2 4 JUL 2006 1 LOAD BEAM AND METHOD FOR DESI GNI NG SAME Field of the

I nvention 5 The present invention relates to a | oad beam for a head
‘suspension assenbly of a magnetic disk storage drive, and nore
particularly to a |oad beamfor a head suspensi on assenbly oﬂﬁaﬂﬁn@ﬁbtic
di sk storage drive that has relatively high resonant frequencies. 10
Background of the Invention As is knownj in a disk drive a head actuator
assenbly or head carriage assenbly positions a read/ wite head over a

desired data track ' i ' I\REormation is
stored and 15 retrFQ?‘%%%%@W%P@?W@%@&@%@@ﬁ%M# assenbly
conprises a rotary actuator arm a voice coil notor, and a head suspensi on
~assenbly. The voice coil nmotor is nounted to a back end of the rotary
actuator arm and the head suspeRildfdbedniventionss) is attached to the
front end of the rotary actuator arm Wen current is supplied to 20 the
voi ce coil, the voice coil notor causes the actuator armto sw ng about

its piv®t, andThbipreseenveritan relktes theathadBEAREbO4 Hdd® §dhertfiohhe.
head suspension_assenbly, to the desired data track on the magnetic

storage ne@Ssemily ©f Gemeagnedc idisk| steraga dine, 1482d ampre qrargiculadydo a

suspensi on e comprises a | oa eam 105, a_gi | 110 and a
sl i der 11]‘\9.&1%1?\1)%%%{ ?%}rl%'o%gggies%r?ﬁeﬁoq 1%Ssﬁ%d9€'d8€]at magnek /a%?‘( gflq{@g& and
the slidedri¥dYhis IReCHEIGEVER hiph SidthaintlFqudhGedi Mbal 110, in turn, is
secured to the distal end or "free-end portion 117 of the |oad beam 105 by

a nunber of welds 114 on the |oad beam 105. The proximal end or 30 nmounting
olat o b5 T's ‘attached for scBatRRGTHE OF 50 IBEERHDDS to the rotary arm
(not shown). The | oad beam 105 conprises three 2 4 JUL 2006 2
As is known, in a disk drive a head actuator assembly or head
carriage assembly positions a read/write head over a desired data track
‘on a magnetic storage media, on which information is stored and
15 retrieved magnetically. A typical head actuator assembly comprises a
rotary actuator arm, a voice coil motor, and a head suspension
assembly. The voice coil motor is mounted to a back end of the rotary
actuator arm and the head suspension assembly (HSA) is attached to
the front end of the rotary actuator arm. When current is supplied to
20 the voice coil, the voice coil motor causes the actuator arm to swing
about its pivot, and this moves a read/write head, mounted at the end
of the, head suspension assembly, to the desired data track on the
magnetic storage media.
With reference fo FIGS. 1A and 1B, a .prior art head suspens‘ion
25 assembly 100 comprises a load beam 105, a gimbal 110 and a slider
115. A portion of the slider 115 provides the read/write head, and the
slider 115 is secured to the gimbal 110. The gimbal 110, in turn, is
secured to the distal end or free-end portion 117 of the load beam 105
by a number of welds 114 on the load beam 105. The proximal end or
30 mounting end portion 118 of the load beam 105 has an opening 120 to
which a base plate 125 is attached for securing the load beam 105 to

the rotary arm (not shown). The load beam 105 comprises three



portions, a nmounting portion 130, which enconpasses the opening 120 at the
proxi mal end 118, a support portion 135 that extends longitudinally to the
distal end 117, and a relatively narrow resilient portion 140 between the
nmounting portion 130 and the support portion 5 135. At the r§Si|i3ﬁ%
portion 140, an opening 142 inprove the out-of- plane flexib FNUQ, r
reduce the spring rate, of the | oad beam 105. The head suspensi on assenbly
100 provides a flexible neans for positioning the nagnetic read/wite

head, whi : i ' | | it flies.

Cuont on of Paftiof¥ea ibuRhifbotids 16 Pibith Fachine s tha gpiRint 10,

shown). et the grekirhal rehdt g, tahes@ﬂ)%e% Bdios IBIPHHAD Bfends
a

aerodynam ¢ buoyancy produced by the rotating disk, and when the disk is
not rotati WpgiHedmaleito the distedanst 1d1Y,aand sa gelatielrrarmow trhsiliesdr f ace

of the dis ' | | t he parking zone. th arkin 5 zane, the
ol dor 312b0Eth A0 Bef@ebfdnt R AR ot ROR 1 4 atef 1B spdst BefiPR,
force @ pleboat fies ¢esitient HOrtfodIAM0,f AhCOpdhk EAO HRFrde HHE outest-l | ent
portion 140 of the | oad beam 105. In addition, the |oad beam 105 has a

spring rat Blagie Hpmbilitarateduze thewprisgprate nef e loddpeamhes. t he di sk is
rotating, the radynamc lift force on t slider, 115_20.counters the

prel oad force 'gﬁeﬁ'ﬁ%a‘fe%ﬁne&ﬁo%c?rscsiegﬁ&ﬂg,soaﬂEPVdQ%é’sﬂ?ﬁg’ eIMcaas }PIS to
float or fhysi@iinkN@ e wid A& | | head
act uat or ais)ssénbl ym%osi tions t#\‘gfr‘re%gg \Xﬁﬁkﬁé%’eg’?éeea{rﬂbﬁggisﬁﬂgggfedla?gst rack
on the diste piteh or nell taki¢ flies ont Acushdad/ofrdit @vhe dtle tumdalating thefagesi ti on

over the dg ireg datad.%%?ck %5 including time to settle over the track, is
cal | ed} hePsB&RTRHE D18l (PRLSREWAN: ode, the read/wite head is noved

radially betwewhéel ged cdiglatiay rotadhky, | ehgasndereess g dabhottencpy! n the

tracks. Wth the advent of mcroproceSsors that operate at gher sgeeds,
and the evaeraghpvimic tamyancyoprodiicedaby dinet hatiatirsg stisk pdnidh wlenuthte- abl e
sk drives, there is need to, reduce

the t1me (aIeE isohof ESGhits £E RRRBF i BPRFERH 08 & REsERREgeradra the
gg nsequent %g{fggee&ethé HiskNeichois ballAN i pat kg Zomk. LR Tht Pahianke"
15  zone, the slider 115 is pressed against the stationery disk surface by a
spring force or preload force of 1 to 3 gram force (gf) exerted by the
resilient portion 140 of the load beam 105. In addition, the load beam
105 has a spring rate of approximately 20 Newtons per meter (N/m).
When the disk is rotating, the aerodynamic lift force on the slider 115
20 counters the preload force of the resilient portion 140, and causes the
slider 115 to float or fly over the surface of the rotating disk.

