefo®)remaypnaudnan apetioratuciors 116, 23 313 fhior 84)iing an
excessi ve shock.eyvent. The suspension.limter {(such as 152 - 2Q1 301, 401,
501, orf?g0%ye ?ﬁ@Fl‘?ﬁ@s‘”e crr,al@ﬁﬁganﬁé%wlttwwég “i@éﬁavfc%}p @Bg'} %08, 508,
or 620) foqgea19M300810f0rl628) pARLREEREr thBGpeHiFE MuchiRd 186,/82 312 (such as
166, 5 212, 312,410, 514, or 624) on the other of the | oad beam (such as
116, 200, 304,0r 62900 HOG&Nt diserR@yment dunieg gishbied evestic Thagimb8 (swb4s 304,

408, 508, or 606) wherein the limting nember and the feature
i nt er | ocki Ref 4063 mpydeve 3 cprved daek shapgs g%bg(é‘?@rﬁs 4129 Projeeting @ves 4Bt mber and

eat ure dughngd BhySRes oRga ol Aok BV E PuRTogpRLLY o (Such

as 166, 21 one 0 am or gi nbal and

the |'imti (GCHBRSIPED). TRY tiPdtiEages the nbeH edpRent WdngZdetnend dfithe3dtdfroar 622)
positioned to enter the aperture (such as 166, 212, 312, 514, or 624) to

prevent di Swrfegeduning aishackgvents Wdisknasivelyt the featurgi (ssdl as(198on 6244) mias  406)
ey e B P g o o R AN TR B o
beam 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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15 (such as 400). The tab engages the notch to prevent di sengagenent of the
tab from the finger during a shock event. Alternatively, the fgg{ﬁre (such
as 168 6?08§ﬂ¥3ﬁay be on the | oad beam (such as 116 or &ﬁﬁ”%% Re
limting nmenber (such as 162 or 620) extends froma cantil evered head

support pokddy@dni{psiseda psir dB8ongat&llBigens (40BRextgtdibpirohsbie Hisas eddGuoli 606)
directly over the feature on the | oad beam The feature 20 ng&@be an

aperture (eudf)of tiplopd bpans (vysh ehd00)sdangnrapsitestides afshogmbak(408) and

iti dt i d I ' ti 22), of.. a hook
Chaped  Timi i ng e (Eha 00 ¥aoheniaR i R patyf ot REPE Hflindey “be on
the gi mbal tap 3R 28%13PGch €ldndidd dvertnedthe éi&‘x%ﬁé&leﬁﬂg-efg (shiDasBOBYEr is an
el ongat ed nenber (such as 168, 204, 304, or 510) extending fromthe | oad

beam ( ssicheach talh Gsuck @9512D%a8h@, anaperbid8 Ysuclifae Sl 4 ntheiettgonginfethisray have a
hook shape (such as 168) for engaging a tah portion (such 162), of the
gi mbal (s uewbaéml@é)th% tW%{S&YW?WG&WChﬁS%l Bhﬁmﬂ 51188 AW ARGy Féglt such as
166) in th t i I j , the
1 ng. o e e o T the
di stal endaf@uchheasbyWBin Bt diike (Juohds be®is fisbiediedts Aotk Badathevertkatle t he
gi nbal (such as 406) and the feature is a dowwardly curved tab (such as

412) | at er tabl (yuakasé@) injerfackinsbhengggenshe appraire uelbapd khanthe gimpatiah (such
410) f d in.t.he el d fi th t b., Furt.h h
ity nowgnes SNBREI 00 2SS rRRRR SET53RRk] SRt SURMIE 1o,

el ongat ed fi ngefsy{r8lef iRl proschf RReAth idivilliddapied té Btdih thedndd02) of the
| oad beam (such as 400) al ong opposite sides of the ginbal (406). The

gi nbal (sueid advabGgys maytiaietl @s matlias ghose heheecnd theagin. d¥hileat presdntly ext endi ng

tabs (such as 512) each extendi ng over, one of the el qQngated fingers (such

as 50&3), SPQWQ%’EP(@%‘HE‘H%§ Bsepzfeswahﬁdrfgr %‘Hpai?éf’? 3}1%816 EHCaETSYA) (

t heret hrou IS 3 i it Soi@: i such as
ls@aﬁﬂnﬁ%ﬁ?ﬁ@&g A ergg&fﬁgﬁg.taw@em %?@my Eib&RloftRP (

