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i nvention relates to a nethod and apparatus for prO\(/i (Cj;iAng i12r2 (Rdnfﬂll
static angle adjustnment for head gi nmbal assenblies (HGA's used in

di sc dri Ve¥MUBY |11 the nethod, groxi mal and di stal clﬁ?ﬂi’%/‘%nbers 198
and 180, respectively, are attached to a |oad beam 148 of the HGA 122 and
are separated by a distance 200 of 4-30% of the [|ength 194 of the |oad
beam 148. One of the distal (180) and proximal (198) clanping menbers is
rotated aboUMETHQD ANIIAPRARARYS FORGIMPROVED ROLL SEATICANGLEN that the
relative angular position of theDUSTMENIL80) and proximal (198) clanping
menbers reaches an adjust angle. Also disclosed is a rigid beam section

156 of an HGA 122 that includes %per tures 206 which are positioned al ong
maxi mum stress contours Mefmm'r ION .
5 The present invention relates to disc storage systems. More specifically,
the present invention relates to a method and apparatus for adjusting the roll
static angle of a disc drive suspension.
BACKGROUND OF THE INVENTION

Disc drives of the “Winchester” type are well known in the industry.

10 Such drives use rigid discs coated with a magnetizable medium f-r storage of
digital information in a plurality of circular, concentric data tracks. The discs are
mounted on a spindle motor which causes the discs to spin and the surfaces of
the discs to pass under respective recording heads. Each head includes a
hydrodynamic (e.g. air) bearing slider and a transducer for writing information

15 toand reading information from the disc surface. An actuator mechanism moves
the heads from track to track across the surfaces of the discs under control of
electronic circuitry. The actuator mechanism includes a track accessing arm and
a head gimbal assembly (HGA) for each head.

Thé HGA generally includes a load beam and a gimbal. The load beam

20  includes a rigid beam section to which the gimbal is attached. The rigid beam
section of the load beam transfers a pre-load force from a flexible beam portion
to the head which forces the head toward the disc surface. The gimbal is
positioned between the rigid beam section of the load beam and the slider to
provide a resilient connection that allows the slider to pitch and roll while

25 following the typography of the disc.

One important performance-related criteria of the HGA is known as its
static attitude. The static attitude of the slider refers to the positional orientation
of the slider with respect to the surface of the disc over which it is flying. The
slider is gengrally designed to fly at a predetermined orientation (typically

30 ° parallel) with the surface of the disc. Deviations from this parallel relationship



deformation of the rigid beamsection 156 is desired duri ngsgd]i@%nt of
the roll static angle. 2 1 APR 2004 WO 01/ 43130 PCTI USOQO 425 0AND
APPARATUS FOR | MPROVED ROLL STATI C ANGLE ADJUSTMENT FI ELD OF THE

| NVENTI resent invention relates to disc storage systens. Mre
speci fi (:O;#v%”mﬁt"ﬁe present invention relates to a net hog’céfﬂ#o‘é(ﬁﬁﬂ‘r atus for
adjusting the roll static angle of a disc drive suspension. BACKGROUND OF
THE | NVENTI ON Di sc drives of the "Wnchester" type are well known in the
industry. 10 Such drives use rigid di%scs coated with a magnetizabl e

medi um for storage of digital information in a plurality of circular,
concentric d ¢ i on i ndl e. ot or whi ch
causes the dﬂ@%ﬂlt%%ﬁggfhﬁ%ﬁag‘{dﬁ%%gl{rg?%%fe.{ggglgd%g?%%g%id egerg elﬁ s under
respective r &woor e digc arekdewn Eopitthlemas. Dendstiotie from thispalaidlynanmi ¢ (e.g. air)

bearing slid . ransducer for wi.ting . inftqrmation, 15 to and readi ng
i nf or mati on ?érl%%%glﬁg"}clﬁcgéesgﬁm {S’SQPPO,&H?’ ﬂéﬁfgﬁmﬁﬁlﬁg@ﬁgﬁi% bs the heads
fromtrack t aeighediomathe dissart Reownias o1l @frolf Ay itcHios €6l dHeed theont rol  of

el ectroni g ci,rcu smingcludes a track accessing

i,try. The actuat.Qr meghan]
arm and hgﬁﬂreaig‘]ﬁ{\g’ﬁla“%é’%ﬁﬁﬁhg‘f‘i@? 8?36?‘{%%%??’4‘?88%\‘.“ shibedisa general Iy
includes a | @fde.headmeanditas grefehdle to 289 tﬁéﬁ@h%@fﬂll& es BfthEdER @ rigid beam
section to which thesgl nbal is attached. The rigid beam section of the
| oad beam t r ¥h€R Biounted 19 the HGAd force froma flexi bl e beam portion to the

head which f ' j moal i
ea i ch forcesThdgadGash, HONRK &1 h@&aﬂicﬁ(‘str?blﬂ?gﬁﬁ% a nggnaglc al s

positioned between the rigid beam section o eam and the slider
to provide Eequegey,whish cameavee instebilitytiatheGAwThe fiest beridiigrmods ofi t ch and
roll whilg 28,k QWi e : | rhe di se. Ny rtant

perfor mance-r gl at e% Ce?.?lgﬂ@fég& ggqﬁﬁlg)@%&?lg;%n%\?\ﬁn&gsm %)%lcaggg fc attitude.
The static aft4 planfethafis transvegse td dhie plaefeaf thetload beempreh thednad beamiient at i on  of

t he slider ':;Il;! > [ f .the di,sc over, which jt is
flying. Thewgs I %g?gl?ogﬁ %}eoglél’rn%?a;gxégﬁgﬁ O&dto?)mf'l §°"a”?“"é Wgﬁé‘pﬁﬁi ned
orientation fmagpinabd tigid Bén septiorndf the Joadibdaim aHoat thel ldngitedimdl akibiehsli SC.
Devi ati ons ffogglogarr]rll Becbits: allslyr%lme{n%l a%%tlnqges P)Ingltu%in]él éA\xFl)sB ggéx}esult, the

15 load beam will also vibrate or oscillate in a horizontal plane at the resonant

frequency. This horizontal movement produces off-track errors thereby limiting
the performance of the disc drive.
When the head is mounted to the load beam, it is generally oriented with
non-zero roll and pitch angles. The roll and pitch angles can be forced to zero
20  degrees using a static attitude adjust machine (SAAM). Clamping members of
the SAAM attach to the rigid beam section and twist the rigid beam section
along its longitudinal axis to set the roll static angle of the head to zero degrees.
Prior art methods have positioned the clamping members at the extreme ends of
the rigid beam section to maximize the distance separating them. The desire was
25  to minimize the amount of twist per unit length of the rigid beam section to
avoid damaging the rigid beam section. Unfortunately, these prior art methods
produce HGA'’s having undesirable off-track errors.
There remains a continuing need for improved methods for adjusting the

roll static attitude of the load beam. In particular, there is need to improve the