In seek mode the head actuator assembly positions the read/write
head over a desired .data track on the disk. The time taken for the
read/write head to get to the position ovef the desired data track,

25 including time to settle over the track, is called the seek time. During
seek mode, the read/write head is moved radially between selected data
tracks to gain access to data stored in the tracks. With the advent of
microprocessors that operate at higher speeds, and the ever growing
amount of information that is stored in re-write-able storage media,

30 such as magnetic disk drives, there is a need to reduce the time take to

read/write information from/to the storage media. Consequently, there

is a need to shorten the seek time to allow faster access to data.




2 4 JUL 2006 3 During seek node, the read/wite head is initially

accel erated and then coast for sonme period of time at maxi num vel ocity
before finally decelerating and settling down over the desired track. To
shorten the. seek tinme, the magnitude of acceleration, as welJULd¥bt hat of
deceleration, 5 is inevitably raised. However, faster deceleration
contributes towards higher transient igertial force, which may then
adversely excite a range of resonant vibration nodes of the head actuator

assenbly, partig HJI! I t r.e vihEation des.. t he | gad beam 105.
In addition, at ?%hsére ké@@ﬁ‘%;@éé@@é@ﬁ ?a%qunbﬁlﬁ%ﬁﬁﬁﬁlfﬁaﬁeﬁg%gd by -
the rotati tiged Godist Kor avorak geerded tofi fitiecat anarMANRE deVbdItR He@sreofinkile | oad
beam 105. _The resonant vibration can be divided into three primry hodes

accordi ng HscelgErtingrangrsettingdevnseve. thasssjred teackarEo Ishoaten the

resonance, ' 2s0Na: r rsely bendjn eso ce.of .the |oad
beam 105. X%an?ﬁ’zh%ﬁ JIF%‘trlngﬁ&%) &8 '33%@%8%1%&, @]sa‘fvegr% {}bﬁ‘ts‘%?%gcel%rw’on due
to strust uisin¢wsabignesises. Mewevdtefistep|dceldlaidl1RontEidhtes adSArtRe
read/ wite head to oscillate and be displaced away fromthe target track.

Under nodehighenimpnsisnininamtial feres, which megdthen ladverselyettdite guankey t o

its desire ' sl.ﬂ,n;' a.resuylt, the access ti will extended to
al | ow for ?lffre *or anot ’g?nrrg)[ogzltcﬁso#t&e ﬁﬁ%&c’ﬁ% agirf 6?%31'82%& P%%ﬂﬁgge
transferrethe \legonbhe vidbiratiah Vfod¥ELIT BRONGAE EodSmeX Ot agh alAgtibRag beam
105 vibrates excessively in the sane plane as the novenent of the | oad

beam 105 whighaFoseaky speeds pextarngh wineh distusbaned iddiwmetlr by khe Siotatingt he

| . 105, i f i | ith,j 25
cant 1 o9 LGARIENEE 280 BRI BRt RE UM aRted Hilb ool e las Bkt 855
posi tions the Thad/e¥onisetheR#abloer candBeidiotidd 36k itﬁré’?ﬁ:ﬁ{ﬁfa blgst ed

due to the excessive resultant lateral vibration. Wen the torsSional

resonance @§C@T>d,ip1ge_@,0 thheiry swfioanchavacieristic. Namelyathey afwe ladachlbeam

105 to i slocotle b Relog LRIl XS iy DSt LERUNL L digad 1o
load beam 105. Among the vibration modes, the lateral and twisting

15 motion due to structural resonance is most undesirable since these can
cause the read/write head to oscillate and be displaced away from the
target track. Under moderate vibration, the read/write head will not
settle quickly to its desired position. As a result, the access time will be
extended to allow for time for another rotation of the disk before data

20 can be transferred.

When the lateral or sway resonance is excited, the load beam 105
vibrates excessively in the same plane as the movement of the load
beam 105 when moving to a position over a desired data track. Since

the lateral resonance of the load beam 105 interferes directly with its

25 controlled seeking motion, the accuracy with which the load beam 105
positions the read/write head over a desired track is adversely affected
due to the excessive resultant lateral vibration.

When the torsional resonance is excited, the resultant torsional
force causes the load beam 105 to twist about its longitudinal axis.

30 Since the read/write head is mounted onto the slider 115 at a height
below the load beam 105, the twisting motion of the load beam 105 can

translate into lateral motion of the read/write head. Consequently, the



bel ow t he | oad beam 105, the twisting notion of the | oad beam 105 can
translate into lateral notion of the read/wite head. Consequently, the 2 4
JUL 2006 4 twisting of the | oad beam 105 di spl aces the read/wite head
away from the position over the desired data track on thm%a?‘ﬂpg di sk,
and adversely affects the read/wite operation. As is kno lI e data
track density of magnetic nedia has 5 increased to 100 thousand
tracks-per-inch (kilo TPlI'), the requirenment for positioni ng the read/vvrite

head over r e strin The
conventlona pﬁggéﬂggg?as%%épe§§$ﬁgg8%ﬁ%§J% {mheﬁa %9 ’5’&8 beam
105 duri ngthatmaltloﬁeeiﬁemgtmtdaﬁre@fdéﬂﬁ tf'&@@”dﬁ't‘lﬁ kedskihg ARk, 1RR4! oad
beam 105 to be made with a vgéé 10 stiff structure to inmprove rigidity of

the | oad bedwenssly afleats theead/ writetperstioki ng or |ateral di rectlon Known
met hods of stigfe h ruc e of d beam are to enpl o oad
beam whi ch ha‘éfsap% q?%é‘g% f%c‘ﬁﬁ ae tr&ﬁ nﬁ(lj'i}' i AgneEc ;| lﬂe as
rei nf orgeniidreakedtide 100PRHYisR ttrQ8k rOfnchh ﬁ(ﬂd) goyL ﬁkﬁeﬁd@éme t

structure. However these nethods mai/1 i nCr ease t mass, an ence t
i nerti a, ofortmsm@mngéhmm@@/mte hedimeeadedlredeiamatrabkradwralndyseek