510) projec |§g upwar rome ingers (such as '508) toward the
apertuie (pteséntasveniidn. iPor ehemplafmanynsiiéndi fesent Rdukvanduipertete)yshupewsmndyhe drive
(such as 100) is subjected to a shock |load, the vertical tab (such as 510)

i nt er | ocki hgkyvisinpedylben hinee bese deseribed abrvs. abhstim$22 af thahogk ARAMmayab 10

(such as 512) imedi atel ove t event di sengagenent tabs (such
e Sy Tivag Rt acied Ttk R e fe e SR S bn £l e e to
attai n theggngds haadnRH¥ANhAYRARALYARE Hp 332 WetHe DK 61036y BYEH ESY
therein. Wiile a presently
or upwardly bent tab along the rear of the web 618 rather than an aperture 624.
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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preferred enbodi nent has been described for purposes of this disclosure,
various changes and nodifications nay be made which are well within the
scope of VOAH4HES present invention. For exanple, many ot hdClY§%Er¥Mt hook
and aperture shapes may be envisioned than have been descri bed above. The
tip 622 of whe ibeeimddde: my have a square or pointed shape rather than the
curved tip as shown in FIG 7. The feature that is interlockingly 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 Nuner . ot her
changes may be rJr*apIe \/%Flbsﬁe’@ﬁ“?r} lim Srdﬁofﬁl%agigjgegglt@g gﬁ%@‘fp\}’é’g a_trggeng)tfqﬁcl)lgé skilled
In the art jaRdrivBvaiirdh § tBRERITBARIE S LippbR&d BPh Eirkbd Fastdied ké1y @fktd] On

di scl osed and as defined in the appended clains.” 12 WD 01/41135

PCT/ USO8/ 2540 98f a Wadtbearm, theauspedsibs linfiter fompspegsion limter for a | oad beam
and head support assenbly in a disc drive wherein a transducer head is
supported by a @ilmgpg%‘t@ﬁéwrtegog%egg}elgaifq%prglqggg ab@%‘{n t he

suspension |im rising: b 19 4t ) . 0f the | oad
beam or e i nBar iR hE g oftl S ieal Bt LR P IORARE ' he
gi mbal whemngintbel bgd therfeiturgnteiookigslyangdadene ptaahtdiscrigaganémoiirgl y engage

to prevent disengagenent of the |imting menber and feature during a shock
event. 10 Amittngmember and fgaer durmg a hoek §¥eAt1 wherein the feature incl udes
an apeirture in one of the | oad beamor ginbal and the Iimting nmenber has
atip ositioned to enter the aperture to prevent di sengagenent during a

shock event. 1533. Th§elinfid-8EcAGREELRMN 1 Qyitréh Mhelfewies RicTudedign gi mbal has
a curved hook shaped tab projecting over a notch in an el ongated finger

pr oj ect i ngapertnre irhene dfdhelldad dramive genbal ahé thedbnitingagesbdarthes adipch t o prevent
di sengagenent, of the tab fromthe finger durin shock event. 20 4. The
limter ac®BHHPRY tP('inP?Fgierﬁpf“b\ﬁéP@F‘?Yef“r@S?“@%W tﬁgn%atsh%c Y- beam and
the limting menber extends froma cantil evered head support portion of

the ginbal directly over the feature on the load beam 5. The limter
accordiipg to cl 3i m 4 Theéinsiten atdvedihgad tlasn il SviReiapier gittbal has a curved

hook shaped tab projecting over a notch in an elongated finger projecting from the
load beam wherein the tab engages the notch to prevent disengagement of the tab

from the finger during a shock event.

20 4. The limiter according to claim 1 wherein the feature is on the load
beam and the limiting member extends from a cantilevered head support portion of

the gimbal directly over the feature on the load beam.

5. The limiter according to claim 4 wherein the feature is an aperture
25  through the load beam sized and positioned to receive a downwardly extending tip

of a hook shaped limiting member during a shock event.
6. The limiter according to claim 1 wherein the feature is on the gimbal

and the limiting member is an elongated member extending from the load beam.

30
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25 through the | oad beam si zed and positioned to receive a dowwardly
extending tip of a hook shaped |limting nenber during a _shock event. 6.
The 1i mW@P14d3%rding to claim1 wherein the feature is SOFHEYY%MBal  and
the limting nmenber is an el ongated nmenber extending fromthe | oad beam 30
13 WD 01/ 41135 RCT/ USGR/1Z0i489 Accofding A& clain6 tviller@f €19 BihithgtRerfibétiias 8 Wher ei n
the limting nenber has a hook shape for engaging a tab portion of the