WO 01/ 43130 PCTI USOQ 42550 -2 which result in the front and back edges of
the slider being at different heights fromthe disc are kn@v\pﬁ Ethh
errors. Deviations fromthis parallel relationship which result"™ Béhe
opposite g the slider being at different heights he disc are
known as ?‘jﬁﬁgﬁ)or S. Any pitch or roll error in the 5 d%éf/ﬁ‘@a}“ﬁ%g/i ng
attitude of the slider can degrade the performance of the disc drive. As
aresult, it is preferable to zero the pitch and roll angles of the head
when rmounted to the HGA. The | oad beamd- as with all nechanical structures,
has a resonant frequency, which can cause instability in the HGA The

first bendi ngendshd thel&hdtﬂéﬁm'ﬂ%tiﬁigeﬁseﬁuglswg&ﬁ?ﬁg@gm'toogd beam t o

vi brate or nove in"a vertical plane or Asverse to the
pl ane of t he FKiNZEEmIckisEarsTeslting fvnbibe first bendingmederdfthedIGAT a

| ongi tudi nal axis of the I%mma twist is made in the
rigid beam section of the | itudinal axis, the |oad
beam becones asynifbe piesenhinverttion helateotogi thethodald apparstus ﬁﬁfx’:bv[cﬁaﬁgul t, the 15

| oad beamwi I. ibrate . or.oscill.ate in ori zqnt ane at the
resonant fr ééﬁ%kgél)r.o\ﬁ'ls%gg%? ?@%%Pfﬂt f%\‘?@#‘rﬁ‘mab&g?sé 18 %@Rlsﬂ Pk errors
thereby |im tih adisc tities. Phe inethodolhe plesdnd trvelhtish ifibtoves roli@fic hife head is
mounted to thg. | oad a}xgn%\ﬂjllt idzaﬁgeneral |y oriented with non-zero roll and
pi tch angl es 2UHFEeRLEE2 OPAtec; a vl gud pfan H@As Inthemethed. 2igh 20 degr ees
using a st at istesirégidnis formeq bhthe ABADERR sécBOMoxirkat@ A RisAYelBRe s Of the
SAAM attach to the rigid heam section and twi st the rigid beam section
along its lo G’GI“RH'%I%F%} I is GouRled. Prroxigal clamping eezbgt is cotpladite head to
zer 0 degriges the rfi¥id Béantdebtidial hd b | j nbers at
the extrene endl?of t he %g?gg%ggﬁhxfggﬁﬁgénm?%ﬁ%éﬁxﬂnﬁ% fzhgﬁtg%éﬂg?lgance
separating t Aelpst ongofdhesdistel apd groxinal slampingmemabertis rotated aboudthet wi st per

unit length I G Y j i the rigid beam
section. Unf g"tg&_ﬁ‘g?géfg? g%cﬂese g‘?i&g}re %g%‘%l&r%)%lgggfﬁgg%%%gj Pﬁf&\‘ngf havi ng
undesi rabl e @lmpinggesmbsrsreaches atadjust anglraresvdting io ocbangaiime rekstaticor i npr oved
met hods for ﬁﬂélé’ﬁfﬁx@ﬂeaﬁhe roll static attitude of the | oad beam 1In
particular, théere is need to inprove the 2 1 APR 2004 WO 01/43130

PCTI USOQ132550 - 3The apparatus of the present invention is directed to a load beam of an

HGA for use in a disc drive. The load beam includes a mounting portion, a

flexure arm, and a rigid beam section. The mounting portion is adapted to
couple the load beam to a track accessing arm of the disc drive. The flexible
beam portion is attached to the mounting portion and is adapted to supply a pre-
20 load force to a head of the HGA through the flexure arm. The rigid beam section
includes a proximal end that is attached to the mounting portion, a distal end
attached to the flexure arm, and a high stress region. The high stress region
includes a plurality of apertures which define high stress contours of the rigid
beam section where plastic deformation is desired during roll static angle
25  adjustment.
These and various other features as well as advantages which
characterize the present invention will be apparent upon reading of the following

_ detailed description and review of the associated drawings.



sensitivity of the |oad beamtw sting by the SAAM whil e sinul taneously
reducing off-track errors resulting fromthe first bending no 10APR%UI.
HGA. SUVMARY OF THE | NVENTI ON The present invention relates to a method
and appar providing 5 inproved roll static angle adjustment for
head gi nb%ﬁ/éslgéml ies (HGA's) used in a disc drive. THET ﬁ@t"%ﬁs%f t he
present invention inproves roll static angle adjustnent of a head | ocated
at a distal end of an HGA. In the nethod, a high stress region is forned
inthe rigid beam section proxi mate a-istal end where a distal clanping
menber is coupled. A proximal clanping menber is coupled to 1o the rigid
beam section a distance away fromthe distal clanping nenber. Finally at

| east one of the distal and I‘OXI rral cl arrpl ng menbers i s rotated about the
| ongi t udi nal axi s such o P PRAYANGSon of the di stal and

Pt he ol T oot P?‘@S‘%Eé&sﬁﬁﬁmﬁz%aﬁ%ﬁ% AR 0 e oy esont
i nventi on i s edibodipteatiofitlie predentidvdmtian of an HGA for use in a disc drive.
The | oad Reaminc m)untln orti xur e rm and a rigid
beam sect ?on Theﬁrr@é)un Phy- PBrRe’ Y’%wﬁgﬁbﬁaaéuf‘%iﬁaisﬁﬁ Blvdnt he | oad beam to
a track accesscondpnes witlobne disbodinsent of thy Rwerkiv. f | exi bl e beam portion is

attached to the i ortion and is adapted to supply a pre 20 | oad
force to a head g?ﬁ?hesﬂ af"ﬁfsoﬁffj‘I‘P“@h\élc‘f’PgXlﬁ}V@f&rhﬁ@d algsggmblibeam secti on

i ncl udes a pﬁmwcaﬁhndarvcdthtdmabmbsdlaqbﬁtaﬁhﬁqw&nwQalésﬂuﬂﬁﬂé‘ﬂs BPF%Q” a distal
end attached to H}g Llexure arm . and a high Stress regli on hi gh
stress region Geshows ?)?‘H‘PBf?Q‘QPBPDé(WQf@rlvsdﬂml@hammblnmﬂu gh stress

contours of bh&plﬂg%é?nbeﬁ#b?@s?aﬁ@Ehxﬂﬂe%ﬂgt%&h&%?bﬁu%]a% Eigta #hel s desired

during roll static angle 25 adjustnent hese vari o r features
as wel | as alsampargeningseardance with o embodimentof thegsasent inventiort i on wi | | be

e esoc ated dr a3 sBw iagrhe it o Bbh BB ST 15050 4 B o
DESCRI PTI ON @FWHE@R%SAHI‘@IRO@al@dmmmlmr spective view of a disc drive
in accordance wi tge @?saﬁm&q}t%%seﬂfng arlgetﬁor(fa gfeag}ushn Y{he 50'“9 sntatlc

15 angle of a head of a head gimbal assembly, in accordance with one embodiment

of the invention.
DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

FIG. 1 is a perspective view of a disc drive 110 in which benefits

of the present invention can be realized. Disc drive 110 includes a housing with
20 abase 112 and a top cover (not shown). Disc drive 110 further includes a disc
pack 114, which is mounted on a spindle motor (not shown) by a disc clamp
116. Disc pack 114 includes a plurality of individual discs which are mounted
for co-rotation about central axis 118. Each disc surface has an associated head
120 which is mounted to disc drive 110 for communication with the disc
25 surface. In the example shown, heads 120 are supported by head gimbal
assemblies (HGA’s) 122 which are in turn attached to track accessing arms 124
of actuator 126. Actuator 126 is of the type known as a rotary moving coil
~ actuator and includes a voice coil motor, shown generally at 128. Voice coil