d f whi ch |ied hy t t T |1
orai onal PSHEREE 5O% sbERR i BonVoratnal GPPROSEH feherpPFbbtiBRcy
than later @hv&e@ﬁ%ﬂa&ﬂ%?aﬁf)nt&ed{é)ﬁ%d)ﬁgﬁ}rEQ@B &ﬁ%}éels ’terahqge%'l‘:;i’ﬁg ﬁéﬁnance

of the | oad beam 105 has |l ess gain th ater onance 0O oad
beam In sﬁbth@ﬁtﬁ@/meslmd lsédn’t thedoad rean t105 tolési n&tdeewuth najesg t he

first or sj. uen of the.l.oad am 1 er vaI ue to

pr even%(} A ﬁﬁh?{%rt% 5?1‘5? “ﬁé‘i&ﬁéﬁﬁ% ?Pagié? H5mOVEfin
- adversely gid g@ékﬁ}@ élhﬁit@%f&i&-@@ﬁgﬁ of the read/wite head system 100 at
speeds at, or below, the maxi num desired seek speed. As wll be known to

one skilled i nKnbwmmethods mfsstiffedingithfenetsiatiare of load beam are to
employ a load beam, which has a thicker structure, and to add rails
145 or other reinforcements to the support portion 134 of the load
15 beam 105 structure. However these methods may increase the mass,
and hence the inertia, of the load beam 105, and the increased inertia
limits the seek speed for a given torque, which is applied by the rotary
arm.
Typically, torsional resonance of the load beam 105 occurs at a
20 lower frequency than lateral resonance of the load beam 105, however,
torsional resonance of the load beam 105 has less gain than lateral
resonance of the load beam.
In shortening the seek/settling time, it is desirable to raise the first
torsional frequency of the load beam 105 to a greater value to prevenf.
25 the first torsional resonance of the load beam 105 from adversely
affecting the performance of the read/write head system 100 at speeds
at, or below, the maximum desired seek speed.
As will be known to one skilled in the art, the mass and stiffness of
the load beam 105 has a significant impact on the structural resonance
30 frequencies and gain characteristics of the structural resonance

frequencies of the load beam 105.



the | oad beam 105 has a significant inpact on the structural resonance 30
frequenci es and gain characteristics of the structural resonance
frequencies of the |oad beam 105. 2 4 JUL 2006 5 US Pateqbswﬁ:[@ 92898 hy
Wanl ass, assigned to Applied Magnetic Corporation of the A Z ches a

| oad beam having a wide structure wth a relatively high |atera
stiffness, which provides a higher |atemmpal resonance frequency. However,
the torsional resonance frequency of 5 Wanlass's | oad beamis relatively

| ow. Conver sel I Ls taught i.n US Pa 40 by
Zarouri et al, ?Uasgl g‘?\lgé'{jﬂlgo 4(%%%6? ;Bry gﬁ%%?%wﬁﬁ?@&? 0 k?@%%ﬁo%@?euc
Cor por at i o€ orporitoklSH, thdUBAJ téadh &) ol Bay BEA hﬁ%ﬁi‘g%%&é adpeB&Ie bUt
the |l ateral .resonance _frequency of Zarouri's load beamis low 10 As

di scl osed Mty pelatively highdateralpstiffangs.ewhicls gingvides a highearhiatera

Technol he, USA | th
opti m zeq EHRRBE Aefulc  Rloweyer SIREToRiaaal Fratoure s dumctd: « ne
| ongi t wli nWanhleRgtshiceld bBEn 2adeRAABIPASRI Hhve? BRI ILALrARA Paaht?e

resultant | oad beam has i ncreased torsional Is resdhance and |atera
resonance iy dguahti é8. USoRater Nat. h502|7|ﬁ5¥(bvle_ynﬁarmir1t be 4i,r assigoresi aoal

f f T | oad. b ' d d t t th
seok tim SORMPRSERRCE dnaRiiottie drabringdb assatioendBe P Amder n
hi gh- per f ohgefige adhizh teliionesl r@s(bﬁ/éﬁ?&e cQOpR! SRUREAN rdABR LS al so

a concern wth shock resistance. g eskt op appﬁl Cat Ions, nobile
applicati oﬁ@qwncmmomrdsédaadrbemn 1s§<mwh as In |aptop conputers and

Char actr st EAFO?S‘%?FL?%S@"%?QP%CB“&%S;%%B y ahangesis assignafitped.
When the dHskch$ngénSTathabds TAB&] Af e TPAGy @S 16’&&%%&%1 is
earlier, the slider 115 is p essed gal nst the parking zone by a el oad
force provpd@ﬁd@yi with apspptienizesbrupper profivd, mc[lnaﬁshébmtéﬁﬁna%en a
di sk dri Vetr'a%sversely and over the longitudinal length of the load beam based on
empirical data. The resultant load beam has increased torsional

15 resonance and lateral resonance frequencies. However, the
improvement of the first torsional frequency of the Tangren’s load beam
is inadequate, and does not meet the seek time requirement of 0.2
millisecond (ms) or less, demanded in modern high-performance disk
drives.

20 When designing a load beam, there is also a concern with shock
resistance. Compared to desktop applications, mobile applications of
magnetic disk drives, such as in laptop computers and portable audio-
Visual products, a higher non-operating shock characteristic for
withstanding accidental drops and bangs is reqﬁired. When the disk is

25 stationary, in non-operating mode, as described earlier, the slider 115 is
pressed against the parking zone by a preload force provided by the
resilient portion 140 of the load beam 105. When a disk drive is
subjected to a mechanical shock, the slider 115 may be momentarily
separated from the surface of the disk. Due to the preload force of the