gi nbal and hook eldpedia enghging iattati paytiompHthargimbyent unterlpokingiy fittne vt an on
during a shock event. 5 8.. THe.Iinite according to claim6 wherein the
limting n@HﬁEFe“&gﬁﬁﬂ?@ﬁgo%.u%@%ﬁﬂ%?&&VPaner extending fromthe distal
end of the | oad beam along side the ginbal and the feature is a downwardly
curved tab laterally extending from the ginbal over a conplenentary notch
formed §n the elgongateg limirgaccdidingads blairhé wheadin tHlifitinghmethberi t er
according to claim8 wherein the limting further conprises another

nb
el ongat ed fpmgaEpesa;cdongated fagenexiending frad tgi?ﬁ*@g?ﬁ cnghat the doag hegm alongy
ther d dl.; tab |aterall i g, f i
onother Ccombrinei S Be st EAA YRR GRS AT WR Ao Vi

t he anot hefpelgnivabovel@:cotdp@erhdnfrl AbtcA TSR iAGhd SlosgatdTifgapberndittthiehe
limting nenber conprises a pair of elongated fingers extending fromthe

di stal endtabf the | oad beam al ong opposite sides of the ginbal and gi nbal
has a pair of laterally extending tabs 20 each extending over one of the
el ongatl®d fingers, each tab having an aperture therethrough, and the

feature is a vewticalpy iperrg-%&)?%i_hggo Htggﬁ@%ﬁerr&ﬁ‘tmitﬁig thit&ber thABG" S

toward the apertfure inthe ta di ately above whereby when the drive is
subj ect ed tomprisdsamistHepaldngdtbefingt tkeading abnigrsiderthe gionted lagd éregeimbsl t he
aperture in the ginbal tab imedi ately above to prevent di sengag ment of
the tabs. h8sanothengowamardyFurysd abﬂﬁtﬁraxldrﬂ%@mgrff%{nab%%mmal Q¥er g e a

transducer cor%\ﬁﬁzgne%ta&}g El(%‘gci'l ?&nﬂe‘dﬁﬁ ’thet a%%th%% %Féﬁ@!ué{d %QQBI ﬂeﬁia;ﬂﬂ the another

15  tab.

10. The limiter according to claim 6 wherein the limiting member
comprises a pair of elongated fingers extending from the distal end of the load beam
along opposite sides of the gimbal and gimbal has a pair of laterally extending tabs

20  each extending over one of the elongated fingers, each tab having an aperture
therethrough, and the feature is a vertical tab projecting upward from each of the
fingers toward the aperture in the tab immediately above whereby when the drive is
subjected to a shock load, the vertical tab interlockingly engages the aperture in the

gimbal tab immediately above to prevent disengagement of the tabs.

25
11. An actuator assembly for use in a disc drive to move a transducer
over a rotating disc, the assembly comprising:
an actuator arm carrying a load beam supporting a gimbal at a distal end
thereof, the gimbal suspending a transducer; and
30 a suspension limiter for limiting movement of the gimbal to prevent

deformation of the gimbal during a shock loading event, wherein the suspension

limiter comprises:

14



an actuator armcarrying a | oad beam supporting a ginbal at a distal end
t hereof, the ginbal suspending a transducer; and 30 a su | imter
for Iim'W?HH“ enment of the ginbal to prevent defornmat ispoé}ef}@@%{iﬁléwgi nbal
during a shock | oading event, wherein the suspension |imter conprises: 14

WO 01/ 41135 PCT/aYshitihg sfkdber Forhiedioni odg offeElesd beanieethe gibal; afd t he | oad
beam or the ginbal; and a feature on the other- of the | oad beamor the

gi mbal wherei n aHeatinersintthegthenefithe loagdrigamins thegimhabwherely thedimiHag y engage

to prevent di senga t of. the .limting nmenber, and feature.during the

shock evenf’?eng’eig’.‘g%‘?ngg%@?éﬂﬁ%cgﬁ%%reag ¥ BT (ﬁ‘f%am‘?’épﬁ “he feature

i ncl udes aﬂmigggﬁ{eﬁ{b%ergﬁré)@uﬁ@qhg ftkkeamp or ginbal and the limting
tt [ an

menber has a positioned to enter the aperture to prevent di sengagenent
during & shock event. 10 13. The assenbly according to claim1l wherein the

gi nbal has a curved _hook shaped tab praqj.ectjng over notch .in an
el ongat ed fi nged2pr ojldeRsssg Y 6%°f‘ﬁ%g Pq gamy bggﬂﬁﬁbﬁh@%ﬁmﬂrﬁéﬂ‘ilﬁ%séﬂgages t he

ot oh t0_PLENIL uFbACIIRIRIE Mo LORLATRY ol IR HDe i BEs P! 9 @ Shock

event. 15 e assenbly accor arm ereln t eature is on

the |oad pegfibdddotehtr idvpeitng toprdefit dixdngagtsndnt during & alidokl sveet ed head
support portion of the ginbal directly over the feature on the | oad beam