motor 128 rotates actuator 126 with its attached heads 120 about a pivot shaft



5 FIG 2 shows a perspective view of a head gi nbal assenbly in accordance
w th one enbodi nent of the invention. FIG 3 shows a cross-segti onal view
of view of a head ginbal assenbly in accordance with one enb®d rMRtZ
t he | nvenwe#§iazizaken at line 3-3 of FIG 2. FIG 4 shO\r{r\gCﬁUgomsbfi ed top
pl an view of a head ginbal assenbly with 10 cl anpi ng nenbers of a static
attitude adjust machine positioned along a rigid beamportion in
accordance with one enbodi nent of the present invention. FIG 5 shows a
magni fied view of the portion of the héad ginbal assenbly of FIG 4 that
is contained in circle 4. FIG 6 is a flowhart representing a nethod of
adj usting t hel3Qwpesitien kead120rnykera désired deatlachialdhghgath BRHeAteeRgSENDI Y, N
accordance W 4: i;AEnt f the j.nventiaon, DETAI LED DESCRI PTI ON OF
| LLUSTRATI VE %E'@%Bﬁ?%ﬁ%qlﬂ?@d iglf%°‘§efﬁt?‘§$5€c‘@gv¥°mswl BOt5 di sc drive 110
i n whi ch beneéperaes unflertcontrqliof idrhal icitvity 138) Waike BRuit§alitkdLhtertdi SC drive
110 includes a_hqusi Wit h 28@2 base 112 and a top cover (not shown).
Di sc drive 11‘6“‘%‘3’?%‘#3%“‘?‘148% the data o by stored mtq sucqessive gadeavordsandsendsed on a
spi ndl e nog orthé bede V@A khdXbrid ofla SeriaF Al ] includes a
plurality of i r}%l Xil‘_'gga . discs which are mﬁ%gé?gftiﬁeg‘gﬁér(g%ﬁ%ﬂ about
central axis P13 whigh eprcodesmagnetia fiux reverslswithinmauhghetivdayet 80 whi ch i s
nmount ed to dithediEE suHeed 10 for comuni cation with the disc 25 surface. In
t he exanpl e shown, heads 120 are supported by head gi nbal assenblies
(HGA' s) 122 whi ch FABe2 shews aiperspectizie Hew of on exaanple oflH@AIRRgndFIG: 3124  of
actuator 126. g i f n ary noying coil
sh6Wb K Bl sedtedhal vie@of fx&%fzg,ﬁ,gkeiﬁ a?%e 33—2 Rg}’g?hymélmi&z/

actuator and includes a voi ce col Sho 8. Voice
coil notdr 1081GAL2and pasitiored@boviisomutface 146. Also aledwarin IFEGS shd0 about a

pi vot shaft 1 -5 2 APR 2004 CT/ A2550 130 to position
heads 120 ov\g%rgiggigi]l?%a' %éstlé%t?néic?axéﬁ bﬁgjl?%plﬁg?ﬁi%g?g@p&gg}pa di sc inner
di amet er 134 bear 148 didsgimbait150. Ibadrbedra 148 géherallp ifudedmbuntBioQorticAPer at es
under control ngﬂéxg,tleeg nal OcirclL§i4t r.% %38. W.i tﬁci rcuitry within internal
circuitry 138 Gl e pogign 154, rigid bean, section %I%E%%%Wél%de wor ds and
sends 5 the atigeedwithdsaini42)end Mexiiteddrma 69 Mo@tin pahRE 195 idcfugsd gnal to the

wite transducer .
af} swage hole 162 which mounts to track accessing arm 124 (shown in FIG. 1)

through a base plate (not shown). Fiexible beam portion 154 applies a pre-load
force to head 120 through rigid beam section 156 and flcxure arm 160 to limit
the flying height of head 120. The pre-load force can be applied to head 120 at
dimple 164 of flexure arm 160.

20 Each head 120 inqludes a hydrodynamic (e.g. air) bearing slider 166 and
a transducer (not shown) for writing information to, and reading information
from, disc surface 140. Gimbal 150 is positioned between rigid beam section
156 of load beam 148 and slider 166 to provide a resilient connection that allows
slider 166 to pitch (rotate about the z-axis 146) and roll (rotate about

25 longitudinal axis 158 or the x-axis 142) while following the typography of disc
surface 140. Slider 166 includes air-bearing surfaces 168 which face disc surface
140. For example, a conventional catamaran slider includes an air-bearing

~ surface 168 that includes a pair of raised side rails 170 and 172 which face disc

surface 140, as shown in FIG. 2. Air-bearing surfaces 170 and 172 are aligned



on head 120 which encodes magnetic flux reversals within a magnetic |ayer
on the disc surface. FIG 2 shows a perspective view of an eza%m ?h ,'HGA
122 and FIG 3 shows a cross-sectional view of head 120, taken [ %
3-3 of Fl unted 10 to HGA 122 and positioned ab i rface
140. Al'so s?h‘gmﬁi@n FIGS. 2 and 3 are x-axis 142, y-axi soé{%ﬁoiﬁﬁ%g-axi S
146. Typical HGA' s 122 include |oad beam 148 and gi nbal 150. Load beam
148 general ly includes nmounting portio 152, flexible beam portion 154,
rigid beam section 156, |longitudinal axis 158 aligned with x-axis 142,

and flexure arm 160. Munting portion 152 includes 15 swage hol e 162 which
mounts to tr cRPRraxiuael pargllel tonthe Brbigérmiabvelodity oFtie dist) Asldfcqueibtdedase plate

(not shown). i am.portion 15 ies_a pre-load force to head
120 t hr ough r%%egégn%gtgé‘étﬁgw&%‘%a%jﬁg R&Lﬂﬁl%ﬁ&ﬁ?ﬁ QEyrbegring it t he
f1yi ng hei ghtsucfhcel @68icalidt3 theldueprpystrel lefrbeh HeGRERDHFRRC qtp(rgdgeﬂ,_t o head 120
at dinple 16{}1 of fI'xurlg%ar.m 160. 20 Each head 120 includes a

hydr odynani ¢ &S o nGigase Mhird creatrs adpdrodynamiclitiog farce thaot  shown)

for witing icatses stifet D65 flyCaboté e EEBE B8 disO | AT, "B ppl lgsc surface
140. G nbal ég,gris pqs',tj}ghngd bgt ween ri Si d%(%pgé;%?égogmﬁéheof | oad beam

148 and sl i dewdrpdynamic iftigg fores rsadhean qnidibrium based aporothe hpdbdylaméars sl i der

166 to pitch prsRlRt 6f AP Atter iddBihd s | (rotate about 25
| ongi t udi nal pglxﬂies 158 or N{exhe x-%ﬁaifdf%?a%\%?fgség{or owi ng the typography of

di sc surface 140ltisyigsired thatdead H fixddmvadise bébatiapgedeterhme®folll68 whi ch face

di sc surface gndidQuhi tional catanmaran slider - ncludes
an air-beari r?aé{ ’Sfjl}l%ggg%ﬁgp%ﬁ%tﬁeﬁ@?u&%m at??éf’ﬁ"e@f’gggfaég?i‘dsl%& rails 170
and 172 vifii clotptad abayl xexis 441 felative tilisc sasfacBANIN the ExafBipledshowi: fir Dear i ng
surfaces 170 7 | i gned 2 APR 2004 01/ 43130 _PCT/ US00/ 42550
-6 appr oxi nath(P'Sj’ g)hgr%%lﬁl%le%tsa rﬂ’&"%?#g@ﬁ?'i‘é&’%?@ Pf"%e'bli'ea@ﬂgo Bisc. As disc
140 1ot at es, mognted felpabiwaindH8zit Is pgeheralyeoridned o6 4 fri¥e@ed 1Bard SKi n

friction on g [ .beari surfaces 168 causes the air pressure between the
surface of d?g%:d?}fﬁéré’ﬂ%"%gffgn broSst g 2 sipticatitude ghiust machiea BA4dMani ch

creates a hy@hefxadincluliésiclanipgng MérmBers haﬁich%a&&id&@%icﬁﬂéaﬂ%@c%ﬁ%gl y above
ydrodynam c lifting

the surface of djsc. 140 The pre-]oad force and the h
force r eea}ch g%ouglﬁﬂglﬂjam iy @s‘éﬂxﬁd@) toret the wllstajia angle of head p20 toi es of t he
slider and t the degieddettiig (@fically 9ftoAbgdisyC 140.