30 resilient portion 14, the slider 115 returns towards, and collides with,

the surface of the disk. Such collisions can damage the read/write

head, rendering the disk drive unusable. To improve the shock



subjected to a nechani cal shock, the slider 115 may be nonentarily
separated fromthe surface of the disk. Due to the preload force of the 30
resilient portion 14, the slider 115 returns towards, andtddl 286es wit h,
the surface of the disk. Such collisions can damage the read/wite head,
rendering the disk drive unusable. To i&prove the shock 2 4 JUL 2006 6
resi stance, two known approaches are typically adopted. The first is to

decrease t R&siy@iddes awoskhbing %%)P?Ba&lli'@s |a9(é)‘}f’cy?ﬁ,‘giqyég§og?&ﬂ ’filgg _fﬁ‘%\{: o0d, ies to

i ncrease the bendi ng resonance equency eam nor
rigi d | oaddpereasgridd veticalhsitifieess epahatlbad Is¢wnkl 08sbadattue seSohduever ,

the flexibjlity and ility.of the | oad beam are conprom sed. Conversely,
a thin and9 ?I&%ﬁe\ﬁéﬁgﬂ% :bgﬁlﬁlllﬁgéﬁﬁﬂﬁ9n§F§geﬂW%@fsqb§clpaqf O6R81 ditte A

however, tHhidgret S8H5 1684 BMEH HAL S I o.
frequenci es. Igel gti vel é si npl %pﬁ‘gtsi?gné%ghgg;%ﬁrﬁ%ﬁﬁg{disbggghﬁﬁﬁ%ﬁéss,

the 10 sphawedan the iitpfandagiligaot 4setlaadhbedm ahe cpmmpromised. do not
address thge confli.cting.requirements r a.l.oad beam w th higher |ateral
and torsi oﬁgflv%%e&}ﬁaﬁc@mr%ﬁﬂelh%?@%e,lgég lopd Ibeéén_tﬁ‘@l’:feﬁ‘ SPe‘é‘PE’E%@?@‘ _
mechani cal r&digtdn cel, 5 hBi ferSWHIR' YerRts I8 1&\5%?nﬁﬂ@r{o-fgﬁ)rpa[leﬁ‘ﬁ%lé%\f%ﬁ't' on
seeks to provide a | oad beam and nethod for designing sane, iC

over cones rgsomaricedsequenicicss t he abovenentioned probl ens of the prior
art. 20 Accordingl in.one aspect, the present inventjon _provides a |oad
beam conpri si g%&%ﬁﬁ/e&’ o%’.ﬁ*ﬁs ‘i%n‘ﬁgr %ﬁﬁ&ss t BHRJifY (thetHyekagss) Bag its
| ongi tigdi nghaRXbHdBEIRERIR BPYEE A Nk ' 58 H4d on,
t he el ongrajf% menber havi ng ag?a'tera agﬁgggqéggg?oﬁpggge%{}?ﬁgﬁg5dgf)gl%g at
| east a porddrgssothe penflivhigig retjuiatmenits fomhdoadrbddra withehigher lateral
Cross-secti on has. t substanti ?I I é)ar,al | el sides conprising: a shorter
side: and and torsional resonance rec}lu ncies, as well as higher resistance to '

mechanical shock.

15 Brief Summary of the Invention

The present invention seeks to provide a load beam and method for
designing same, which overcomes or at least reduces the
abovementioned problems of the prior art.

20 Accordingly, in one aspect, the present invention provides a load
beam comprising:
an elongate member being substantially tapered along its
longitudinal axis between a mounting-end portion and a free-end
portion, the elongate member having a lateral cross-section extending
25 along at least a portion of the longitudinal axis, wherein the lateral
cross-section has two substantially parallel sides comprising:
a shorter side; and
a longer side; and
wherein the lateral cross-section has two sides extending between the
30 shorter side and the longer side.
In another aspect the present invention provides a method for

designing a load beam comprising the steps of:




a longer side; and wherein the lateral cross-section has two sides
extendi ng between the 30 shorter side and the |onger side. In another
aspect the present invention provides a nmethod for designinq a#g?ﬁﬁ beam
conprising the steps of 2 4 JUL 2006 7 a) defining a design A% i %ean1to
produce an imge of a proposed design of the | oad beam b) performng

topol ogy optim zation on the inmge of the proposed design of the | oad beam
to produce a topologically optimzed image of 5 the |load beam and c)

processi ngaj he QRTINS IJBRYENO : u
manuf act ur abl e desi gn of the %agoglgglrﬁ O@r?@fea@eﬁ??&%ﬁo%%o?r?%e Ij)'fava\‘n ngs
10 An enbogirapasedidestgn pf dseidad beant;j on will now be nore fully

descri bed, by wa g{{ example, . with reference to the draw n%}sl of whi ch:
FIG 1A sh aI%F NG, tepology, PRt mizatioss anptharinmage of Bherprepases de

2 [0ad. beage TP ROL AP oRRCLPEATES brokQoclay Biolusballf AL ERRE "L ©

i nvent i ®n; tik¢ ®a@Beamoyand si de view of the | oad beamin accordance wth
the first enbodi nent of the present_invention in FIG 2A; FIG 2C shows
cross- sect Fbnal PIPEGRsipg the onsimizsshamage of the dordaheamitorpradude ast

enbodi nent t i £ El A, FIG 2D shows a chart
conparing the %%%‘tg?%g%g%e%gﬁﬁﬁeﬂ]%ﬂP?fi%?r%‘gdi ment of the present invention
in FIG 2Awith that of a prior art |oad beam FIG 3A shows a plan view
of a |oad beamin accordance with a 25 second enbodi nent of the present

i nvention; FIG 3B shows aBsiefdesaipaentafdhedatawiags i n accordance with

the 4o

An embodiment of the present invention will now be more fully
described, by way of example, with reference to the drawings of which:
FIG. 1A shows a plan view of a prior art load beam;
FIG. 1B shows a side view of the prior art load beam in FIG. 1;
15 FIG. 2A shows a plan view of a load beam in accordance with a
first embodiment of the present invention;
FIG. 2B shows a side view of the load beam in accordance with the
first embodiment of the present invention in FIG. 2A;
FIG. 2C shows cross-sectional views of the load beam in
20 accordance with the first embodiment of the present invention FIG. 2A;
FIG. 2D shows a chart comparing the performance of the first
embodiment of the present invention in FIG. 2A with that of a prior art
load beam;
. FIG. 3A shows a plaﬁ view of a load beam in accordance with a
25 second embodiment of the present invention;
FIG. 3B shows a side view of the load beam in accordance with the
second embodiment of the present invention in FIG. 3A;
FIG. 3C shows cross-sectional views of the load beam in
accordance with the second embodiment of the present invention FIG.
30 3A;




second enbodi nent of the present invention in FIG 3A; FIG 3C shows
cross-sectional views of the | oad beamin accordance with the second
enbodi mrent of the present invention FIG 30 3A; 2 4 JUL 2006 8 FIG 3D
shows a chart conparing the performance of the second enbbdimegmt of the
present inventionin FIG 3A wth that of a prior art |oad beam FIG 4A
shows a plan view of a |oad beamin accgrdance with a 5 third enbodi nent
of the present invention; FIG 4B shows a side view of the |oad beamin