15. The assenbly according to claim 14 wherein the feature is an aperture
20 through the | gad am si zed and..posi t.i.on o _recei ve a.,downwardly
ext enditfhg tip 3? a SQSSSH@E‘&CCIOF(HE% fon(délﬁje )¢ erghnrﬁ%ﬁéuﬁba?ﬁlggl%c\églgg_t. 16.
The assenbhy,1a8606d tabGrbiRcEhPbvEr 4 hoWah &h BlohBaied BaketRojestif frbiaghe 9i nbal
and the limting nmenber is an el ongated nenber extending fromthe |oad 25
beam 17. Tdud besmewinrginaocabdhgages theoloddinto pewehediséngagementiafithd ta nenber
has a hook shape for _ engaging a tab portion of the ginbal and
i nt er | ocki HgMythefingerdpringashogheveiérture in the tab portion during a shock
event. 30 18. The assenbly according to claim 16 wherein the limting
menber

15 14.  The assembly according to claim 11 wherein the feature is on the load

beam and the limiting member extends from a cantilevered head support portion of

the gimbal directly over the feature on the load beam.

15.  The assembly according to claim 14 wherein the feature is an aperture
20  through the load beam sized and positioned to receive a downwardly extending tip

of a hook shaped limiting member during a shock event.

16.  The assembly according to claim 11 wherein the feature is on the
gimbal and the limiting member is an elongated member extending from the load
25  beam.
17.  The assembly according to claim 16 wherein the limiting member has
a hook shape for engaging a tab portion of the gimbal and interlockingly fitting into

an aperture in the tab portion during a shock event.

30 18.  The assembly according to claim 16 wherein the limiting member
comprises an elongated finger extending from the distal end of the load beam along

side the gimbal and the feature is a downwardly curved tab laterally extending from

15



conprises an elongated finger extending fromthe distal end of the |oad
beam al on side the ginbal and the feature is a dowmmwardly curved tab

| at er al MO BY41d3]i ng from 15 WO 01/ 41135 PCT/ US00/ 25409 G0 over a
conpl ementary notch forned in the elongated finger beneath the tab. 19.
The assenblije pR8Yl dvath édinslb@bitad hotlefoehd ihde kiotighied Ginf@rbeagath tigonpr i ses
a pair of elongated fingers extending fromthe distal end of the | oad beam
al ong oppodab.e sides of the ginbal and ginbal has a pair of laterally
extendi ng tabs each extending over one of the elongated fingers, each tab
havi ng an aperture therethrough, and the feature is a vertical tab

proj ecting upwfb.”@ﬁﬁf@s%&nﬂ% B dink 0 ORIE 16QWREEn el ARBIHERLN the tab
i mredi at el y above whereby when the drive is 10 subjected t0 a shock | oad,

t he ver t5i calontpaises apair bbHelon gyt d/fiergagaanditerameht distal iend bhithe lgadizain t ab

i mredi atel y above to prevent disenga e,rren} of the tabs. 20. ﬁ\,sus ensi on
limter foraleng ppesiesidesefdhe simpal tphaitba E%Ssael??&?f}l?ﬁmélyoqxé‘? U189 wher ei n

o bt b ok Bl BUBRALE P thd Mol Titlerd B0 flavinigah Sodufl o1 2 end Of

a | oad beam e suspension li'mter” conprisrng: I m er forned on

one of the thaathrighmed thefeat@icibalertivg tataproprgiag apwaid fredtedcieothe t he ot her
of the | oad beamor the ginbal; and means for interlockingly engaging the
liniting neingers tawerd the apéraue Ur Getad iprecdiatelydibosnyhgehinticathe drevaifi ti ng
menber l%nd 5{1 Jaetct%a?o g‘é‘ﬂécrl](qogd, %}rl]eo\(/:e%tica%?abel\l{gerf'ltoékirllgly engages the aperture in the

gimbal tab immediately above to prevent disengagement of the tabs.

20. A suspension limiter for a load beam and head support
assembly in a disc drive wherein a transducer head is supported by a gimbal fastened
15  to adistal end of a load beam, the suspension limiter comprising:
a limiting member formed on one of the load beam or the gimbal and
an engagement feature on the other of the load beam or the gimbal; and
means for interlockingly engaging the limiting member and the
feature to prevent disengagement of the imiting member and feature during a shock

20 event.
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