FIG. 4 shows an example of a load beam 148 (without gimbal 150) with

clamping members 174 of a SAAM positioned along rigid beam section 156.

The details of clamping members 174 and the components the SAAM to which

20 clamping members 174 attach, are not shown to simplify the illustration. Rigid
beam section 156 includes proximal end 176 and distal end 178. Clamping
members 174 generally include distal clamping member 180 positioned adjacent
distal end 178 of rigid beam section 156 and a proximal clamping member 182
positioned toward proximal end 176 of rigid beam section 156. In general, one

25 ofthe clamping members 180 or 182 is rotated, relative to the other clamping
member, by an adjust angle thereby twisting the portion of rigid beam section
156 positioned therebetween to the adjust angle. This twisting of rigid beam

~ section 156 produces stresses in rigid beam section 156 which, when in excess



It is desired that head 120 fly above disc 140 at a predeterm ned roll

angle, which is typically zero. The roll angle relates to the &ngthmr'
head 120 is 10 rotated about x-axis 142 relative to disc surface 140-""Fn

t he exanp in FIG 3, the roll angle is approxinmgtely zero.
Unf ortunate 03}191 en head 120 is nounted to | oad beam T}gﬁ'ﬂ?’spo/? 50gener ally

oriented at an undesired roll angle. The desired roll angle can be set

using a static attitude adjust naching (SAAM. The SAAM i ncl udes cl anpi ng
menbers which can twist rigid beam secttion 156 15 about | ongitudi nal axis
158 (x-axis 142) to set the roll static angle of head 120 to the desired

setting (typobfayiel vakkal®s pedhentdeformaticnR¥eidMRam %adiioh §5€5q@ | 0ad beam
148 (without Ef‘gl nbal 150) with clanping nmenbers 174 of a SAAM positi oned

along rigid FEWRBapp jB-ﬂmE’P}é‘?theTﬂ’éS"G@igﬂgiesOféﬁaddZerpi ng nembers 174 and the
conponents the SARM 'Mfﬁhwﬁ?ﬂﬁh@ﬂ%@@bmﬁﬁéﬁ%ﬁééﬂ&@?ﬂi& e not shown

to sinplify the illustration. Rigid beamsectio I nc pr oxi mal
end 1 76 andofrigid heampsegtianr 6 avenitpentite lengthremininize daeagertatigid i ncl ude

di stal cl anpj : 1 1 ,acent. djstal .end. 178 of rigid

beam sect onb%%lq arllg a56prrﬁ§§<?'r9r§a+écg%§%e§g* ﬁ‘gsﬁt%té]%ngfiﬁal apd proximtled t owar d

plr oxi mal endclamgping membgisd 80 eadr &bastfamgaﬁﬁﬁ;roskxhlegmngmld, beﬁﬁl&e&ﬁm?f t he

cl anpi ng ne : | § . ,otate ative to t ot her.  cl anpi ng

menber, by 225?621 | ég{)‘c’hg%ﬁﬂhe%ltd?‘ugr%}ﬂc ?W“Qa[ ﬁ@‘“’i’lﬂfé“‘ﬁﬂﬂ%t"i Qﬁ’ ?J?fg\“_?dg‘i‘d beam

sect 11 og 156thppspntaroTg:gsmbmdeidﬁcm?mﬁxﬁaltem_IMﬂt_ii‘ggdEd&g{@,ctidl}{\!vﬁlet \:1.“5Zt :Aﬂ_g ﬁf

rigi eam secfi.on. odyces stresses.in rigi eam sect.ion i ch,

when in exce ‘§‘a§°‘?mwﬂﬁ’8‘é‘zfq%‘m9s&§f aspstops Q‘B%J%f‘l@é%s as/passidlg, yi el d

val ue, cawsess shewiTBIEIG 4. OFHc@patidd ©6m afstdl b 78hed 18 Atdn@thniafofnd results
roll statig¢c an of head 120. In the prior art,

in an adjustnent. t e | e, {

it was thougﬂfnb?lolsaéﬁ@bﬁbf‘f‘%‘i‘?PUIf:éh%%F%%m@d‘?e@hﬁéW%sﬁrﬁlﬁjly of rigid beam
section 156 guéRionéd seafidblifgchdl€ngs.h to mnim ze damage to rigid 5 beam
section 156. This_was acconplished by positioning distal and proxinal

cl anpi ng nenber s_TiB_Giséﬁ'?EF SFerating ¢lampiag membsss 180 and Heasfountintheyi d beam
section 156riof BhSs hefindl Q¥ Mistaflc 8P wifet 10 fle Qisbhn 02 bdRLerGhAPLAYY MeTDET 184,
as found in the prior art, is positioned adjacent proxinmal “end 176 of
rigid bebm s¥Otof siampingimembgr t84anddhsiderdge 1 9ofislistal tBEping membari oned as

close to disigdl pifihod 188 BRI Bbdter obh 7% SN 16k 1 phamTNE SPACT NG

fromdistal end 178 Is attac
148, which is defined as the distance between center 196 of swage hole 162 and -

dimple 164 of flexure arm 160. Length 194 of a load beam 148 of a typical
HGA 122, such as those mentioned above, is 0.6 inches and distance 188 is

20 approximately 0.216 inches. The prior art positioning of clamping members 184
and 180 maximizes the adjust angle that rigid beam section 156 must be twisted
to produce a desired adjustment of the roll static angle of head 120.

Although contrary to the rationale for the method used by the prior art,

one aspect of the present invention involves reducing the distance between

25  proximal clamping member 182 and distal clamping member 180 to improve the
relationship between a change in the roll static angle of head 120 to a change in
the adjust angle. The magnitude of the stresses within rigid beam section 156

- when it is twisted depends, in part, on the distance separating proximal and

distal clamping members 182 and 180, respectively. For a given adjust angle, as



gimbal 150 (FIG 3). As a result, distal clanping nmenber 180 i ﬁenerally
positioned near tooling hole 186. The di stance separating cl arréi APRe rs
180 and 184, as found in the prior art, is defined as distance 188 which
is the di etween inside edge 15 190 of cl anping er 184 and

i nsi de edg‘t(’a&%gl%f di stal cl anpi ng nenber 180. Di stance ?03’465591& ally
greater than 31% of length 194 of | oad beam 148, which is defined as the
di stance between center 196 of swage hgle 162 and dinple 164 of flexure
arm 160. Length 194 of a | oad beam 148%0f a typical HGA 122, such as

t hose nentioned above, is 0.6 inches and distance 188 is 20 approxi mately
0. 216 i nches.thd tistandel separiing ppH&mhll 228 diveal efamﬁil@rﬁgn{&rsggm& ?8({1)84 and 180
maxi m zes the adjust angle that rigid beam SecCtion 156 nust be twisted to
produce a desieFweresdheiapgnite ofithe steesses Withinrigid beasmsptiéonol56linaehsds20.