accordance w tRigh i ' anﬁ%{ r i.ovent i n_Fl 4A-
FI G 4C shows clr%sgpstg(&:ht%ngra\?%{mrg 0 rhltég ch}go‘g %gcgrﬁnmla%c%aéfcgrp%gﬁggn% th
the third emiwdliment of thderesaseitverrtientin @IGTIIA wifh thi® JflLprioh sows a
pl an vi ew 8; ﬁ | oad beamin accordance with a fourth enbodi ment of the
present in B*LF G 5B shows a side view of the |oad beamin accordance

with the four eghodi nre ty LAV Lon in Fl 5A, _FILG 5C
shows CI’OSS-SeP(;ttti}'O% gb%ag@%gl%a@egég%& ﬁgett%uécacc&pagﬁggem{t the

f our t h Senbtidrdembodirhért pf esepiresaveitivesntidd:G  5A, FIG 6A shows a pl an
view of a IoacéFchangi accordance with a fifth enbodi nent of the present
i nvention; FI B W8 aspigie Viesobthe head bganbamccardenos stz ¢hei t h
the 20 fifydibq erhRg: Lnvent i in.,FIG 6A, and FIG 7
shows a flf')Hv%c art g%ﬁ%? ﬁgtlgggfgéﬁém%gp%&}%ﬁ?ﬁgg'g"I oad beamin
accordance w tRIGhe4Qr edsnbsi BYessisertideiRivieRRs Ofi RheONogH ek avi ng s

25 A |l oad beamjin accordance with the present invention has an elongate
support portGBHaseestthridepihivg embodinogniaf thn presehtanvestimn FIG. 4A;
10 FIG. 5A shows a plan view of a load beam in accordance with a
fourth embodiment of the present invention;
FIG. 5B shows a side view of the load beam in accordance with the
fourth embodiment of the present invention in FIG. 5A;
FIG. 5C shows cross-sectional views of the load beam in
15 accordance with the fourth embodiment of the present invention FIG.
SA;
FIG. 6A shows a plan view of a load beam in accordance with a
fifth embodiment of the present invention;
FIG. 6B shows a side view of the load beam in accordance with the
20  fifth embodiment of the present invention in FIG. 6A; and
FIG. 7 shows a flowchart detailing a process for designing a load

beam in accordance with the present invention.

Detail Description of the Drawing's
25
A load beam in accordance with the present invention has an
elongate support portion extending between a proximal end and a distal
end, where the width of the support portion tapers from the proximal
end to the distal end, and where the thickness of the support portion
30 tapers laterally from a thicker 1origitudina1 central portion to thinner
side portions. A lateral cross-section of the. support portion extending

along its longitudinal axis comprises two substantially parallel sides, a



end, where the width of the support portion tapers fromthe proxi mal end
to the distal end, and where the thickness of the support portion 30 tapers
laterally froma thicker longitudinal central portion to th?AQ@L @lde
portions.,, A lateral cross-section of the support portion ext Jp g along
its longitudinal axis conprises two substantially parallel sides, a 2 4 JUL
2006 9 shorter upper side, and a | onger |ower side; ard two sides thaf 4
extend be t r ' he. | i oa
beam and B e e Tor Cias e oryea 0B H8; aale o JURS shbEmmal 11
accor dancebeiwéen bee phestart uppeesideoand dhstlohget &swebsitrss t hree

di ' | f.or he thicker central _portion and_the thinner side
pl)rfinzlng.naThg iﬁ?c‘?@& ‘te%?m aP%ip § FRFhad fon dgtigming theolnad beees withar ds

t he | oad bggsh ' i | res.0 Yo
t hi nner side prc;sr96 }L}lgﬁéﬁeégl\gg%t% g%%cget{g?é;Q@E%tt?lﬁblg?égeﬁto%@gg Fc{}gedisggg)%ggm
havi ng % hingissr theteed ahenssomalic ¢o ffoenuehe ythidikeMtehtrdf gorime el EhES. 2A

and 213, a,l.cad beam 205 .i.n acc¢qrdang with a first, enbodi mrent of the

present i ntERTSN SILC RO R at e glfer [IeRirabLamiice ranwasoudiel y, a
! . ! ; iy ; ting
ond por £ b EESHRAN S MRS WYL i Rle B i iR lopl e RHE.

free-end pleguency]lgnd shenthmnesisideporpioirs Qﬂlv&ﬁ@agwhﬁlgrg)gangfbafteg

bet ween the nmountj.n portion 230 and .the support portion . I s known
in the artJEOVYQ'FéPS ﬁt%]rﬂaﬁg{)%@ hgvkr}gragllglggmq{gr%l Ifﬁa?@élaéloétfzée‘ﬂlh@ﬁ@f-o (not
shown or  SegiHd t Ot t .not

A L B B T R L L LR R R Tl i
gener ate awih pimstainbodirrentofthepresdiet imaththgai 305elongat®WeRbepr to

bendi ng. he supposrt portion 235 has a thicker central core 250 that
ext ends al zlalso%r?‘gcﬁ(?ﬁi}o%ci Nagmaly, ;4 dnopsitéag eportios 280 with aave a

reduced or ' I \he e . e T w dth of
he suppor P Eor SIUSH"EAe pRAmAC b tafibAs B b on SR (g
end 118 t csuppeorti momionR 35 eeteanding 1@ thardistalrend ak tfrediead! portion 117;

15 and a resilient portion 240, which is located between the mounting

portion 230 and the support portion 235. As is known in the art, the
opening 220 is for attaching a base plate thereto (not shown) for
securing the load beam 205 to the rotary arm (not shown). Typically, .
the load beam 205 is bent at the resilient portion 240 to generate a
20 preload force, however, the load beam 205 is shown prior to bending.
The support portion 235 has a thicker central core 250 that
extends along a longitudinal axis 251; and two outer rims 255 that have
a reduced or lesser thickness relative to the central core 250. The width
of the support portion 235 generally tapers from the proximal or
25 mounting end 118 to the distal or free end 117, and more particularly
tapers from the resilient portion 240 to the distal end 117. The support
portion 235 has symmetrically shaped sides, each side comprising a
pair of adjacent curved-in sections 260 and 262 that extend from a
slightly tapered section 263, proximal the resilient portion 240, to an
30 intermediate point 261, and then to the distal end 117.
The thicker central core 250 also has symmetrically shaped sides,

each side comprising a curved-in section 264 that extends from the




tapers fromthe resilient portion 240 to the distal end 117. The support
portion 235 has symmetrically shaped sides, each side conprising a pair of
adj acent curved-in sections 260 and 262 that extend from a sliggtbyzmﬁ
tapered section 263, proximal the resilient portion 240, to an 6
internedi ate point 26 1, and then to thedistal end 117. The thicker

central core 250 also has symmetrically shaped sides, each side conprising

a curved-i Re \ : ; 0% o si_Lkent
portion 240 qugeglt %{brrﬁ%l ?P' g Fr(?c% g? g§ 6%#%?91 %gfgg%ﬁﬁ?g@a%ef%%sg {agaeeg% on 266
that ext endectionn266etHatr sktérdeifnee dhe Maitnintebdmecdiate pREOMES to a

i nt er medi at eqé)o' nt 267, .and a . second tapered section 268 that extends from

the secondS? ratETRRedisge moing 267 ajpesend éapetery sestipne26d thas
ot eased ks Of Eha oA R 205 il ol ETELY ALE 4188 U 2517, 1

enl arged portion 269 is forne e outer rins
enl ar ged pbrte tm tR6%inadeasedhoeidthl of clontioadUieant 208rdsthdentd@aedizgam 205

havi ng a hi 8her éft eral resonance frequency. FIG 2C shows |ateral

cross- sect PBHH 291 e@B Gtlarged por QPne%%%dﬁ r%ﬁpedlfor srachhe! the@uienmmnes

al ong secthgni | ] < ' I hicke entral core 250 is
t hi cger ab%gts' the %@%Sgtg%gﬁoﬁrgﬁdagpg %‘.’L&aﬁlﬁggﬁ?%c{’%‘%ﬂkﬁ It?\iv%&igﬁe extend
away from ldael beagi 208ilalingxi higiek. laldral repPeinsd deq2ehicyl the central

core 250 is shorter than the |ower side 254 of the central core 250, and
the upper and T¥#edCsshraes dateraharossvsactional Wawstefithieafirst grabadimento each

t her. j 5 . . t [ 3 d
The 1 oier & thiflodtibeati 0B ARG sPERURIL INESTOPL!SFa URPRIGE DAL RV 1"
core 250 athickbe cemtradwioze 250r8s tREketatinit thes YoraftuidERANBIBAY1 24009 t he

| ongitudingl axis 25 1, FIG 2D shows a chart 280 of a.frequ.encg response
function (EHFYWOSBISEIIGS 2o extend ap@ysiTom she domgifudivsn) axissd5 brnphoys t he

0" cocTPBEbEEMag'ad s a0 beah 205, 260 10, HEE ARl
sl i der wheR54 dfi$he aartsabeomea2d0, haddheappes bfiBadowrrtkigks 3853 ahd 254
15 are substantially parallel to each other. Also, two sides 252 extend
between the shorter upper side 253 and the longer lower side 254. In
addition, the widths of both the central core 250 and the two outer rims
2355 do not vary correspondingly along the longitudinal axis 251.
FIG. 2D shows a chart 280 of a frequency response function (FRF)
20 282 of a head suspension assembly (HSA) that employs the first
embodiment of the load beam 205, and the FRF 284 of another HSA
that employs a typical prior art load beam. Vibration is induced at the
slider when a HSA, consisting of load beam, gimbal and slider, is
accelerated in the seeking direction. When the driving frequency of the
25 HSA coincides with its mechanical resonance, a sharp increase in the
amplitude of the vibration is observed. For example, a spike 286
indicates the torsional resonance frequency of the HSA of the prior art
load beam occurs at a lower frequency than a first instance of
resonance 288 of the HSA with the load beam 205 of the first
30 embodiment. In addition, the first instance of resonance 288 of the HSA
with the load beam 205 of the first embodiment is the lateral resonance

frequency of the load beam 205. Thus, the load beam 205 in accordance



accelerated in the seeking direction. Wien the driving frequency of the 25
HSA coincides with its mechanical resonance, a sharp increase in the
anplitude of the vibration is observed. For exanple, a spikeg zggiﬁ_ zgié]imdi cates
the torsional resonance frequency of the HSA of the prior art oad beam
occurs at a |lower frequency than a first. nstance of resonance 288 of the
HSA with the | oad beam 205 of the first "30 enbodinent. In addition, the
first instgﬁﬁé ﬁ']; resonance 288 of the HSA with the | oad beam 205 of the
first embod!ment§ PIERELL IPYFTRFION. SRAERHR RGOS deprayest tee IFIHA dfethe 205.
Thus, the |84, bER 54\ C&id 4, J 06 hth.the present

I nvention, advant a{gaeggsﬁ)k/:aio rgﬁlgga'tﬁ%&':# giacfgoeeaxﬁ\gkav%gsai orsional

acconpl i shéasenance fregueheathatocograat or highe fref@8ABRRRANT IRAUSNEY t hat
occurs at %)hitghecr frequency than that of the prior art. 5 A spike in FRF
at the mecKAM’cE" r esonance frequency of a HSA, such as the spike 286, can

adversegy affeqt I LI onj f the read/wite_he Hence,
A A B A LI e e B T L TR
HSA wi th tsdchoasl themspilt 286, ¢an sidveesdloth i@t cANFol BAShE isiﬁk%in‘%@f ation

anpl i tude than t rior_art 10 because of the reduction 1 nass a
stiffness %Qetrﬁé‘ /gt bgadz diencepael 8 Witk aHsAlatively tsmeoo it BRANL05 of

the fi t ' t ' . RF.th ' th th
that of thE: oer LeENEroff VAP AIPIUE YR RHSA B Fi 10aT ieetn s ieoiF g of
the read/ wemhodineent 205, Rederar highdowbtioCamBhtedd tRBn fhd PafbLgAM 305

in ac ordgnce vm't#og};econd .enbodi ment of the present invention also has
three ch%rt GREUSH regusHeR; ioh nemes windh stiffnesendithS Madtbeine 2@ .0xi nal

end 118; a i \ endi to t di | end 117; .and a

resilient W’Stggé: %vﬁ'?cﬁﬁils%ﬁ%c%taxgg%ﬁfﬂe% SFQé%ﬁBﬁﬁﬁtnﬁﬂéWdéB}qmop 330

and the supgvantagedusiy BVidds abERE thatt REsRRRANBE B3R st %fs)fhé‘tptrﬁﬁh' ng a

base plate_the ﬁtog&}%% shown) for securing the |oad eam 305 to“the

rotary ar nifnof Nk lesybettar |opntrek of ddxe pesiticoimg of the read/write -
head.