Al t hough contAg4 sl tHeR@; | aq,Fl,_\e/p by the prior art,
one aspect of the pr esen{ugﬁgggﬂ%ﬁaﬁ&o ,eegﬁ%%gﬁ%#ﬁgﬁ%lﬁ%md}g& ance between
25 proxi mal deamseqtign daetesreases s thedlistance s¢pacatingrhierctpmpinghrembedd t 0 i nprove
the relatsio [ e e rall static,angle of head 120 to
a change in Q?Egﬂ%gﬁfgteﬁgsﬁglIggﬁgﬁgbdr@a%%%n(fgagpmalﬂ% s withinrigid
beam sect i on m&eer hWhreis réplaced by piosined cllmpimpdsemben 1 98which Riepdifedli St ance

- copect i vel v Teph R Alfhind bR SRR Aare® I s pansisnDhetvens osdera 130

PCTI USOQ/ 425%0ge B2tdf prairsdl ahempirpananisd il 08 am inxie@dge antlotiisghal ¢l anpi ng

menbers 182 and 180 _decr. egs, t ragni tude of the stresses within rigid

beam sect i on%%gﬁmfgr{g%d%%ég&%‘ﬁ%’m&gggéﬁfgf’ftﬂ% distange {88 ¢fghepriasgtti red t o

cause perivanessta reeitphepdlitidasti® bétiveérth clﬁﬁ@éﬁh%il@ﬁﬁé%%lgmd e P PRSP als the
ecreases. |n one

di stance separat,ng the cj)anping nenbers 5 180 and 1

enbodi nent , 9?8‘}"“g"r'ﬂf‘t€‘?%iklisg§1gleclﬁaﬁﬁ°ﬁgi Imetheravordg 4 load beasplid® ed by
proxi mal cl awpisted witEReipinkIBectbtrs 08 5d380 Az Yosif | | anpi ng
nenber 180 b tﬁ di stanc,eplﬂzggge asrrreasur ed beat meg%Sl{lélx{s%?hd‘gAC%%@%‘g(éZOZ of
proxi mal cl agﬁﬁ'

: e I?f%%?ﬁ'e‘?“’ellg@’émoie@ﬂ%veéd geharge ingthe aldjsst ahglettmnpi ng nenber
160, D st ancaodouiewhe: asiblchdng LA Al e BpdSouR | 10,45 2

result, the relationship between a change rnt rc a of head
120 to d5chHK@EOr#tt he adjust angle is inproved. In other words, a |oad

beam 148 twi st edpWuk anﬁ&ﬁﬂglixt%gﬂ{gqm%ign,]d?s%angg gooliggretfer}eﬂ)tly are positioned in

accor dance )
approximately 21% of length 194 of load beam 143. For example, if length 194

is 0.6 inches, distance 200 is preferably approximately 0.126 inches. Distance
200 is generally limited by the maximum twist per unit length that rigid beam
20  section 156 is capable of withstanding without causing undesired damage to
rigid beam section 156, such as the formation of kinks or other discontinuities. It
has been determined experimentally that this limit is approximately 4% of
length 194 of typical load beams 148. In a more general embodiment of the
invention, distance 200 is less than 30% of length 194. Additional embodiments
25 include lengths 200 which are, less than 25% of length 194, less than 20% of
length 194, less than 15% of length 194, and less than 10% of length 194.
Further embodiments of the invention include additional limitations of distance
- 200 where applicable to the above described lengths 200. These embodiments
include lengths 200 which are greater than 4% of length 194, gi’eater than 10%



with the present invention, is nore sensitive to a change in the adjust
angle than would otherw se be possible using roll static ang Iﬁ@#?st ment
met hods found in 15 the prior art. In one enbodi nent of the’i t

di stance $RPoilsS139" €f erably approximately 21 % of |ength ad beam
1 I+3. For exanple, if length 194 is 0.6 inches, di stan’(’:%lgﬂéﬂ@;‘fsgs)

preferably approximately 0.126 inches. Distance 200 is generally limted
by the maxi mumtw st per unit length that rigid beam 20 section 156 is
capabl e of wi thstanding w thout causing undesired damage to rigid beam
section 156, such as the formation of kinks or other discontinuities. It

has been det eofmengem%@watemmasvomfwm 190 edithdn 30h6 BPREAX A GRT el v 4% of
(0]

| ength 194 of beans 148. 1n a nore genera I frent of the

t |
i nventi on, %‘f‘%@l C&M 25% ¢fdength 194, St Garther ﬂtﬁmlhe arglodirAchds of theal
nmbodi 2 O0 fol h 194,
enbodi ment s ﬁlvérﬂibhliﬁt@ude%ﬂﬁbgﬁlb?%nﬁﬂaﬁ&igf}ﬂo?ljxﬁ% %Eﬂ%%é/ of l'ength 194

| ess than 20% of | engt h 194, |less than and | ess than
10% of | engt himimum linjtatipps o faistange 2ht's of the invention include

addi ti onal Ilmtat licahle to the above

descri bed 5Iengt hs I300 T eg%lpe%g g? %&%ﬁ@ﬁ}g{% P we gﬁfﬁ which are
greater than Psynafent éﬁrfg!mtlo_@ﬁng;dbmwcumrﬁma p}emaﬂ 42 01/ 43130
han 206 of 1 Eagsin Shigh S0 lerttno BBl hea3diont S Blemmeds 1 P o o1

t han 20% of |‘engt r'eat further

alternative eaﬁpm;hma;eivmthin ¢1i'¢l£4and\uemtd1§tﬂ clanspitii@ember 180S3iskdven nONDI nat i on
of the above r@{r? and .mi ni num | i mitations, of distance 200 5 During

static rol | angr & SSPUREHEHE STSISEOROHTS2Fe louad indvighyiiiess weien 804 duer manent

def or mat i tn ab aredyicetl drosreaRnbl 06 JFPRidEH sBetid 15900 \@td of theakes  pl ace
which 1s | ocated

in a high streébf ‘%%l on 204 of %%:g\cg beam secti on 156,

appr oxi mat el YMFHF sieFiqnal area; bamy ?esftl%l%u&mgn@fr#é@meng aB0, as
shown in FI aglébeﬂh@a@oMIm&kmsn&%&@w&ad?sweﬁf i gh stress
region 204 due 1Q to_.a reduced cross-sectional area ri gl d eam section

156. One caus@uss Poplng halgif%d cross-sectional area of rigid beam section
156 is the generallnbmuoaﬂnéhftofthémvE’nti%ﬂaﬁK}ﬁ?tPés&ngm#z@ i QREPx! Ml end
S t00

176 toward distal end 178 not her cause I n one
enbodi ment ofoYifprningarertres R06, rihidh ase showm bessdilGns, zvﬂﬁch is 2 enalggified d

view of high stress region 204 shown in FIG. 4 without distal clamping member
180. Apertuses 206 are positioned in high stress region 204, preferably near
tooling hole 186, and cause the stresses in high stress region 204 to become
higher than they would be without apertures 206 for a given adjust angle. As a
20  result, apertures 206 cause the onset of plastic deformation of rigid beam section
to occur earlier and at a smaller adjust angle than would be possible wﬁthout
apertures 206. Furthermore, apertures 206 can be used to control the locations of
rigid beam section 156 where plastic deformation is desired during roll static
angle adjustment, thereby limiting the area of rigid beam section 156 that is
25  damaged or permanently deformed.
Apertures 206 are preferably oval in shape, but can also be formed of
various other shapes, such as circular, rectangular, and polygonal, as indicated at
~ 206'. Apertures 206 are generally positioned at an angle to coincide with

maximum stress contours that develop during the twisting of rigid beam section



15 by form ng apertures 206, which are shown best FIG 5, which is a
magni fied view of high stress region 204 shown in FIG 4 w t2| P? gqogl
cl anpi ng menmber  180. Apertures 206 are positioned in high stress