15 Referring now to FIGS. 3A and 3B, a load beam 305 in
accordance with a second embodiment of the present invention also has
three portions. A mounting portion 330 with an opening 320 at the
proximal end 118; a support portion 335 extending to the distal end
117; and a resilient portion 340, which is located between the mounting

20 portion 330 and the support portion 335. As before, the opening 320 is
for attaching a base plate thereto (not shown) for securing the load
beam 305 to the rotary arm (not shown). Typically, the load beam 305 is
bent at the resilient portion 340 to generate a preload force, however,
the load beam 305 is shown prior to bending.

25 The support portion 335 has a thicker central core 350 that
extends along a longitudinal axis 351; and two outer rims 355 that have
a reduced or lesser thickness relative to the central core 350. The width
of the support portion 335 generally tapers from the resilient portion
340 to the distal end 117. The support portion 335 has symmetrically

30 shaped sides, each side comprising a curved section 360 that extends

from a slightly extended section 363, which is proxifnal the resilient




bent at the resilient portion 340 to generate a preload force, however,

the | oad beam 305 is shown prior to bending. 25 The support portion 335 has
a thicker central core 350 that extends along a |ongitudinal)gxjs)@p 1;

and two outer rinms 355 that have a reduced or |esser thickness relatlve to
the central core 350. The width of thejgupport portion 335 generally

t apers frontthe reS|I|ent portion 340 to the distal end 117. The support

portion 33 e es, .each side c r15|
curved section %Z% ;‘n %}éé’rgﬁosf&&%;@,l \ﬁ'ﬁl“’?}ﬁ exferddda t%@e@tsctﬁ
which is plda¥imal the resilient 2 4 JUL 2006 12 portion 340, to a tapered
section 362, ch extends to the distal end 117. The thicker central core

350 al so has s cleelr Fontied sede 32 elso émsmﬁndeetrmm}y shaged sid¢sst

t d t t t 340t
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fromtte frasshenntmmmﬁt &40 m@I@tﬁz%QﬁntéﬂnEB?a&' ?Bﬁlf QBﬁ ]ak? 95 %& shows
th bad beam 30

cross-sectional views of the second enbodi nment o al ong
sect i oni ngtaReted sectigy B6an tll:ataexsemdguimmlmet firskiteentdiate poiret 368 is

t hi cker abﬁ:%h‘% B?stafgg nng]na! axis 351, and the two outer rinms 355 extend

away from ongil axis 35 1. The upper side 353 of the central

core 350 is shprgesct @M*&ds@%ct%r?ﬁa¥1§§1§u§f Eﬁ@%egﬁﬁ&ré’ilnbgﬁfrﬁp e eand

t he upper and Iomer si des 353 and 354 ara ach
ot her. Al sB€ dopdsherm 305 @loegds¢c$1duem@emdsh87slher7t46tn UPK®r 33.0Ehé53 and

core 300 ARCRRLBhERI R 3908 Wik nPut e Drmimninl asrpLmend
ongi t udi nétle o HuBr HmEIdBS vy AL gﬁgqgng&g%ﬁéﬁg@ rpggonse

function (FRF) 382 of a head suspensi oys t he
second 201RPREDGIdeRSDOftthe tonttabeare3®5) iarshdier RREN384e dbwanatifer HSA

that enpl ¥4 3r1HR Icce%ltr cl:é)rre 6 l Oadth%egg]peﬁs ant()ielfo%eei\‘ m?ieg %IS%eagEGSS-’-’r
are substantially parallel to each other. Also, two sides 352 extend
15 between the shorter upper side 353 and the longer lower side 354. In
addition, the widths of both the central core 350 and the two outer rims
335 vary correspondingly along the longitudinal axis 351.

FIG. 3D shows a chart 380 of a frequency response function (FRF)
382 of a head suspension assembly (HSA) that employs the second
20 embodiment of the load beam 305, and the FRF 384 of another HSA
’ 'that employs a typical prior art load beam. As before, a spike 386
indicates the torsional resonance frequency of the HSA with the prior

art load beam, which occurs at a lower frequency than a first instance
of resonance 388 of the HSA with the load beam 305 of the second
25 embodiment. In addition, the first instance of resonance 388 of the HSA
with the load beam 305 of the second embodiment is the lateral
resonance frequency of the load beam 305. Thus, as before, the load
beam 305 in accordance with the present invention, advantageously
improves the FRF of the HSA. This is accomplished with a load beam

30 having a torsional resonance frequency that occurs at a higher

frequency than the prior art.




i ndi cates the torsional resonance frequency of the HSA with the prior art

| oad beam which occurs at a | ower frequency than a first instance of

resonance 388 of the HSA with the | oad beam 305 of the sec%‘d&fS

enbodi ment. In addition, the first instance of resonance 3 L {088 HsA

with the | oad beam 305 of the second emi%di ment is the lateral resonance

frequency of the | oad beam 305. Thus, as before, the | oad beam 305 in
advant ageously inproves the FRF of

accordance wt tshelé‘gr.es%ggh ip\\ﬁﬁnt i on
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enbodi mgnt 3980 { g N v hrat Lon..anplitude f.han the prior art
because of the crligﬁﬁ%?ij(?n\:ﬂi ﬁéﬁadsl;h lgillépgf?@h%gérﬁphgﬁaeltgéﬂl Hamrggsart
However, t fecaBaevt the reduetidrbaamads efd tsﬁ?fr&"s%ocﬂfitl?gtw%i 305.

the prior art

advant ageoi_gol‘% ‘E)rov' des. a FRF that is snoother than that o
Thi s enabl &Y Gert lsﬁ{tsrf’erl&h thgelaask beaomid®p of thkesaoeant! ermrb@limenthead.