204, pr ef I/‘%Hﬂe tooling hole 186, and cause the stresses in hig
stress regl on to become higher than they would be vxl"fW"‘%?ﬁ'brtur es
206 for a given adjust angle. As a 20 result, apertures 206 cause the
onset of plastic deformation of rigid beam section to occur earlier and
at a smaller adjust angle than woul d B possi bl e without apertures 206.
Furthernore, apertures 206 can be used to control the locations of rigid

beam sect | onliéﬁud\ldiwheawh;aﬁ&h%ﬂﬁfc%ﬁIg'rﬂé?nﬂ§ Pt g?‘gﬂg ﬁ{a]; roll static

angl e adjustnent, thereby |imting area o ion 156 that
i s 25 damageBrosima)sndsdii8 and 9763&59‘?0%%1)’, oftherrigid baanez(eetuaﬂ%plhebﬁ ably oval

in shape, bubmBafimentSH eRﬁ‘re; %d@g O)ﬁgrpeﬁliez[lfy%ld Sitif '&eéo%?a %l nuSh as

circul ar, rectangul ar as imarca A&ert ures 206
are general | y%aqutlamth@ emtbomeahgbmesZO@amsyxdrhemcﬁlly po¥Rphed!m St ress

contours § hay, t ti n m section 2 1 APR
2004 WO 051/ 4%%8”%%2@% eﬁ‘\# '%%réo %’%@P@ﬁ&*saﬁy from di stal
cl anpi ng nenber 1'H@gewairmlethddaxsddBﬁ&bp&ﬂ&tnﬂeﬂ&dmladﬁaqnﬁe%ﬁgmﬁgd 176, t

e i ment, apertures

respectlvely id. b ti.on
206 are symetri ca{'Ft?A l%%?l']ﬂ‘i‘ ﬁtgﬁl SE}PWI‘%%P‘?FJ@ Prafst sigp 310, abigh | n yet
anot her enbosiremaglpnaoerstfmlﬂﬁ@d%ﬂnﬁ&ﬁﬁﬂﬁﬁﬁhﬁéte%ﬁéﬁeh@? 5 about an

axis 208, whjich is (f@e cular to longitudinal axis € gener al
net hod used §/mF'ﬁté°"B ROt ?W&’éﬁtﬁ%mtoa%Pﬁ&)@mﬂwbymmmwagpﬁ angl e of

HGA 122 i6s i fididédnescsior m&tb@mﬁld@tmeﬂﬁﬁs Qﬂc'to%il&oh(ﬁié@ oﬂéﬁﬁ 210, a high
|

stress reglo 204 |§ formed in rigid beamsect fate distal end

178. fragtiog of pRsrtures 20 Atisten 242.distal Che@!mmmbﬁrb&o fseouplet by t he
narrovvl ng ofpraﬁnmeghséalmema%@&&é@e%%@%ég@ ?Jamteggglofl 6. DY tooling

hol e 186, or by the fornation mgert di st al
cl anpi ng me epdd, prexipgl glareping membrmidBds ehiupled ito Bgid b&ﬂﬂsemdn hi gh stress

regi on 204 ofsghi roxi mal. cl anpi ng
nenber 198 is é’ﬁg% épm"&‘?g%dgp glg%rpﬁngxel lﬁ% gﬁ}n%g%éﬁimﬁgglpﬁ?ﬁ%alfﬂ% away from
di stal clanpi’A@f rgidibeam s@0on bStarkinglyoatistepl2 16 reithdrlistal Glaadping gi d beam

o oxi mal ol AnRE 80 oA pEbbl Top 5 Bl e Ebpeln

axxs 158 such that the relative angular position of the distal and proximai

clamping members 180 and 198 reaches an adjust angle resulting in a change in
the roll static angle of head 120. The distance separating distal and proximal
20  clamping members 180 and 198, respectively, is less than 30% of length 194 of
load beam 148. This method results in an improvement of the relationship
between the change in the roll static angle of head 120 to a change in the adjust
angle.
At least three advantages have been realized by the improved method of
25  the present invention. One advantage of the present invention is that load beam
148 becomes more sensitive to the twisting of rigid beam section 156 by
clamping members 180 and 198 as compared to the prior art. For a given adjust
_ angle that rigid beam section 156 is twisted, the method of the present invention

results in a greater adjustment to the roll static angle of head 120 than the



axis 158 such that the relative angular position of the dista Zf@?
proxinmal clanmping menbers 180 and 198 reaches an adj ust ang| B Zﬂﬂlig
in a change in the roll static angle of head 120. The distance separating
distal a roximal 20 cl anpi ng nmenbers 180 and 198, res ctlvel 0 |s | ess
t han 30%@9%’%3@ 194 of |oad beam 148. This nethod r

i nprovenent of the relationship between the change in the roII statlc
angl e of head 120 to a change in the adjust angle. At |east three

advant ages have been realized by the-llmproved nethod of 25 the present
invention. One advantage of the present invention is that |oad beam 148

becones nore t iaid.beam section 156 by

cl anpi ng me E{rﬁg&&%g\ﬁg%%sﬁwaswég g%?‘?%"%ﬁ%‘%ﬁ I gtni_lgtfnga gi ven
adj ust angl&etﬂatveangﬂadpbﬁamsﬁ;ﬂammngﬂ:sﬁbhslswmle;dthdtb& met hod of the
present inve 1S, rea dj yst tp the rol| static
angl e of he %tl’ﬁ%df‘ﬁ 243 3% S L o IR AR A8 romert oo 45500 - 11
met hod used 1orhnfabﬁstmglebf Frresulfs O aradiiithént the el SRitlahglR ¢ GeaahOWN t hat
rotating the relative angular position of clanping nmenbers 180 and 184

that are 5 selRroftl &4 avhereas tvistingsigidhemmoectiaml§o by figsame amount usingm 148
(prior art ﬁdjél{(i[ I n.adj ustment to
the roll stat %I?ﬂg%nﬂ%%b%g ea 3@8%%&%1%&“1&%&%%5&%%%&%@ rigid beam
section 156 Iluysenhevaslam; r@nb&mtanméjm@enctoamongtaneaﬂ@e sf He30 12006F 198 t hat
are position cord t resent i nvention, results in an
adj ust nent tg(ji? 2 %?rwo ?‘ta é’ﬁﬁ‘f’éngwlﬁ’éegﬂml ) g‘ﬁss‘“ﬂﬁﬁ of figidyt her wor ds,
a | oad beamlieéﬁsutiohls@ﬁwrdicﬁlc&il%deﬁﬁéﬂ roWs@fid apleddjustrii at RG@ T2 ECti on 156
to produce t‘pﬁtﬁey reggﬁ static angle adjustnent at head 120 10 with

the met hd eP’fﬁ?@Ht‘W&H“%‘S&Bﬂ*ﬁ%ﬁ‘é&Ptb@qfﬁmpr@rmﬁhe prior art.
Anot her advant agmthe;mmname;sregesfmamohmmseas Rhay of | oad
beam 148 is noved toward distal end 178, which reduces the el i hood of

of f- track eerBr148 Hfaoved tavgrd ﬁ‘sﬁl m%U%wh%reﬂws@m 1(56111190d Oﬁ'eﬁ’d beam 148,

as with all rRRehGSWhE! usll iHEEiE Gidve mipr@rw%%ds sggﬁi . \Wen a
resonant node of 15 | oad beam 148 is excited, eafn 1 will oscillate

at the resorfagshanieabsiushiss, hasmomsgssﬂnmtngomv%ma resénanbmdddefam 148 can
occur i na RENHDA 10D Gxcitbd, Tkl Bl Hleosg la af ésggatnk gch%f{\# ge '[2\)/\10

V\henloa beam 14 |ssrmetr|caout i nal axi s
first bendi ﬁ@lemk;lngfnoh/gamt bfkad begn 148 can occur in a bending mode, a

twisting mode or a combination of the two. When load beam 148 is symmetric

about longitudinal axis 158 (FIG. 2), the first bending mode of load beam 148

t he

will cause load beam 148 to oscillate in a vertical plane or along the y-axis.

20  However, when a twist is made in rigid beam section 156 about the longitudinal
axis 158 to adjust the roll static angle, rigid beam section 156 becomes
asymmetric about longitudinal axis 158 thereby introducing a twisting mode.
The twisting mode of load beam 148 will cause head 120 to oscillate
horizontally or along the z-axis 146 (FIG. 2), which can result in off-track errors

25 and limit the performance of disc drive 110. The magnitude of the horizontal
oscillations for a given load beam 148 depends, in part, on the location of the
asymmetry of rigid beam section 156 caused by the roll static angle adjustment.

. In general, the closer the asymmetry of rigid beam section 156 is to proximal

end 176, the greater the magnitude of the horizontal oscillations that will be



wi || cause | oad beam 148 to oscillate in a vertical plane or ﬁ%@ t he
y-axis. 20 However, when a twist is nade in rigid beam secti% 208y ut
the longitudinal axis 158 to adjust the roll static angle, rigid beam
secti on hy§ohgfisyres asynmetric about |ongitudinal axis Pé:.j‘ﬁlsw‘}?%by
introducing a twsting node. ‘The tw sting node of | oad beam Wi ||
cause head 120 to oscillate horizontally or along the z-axis 146 (FIG
2), which can result in off-track errors 25 and limt the perfornmance of
di sc drive 110. The magni tude of the "hGrizontal oscillations for a given
| oad beam 148 depends, in part, on the |location of the asymetry of rigid
beam sect i onpiddficedatithe desopank frequefidy and] @bd, thertedtd tBiiktBihoRNthat ot N g€NET al

t he cl oser tge asymmefry of rigid beamsection 156 is to proximal end
176, the greHp%e %W'ﬁlleféﬁ‘i“t By aoymeprximg clampingimenber 198 slosate that will be

2 1 APR 2004d¥@ & 3 b38gldGEANS30A 35804), th%%sﬁgﬁt@ﬁfgpnﬁbé#; resonant
0 at o1T1- r

frequency -and, thus, the greater the |iKeliho ack errors
will occur. Bptiemltismevedfugther framproximpl euchisirandgRseritodistal el di st al end

176 of i g1 d1heaseciftaldaqd we'phibh art)as o 88 EHY MiBhinac O wlgdlpgam section

156 is noved further from proximl en oser t al end 5 178,
as conpar ed ¢sillajensthit@re preducediin load tesml 148 of the prasgmtiitvetldorndt thehe hor i zont al

at the 1 asoRanny PBoRy A ERke b dB%RER R RuBted 5 ePkERERRSI | ood of

of f-track eramgrimproving disepirive perforchiasee. dri ve perfor nance. Yet anot her

advant age of the ‘pertesedjt idnv nt i ?Ql is that the ,aﬂ{ ustment of 10 the roll
static angle of heEd" ¥ ?5%%”’%9?8 & PIFEHI LIventRnes tagthg adiustmenteaft i on 156
yi el ds mt e theialkdtatictangle ofibeddd 20 e e6re sédokte Sifide Wkid béa scdfidn 183t hods. The

met hod of the jpresent .inventio roduces higher stresses in rigid beam
section 156y18]§%mf’6° %’%‘EVO‘?‘F%W"QF‘EEP?% g‘i%l%iora%rr@ﬂpéf- Th sting. These

hi gher st r esmethod 68& prefdnCinyértiof] piddu@s highbr §tiedicd irhg,aﬂbéﬁﬁﬁécﬂsh 156 to be
reached fastlesrfé%gus |.eadi ng .15 to qui cker plastic deformation of rigid

beam secti on 1o shortprelesn length aatlable fos twisting: yThese higksmamesessi n the rol |
static angl ecalig the $iBRINESss oF rigidbeafiséteibn "1‘5‘69{3 e éach%dTﬂEtgy t%ﬁ%le%d??%umr y, one
a netho r

aspect of the present invention is directed towar adj usti ng
a rol | st%at ite quiskerelastic deforanation ofyigid beam sqcyion P36, AFlagesulAhe 20 122 i ncl udes

a | oad beamsiAgiNAUira¢hangk GEE PoillRtic gl WGhiiMIL Bthe ALt aditis 2Nd @

improved.

In summary, one aspect of the present invention is directed toward a
method for adjusting a roll static angle of a head 120 of an HGA 122. The HGA
20 122 includes a load beam 148 having a length 194, a longitudinal axis 158, and a
rigid beam section 156. In one step of the method a high stress region 204 is
formed in the rigid beam section 156 proximate a distal end 178. Next, a distal
clamping member 180 is coupled to the rigid beam section 156 proximate the
distal end 178 and the high stress region 204 and a proximal clamping member
25 198 is coupled to the rigid beam section 156 a distance 200 away from the distal
clamping member 180 toward a proximal end 176. The distance 200 separating
the distal and proximal clamping members is less than 30% of the length of the
. load beam. Finally, at least one of the distal and proximal clamping members

180 and 198, respectively, is rotated about the longitudinal axis 158 such that a



rigid beam section 156. In one step of the nethod a high stress region 204
is formed in the rigid beam section 156 proximate a di stalz anIP%ZZ% Next ,
a distal clanping nenber 180 is coupled to the rigid beam secti U6

pr oxi mat e i.stal end 178 and the high stress region_204 and a

pr oxi mal 8#6;%‘}3%5 menber 25 198 is coupled to the rigid PEHIPWESPon 156 a
di stance 200 away fromthe distal clanping nenber 180 toward a proxi nmal
end 176. The distance 200 separating the distal and proximal clanping
menbers is | ess than 30% of the Iengtﬂ30f the |oad beam Finally, at

| east one of the distal and proximal clanping nenbers 180 and 198,

respect i vel y relative @galbgsbsitiof of the At 9PhbXdiN BthmAX hat a 2.1
APR 2004 WO Oy 43130 PCT/ US00/ 42550 -_13f)rel (:t ?lveﬁ?ghg}f argmggg?ﬁ on of the
distal and prigRisashesan adinstapelasasulting im pehangeiin theaollsatic mgde afithadj ust angl e
resul ting in 1RadiT0NYRs idtHol Sesh! in a0 kifbi @\[}?ak Deiviead,120. This
method results in an irrprove(;Js relati oqsoﬁlep sfé?]sg]quﬁg%n%{tﬁ)'?ye)gbmgn t he
change i n t hdhe drangedn theirell statig angletoa chimmege thendjubtangldjwiste. angl € where. 5

Anot her agpect of | ton is.directed t rd.a | oad beam
a9 of  anhoa 190 APSBeREERLdtnl BEEAL LBulch ST A T iem 25 | nel uties
a nounting P48 of arHGAA22 forfusein adisc drd@rm] OTHeiloud bhad, 148 incivdigla beam sect i on
156, and a f e armJd80. T untin tion 152 is adapted to couple
the | oad beéﬁrﬂ%?ﬁig %“%{‘ fsga%ﬂe’gﬁsgg%’?ﬂﬂﬂg?ﬁ?‘gzﬁgtﬁb%ﬁéeﬁwgdﬁri ve 110. The
fl exi bl e bearnddflparrd aronl 605%hd owitind pbeidn 162 tsHBapiBiBicbisle BRIIqON 152 and
is adapted t Su?%]té %Ta re-| pad \Me]igh s applied to the head 120 through
flexure arm %?ﬁin 3 &‘?%"e%ﬁ@&m ¢t phthe flisg drives1 19. Bheflexible beam) 176

attached 100 phioh | kishttehb®RThOROLMRIR pokRrh 158 afld &8t ttached to
fl exure arm 160, i ?i nal axi g@fSB, and a hi gphgf;tgrsi]]spzy ?egi on 204

ongi t
havi ng pl ur aPrerigady &lﬂ)gr"f’ eddo thsdheadri0 thraugh flexue 2061 605Threfigide hi gh st ress
contours of b&gn sdcGirtl BRI PRI end P aelaa{e@ DR HekBle @%&Bﬁﬁhi on of the
g a

rigid beamsigtion 156 _is desired during roll static an justment. It

is to be undérsedbtrl enhi78atached prflepraarmeltfus loogitudirat evis £38, ed and

advant ages Ohigh 3frése i M09 fh 1B t L nvention have been set

forth 20 in tghe rf or%boi ng deségé?f)aﬂyoél@%%@ggfﬁie&fTf\}ﬁnﬁﬂ?rﬁ%g%é;t ails of the

st r uct ur &5 angdefinghighj sgpssspntowrs pHis rigibmdinrsecticn 166 whie plasiient i on, this

di scl osure i gefhinlatsh bAkL anges ay be made in details,

especially i n; et t gr ép%éf. Mgltd rbgég{léercgggg%gﬂ §astred duridg rofl static angle |
adjustment.

It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set forth
20 in the foregoing description, together with the details of the structure and
function of various embodiments of the invention, this disclosure is illustrative
only, and changes may be made in details, especially in matters of structure and
arrangenients of parts within the principles of the present invention to the full
extent indicated by the broad general meaning of the terms in which the pending

25 claims are expressed.



arrangenments of parts within the principles of the present invention to
the full extent indicated by the broad general neaning of the terns in
which the pending 25 clains are expressed. 2.1 APR 2004 -34; }?EQT S
CLAIMED IS: 1. A nethod of inproving roll static angle adjusteRtllff a
head | ocated at a distal end of a head gi nbal assenbly which includes a
| oad beam having 5 a length, a | ongi tu}d)i nal axis, and a rigid beam
section, the method conprising the steps of: (a) formng a high stress
region in the rigid beam section proxinmate a distal end; (b) coupling a
di stal cl anpi ngyRALRS ¢gi d beam section 10 proxi mate the di stal
end and the hi CLQIM% the rigid beamsection; (c) coupling a
proxi mal cl anpilng nmAnbethod of infperoving rall Sattnareteidjmsmant ofiadieaheatedvay from
t he di stal clanpi t opar proxi mal end of the rigid beam
section; and 1%{1) *’(‘3}?‘3[{%@5{ A %iseﬁ‘ﬁg"g?‘c{‘ HEP?‘Eﬁe&aéq’adah’?amﬁ’@&ngml

cl anpi ng menBeg fenglh @ Usnditi@inh PG, aHdlh Fidld BahSseBtiG) tidYAbimag " €! ati ve angul ar
position of the distal and proxinmal clanping nmenbers reaches an adj ust
angl e resul ti ngomprisaingthgntspspfi the roll static angle of the head; wherein
t he di stance separat] t.he digtal and 20 proxi.npl cl anpi ng nmenbers is

| ess than 30%of th a)lqgwapg'agqg%s?rﬁ%sqeglga% rﬁg@ﬁ%ﬁr‘%‘iﬁ“ ngg}gl}lﬁﬁe\ﬂ ty of
the change in the roll gisalesd;angle to a change in the adjust angle is
improved. 2. The nethod of claim1, wherein: the rigid beam section

i ncl udes a hi gh st r&sopplifieondisialslamgping aramhes so thesigihbesm stsfibme hi gh
stress contoyrs of the rjgi t] ! lastic d r mati on of
the rigid bggm section igﬁ%@??gﬁ‘ﬁ%@ﬁnﬁgngﬁ% rlgl} %ﬁs%aegé gt %Sl;gldand t he
coupling step (b) includesnpsstion;oni ng the distal clanping nenber

proxi mate the high ress, region of the rigid beam section. 30
fc coupling aproximal clamping member to the rigid beam section a

distance away from the distal clamping member toward a
proximal end of the rigid beam section; and
15 (d) rotating at least one of the distal and proximal clamping members
about the longitudinal axis such that a relative angular
position .Of the distal and proximal clamping members reaches
an adjust angle resulting in a change in the roll static angle of
the head; wherein the distance separating the distal and
20 proximal clamping members is less than 30% of the length of
the load beam, whereby a sensitivity of the change in the roll
static angle to a change in the adjust angle is improved.
2. The method of claim 1, wherein:
the rigid beam section includes a high stress region having apertures
25 which define high stress contours of the rigid beam section
where plastic deformation of the rigid beam section is desired
during the rotating step (d); and
the coupling step (b) includes positioning the distal clamping member
proximate the high stress region of the rigid beam section.

30



2 1 APR 2004 -15 3. The method of claim2, wherein the apertures extend
away fromthe distal clanping nenber toward the distal and pr20>1iAm Zﬁﬁ}ids
of the rigid beamsection. 5 4. The nethod of claim2, wherein the
apertures have shapes selected froma group consisting of circular, oval,
rectangul ar, and polygonal. 5. The nmethod of claim2, wherein the
apertures are symmetric about the Ioggg udi nal axis. 6. The nethod of
claim2, wherein the apertures are symetiric about an 10 axis that is
perpendi cular to the longitudinal axis. 7. The nmethod of claim1, wherein
t he di stance segpar afj [ I : j )@%i qﬁﬁ(p S is
greater than 40g/fof Flﬁgglleg%gtoﬁlc%?ﬁtzhgﬁ?rgg%he %éa}ﬁ#esg% eal m¥t odﬁ%'f claim1l,
wher ei n t he di distahclempégamembergowhnd thié distal arahptoxihtal pndsdfiiad rigidanpi ng
menbers is Iesg thant.25% of the length of the | oad beam 9. The method of
claim1, wherer®Ht "8 st ance separating the distal and proximal clanping
menbers is | gss. t hamheRhol of bRith 2NghbreRi tht BserhPéthah € 8pes ddectdd’e et hod
of claim1, wherein the distance separating the distal and proxi nal
cl anpi ng nembeflem agoBR sonsing P girvHar; pval, reetangulast andywlygomdl. beam 20 11.
The met hod of ¢l ai [ i rating the distal and
proxi mal cl arrplg'ng g&%@?@%??f ggsrg%t gﬁrte%%%?e?{zﬁ%s qr%%f{uﬁetgf: a%’ﬂlét | oad beam
the longitudinal axis.

6. The method of claim 2, wherein the apertures are symmetric about an
10 axis that is perpendicular to the longitudinal axis.

7. The method of claim 1, wherein the distance separating the distal and

proximal clamping members is greater than 4% of the length of the load

beam.

8. The method of claim 1, wherein the distance separating the distal and
15 proximal clamping members is less than 25% of the length of the load beam.

9. The method of claim 1, wherein the distance separating the distal and

proximal clamping members is less than 20% of the length of the load beam.

10.  The method of claim 1, wherein the distance separating the distal and

proximal clamping members is less than 15% of the length of the load beam.
20 11.  The method of claim 1, wherein the distance separating the distal and

proximal clamping members is less than 10% of the length of the load beam.