Uhi rd emposnantlegdusty g 4 FRImahls 35AHe sharotat ohipemyion
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support po tian 435 extending to the distal i'n the
art, th® ob@ﬁ ng 420 is for attaching a base plate thereto (not shown) for

oD e R TERIEAES GO, AR BT R SO T SRR
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pening at the proximal
end 118 and a support portion 435 extending to the distal end 117. As
15 is known in the art, the opening 420 is for attaching a base plate
thereto (not shown) for securing the load beam 405 to the rotary arm
(not shown).
The support portion 435 has a thicker central core 450 that
extends along a longitudinal axis 451 with two outer rims 455 that have
20 a reduced or lesser thickness relative to the central core 450. In
addition, the support portion 435 has a thinner free-end portion 456
with a thickness that is less than that of the thicker central core 450.
The width of the support portion 435 generally tapers from the proximal
end 118 to the distal end 117. The support portion 435 has
25 symmetrically shaped sides, each side comprising a pair of adjacent
curved-in sections 460 and 462 that extend from a slightly tapered
section 463, adjacent to the proximal end 1 18, to an intermediate point
461, and then to the distal end 117.
The thicker central core 450 also has symmetrically shaped sides,
30 each side comprising a curved-in section 464 that extends from a point
adjacent the proximal end 118 to an intermediate point 465, and a

tapered section 466 that extends from the intermediate point 465 to a



addition, the support portion 435 has a thinner free-end portion 456 wth
a thickness that is less than that of the thicker central 6 rJﬁ Akﬁlg The
wi dth of the support portion 435 generally tapers fromthe 8 &( | end
118 to the distal end 117. The support portion 435 has 25 symetrically

shaped si des, each side conprising a pai4 of adjacent curved-in sections
460 and 462 that extend froma slightly tapered section 463, adjacent to

Lhe b oI MBbreAtkidl Bnd! ABODWHIP S 3h8r PRl dodPhor BRLAL'R h difiey ) ot @

end 117. The thicker central core al so as S ape i des,
30 each sie@mdcbhprising a curved-in section 464 that extends froma point

adj acent the p, ox1 18 to an internedi ate_pojnt 465, and a ¢tapered
section 466 th notil‘ef N TeRT I FrefiTAOR éﬁni‘aaﬁib%ta@tzalb' Joe 2006
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t he | oad beam 405. n addition, generate a Fesili ent
portion 4Bganf 408e Ifr aéelﬂ:mh,pw genaraﬂ&Ga }pﬂ'etbdadirﬁbrct@ ahesﬁmfrﬁ: bpiieth end
Al ternatiyvely he | oad beam 405 can al so be bent at a

480, 10 ca
resilient %%?t(?tgﬁhﬁiﬁeq ﬁHﬂcHPEtdO‘By4%éoP§ﬂxﬂmﬁ]e§o theacorscdistal sadrdéR, t he
Tount iR PO 1190 HEHR. afedditintDP OhE BA L8R3 LAnPAR 92 Beht 02d

force. Another alternative 15 have bot h € resilrent portions
480 and 48zsili¢mt poandohektn MCaSCd; byviorqiterolines, Arddoogted betti€ern ehé he

increased width.of the lo 405 at the internediate point 461, an
enl arged poiX I‘Bl},ﬂ&@@rflg ainme SHPROBE PoFtien At rtorprayide 8. prgjead

ﬁgb?;ged pfé&'&é Oﬂnﬂ@ﬁ’elaﬁl’c@ﬂﬁéﬂ@é)%w ha¥RMEARYBEDHRH e difiént ngtlgﬁgm 205
g a higher latera
480 and 482. The load beam 405 is shown prior to bending.

15 Due to the increased width of the load beam 405 at the
intermediate point 461, an enlarged portion 469 is formed for each of
the outer rims 455. The enlarged portion 469 advantageously
contributes towards the load beam 205 having a higher lateral
resonance frequency. However, this is achieved at the cost of reducing a

20 torsional resonance frequency. Hence, an appropriate size for the
enlarged portion 469 is to be determined to balance the requirements of
both higher torsional and lateral resonance frequencies.

FIG. 4C shows cross-sectional views of the third embodiment of the
load beam 405 along sectioning lines 471-474 in FIG. 4A. The thicker

25 - central core 450 is thicker about the longitudinal axis 451, and the two
outer rims 455 extend away from the longitudinal axis 451. The upper
side 453 of the central core 450 is shorter than the lower side 454 of the
central core 450, and the upper and lower sides 453 and 454 are
substantially parallel to each other. Alsa, two sides 452 extend between

30 the shorter upper side 453 and the longer lower side 454. In addition,
the widths of both the central core 450 and the two outer rims 455 do




resonance frequency. However, this is achieved at the cost of reducing a 20
torsi onal resonance frequency. Hence, an appropriate size for the enlarged
portion 469 is to be determ ned to bal ance the requirenments of both higher
torsional and | ateral resonance frequencies. FIG 4C shows clésiHL J8lft i onal
views of the third enbodi ment of the Ixmd beam 405 al ong sectioning |ines
471-474 in FIG 4A. The thicker 25 central core 450 is thicker about the

| 'ongi t udi nabt % cb2lesHi %gy L4 1€ t he
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shorter thendtpmetioonwéb6si de 454 of the central core 450, and the upper and

| ower sides 45@9?nd. 454 are ié%ft ntial lé paral l el to_each other. Al so,
two sides 452 BIEHISHBONRENF: 8Rer ?B8r auloper baameS5A53naarrordancenger

| ower si dey4faf I+ +0R; g.dt . I re 450 and
the two outer ra1 [ ﬂg&hrﬁ%%@rﬁ%B?ugegjgﬁf%&&% fghﬁgﬂ%%%ﬁc%%?&%oﬁ%ﬁﬁ%?? ‘gl ong
the | orfgi t oiurating pics tidm158P withtdre obeaing 820 forid pro4hial del ang agdnow to
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the present THRRMN BATHIR %?lﬂa% to ghesdisbahendgl bér tAsohefoge, sheh an

openi ng 52@nahid Ol : S i 33, &% ing to
t he distal I(3nd1 1 ?‘?%As%be Oregcfﬂg%lﬂ]r%rﬁg g‘%g’r??s negﬁg%r itt?g?%tﬁo g{{? gc%f%‘ﬁ}lgqgése
pl at e t her stauringtthsHoad)bdzan SG®coithegotdrs d@adnbeatiov@d.to the rotary arm
(not shown). T, supgort portion 535 has a thicker central core 550 that

10 ext ends al oh§aSHBRETE RATHIN 332 Bas i thickap ernielreone 559 tthat have
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118 to t hePHHHCH, Eify SEPPOTFHROKIPH SO pest 2 dhinBsr Haee-engnpertion 55§
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The width of the support portion 535 generally tapers from the proximal

15 end 118 to the distal end 117. The support portion 535 has
syi‘nmetrically shaped sides, each side comprising a curved section 560
that extends from a slightly extended section 563, adjacent to the
proximal end 118, to a tapered section 562, which extends to the distal
end 117.

20 The thicker central core 550 also has symmetrically shaped sides,
each side comprising a first tapered section 564 that extends from a
point adjacent the proximal end 118 to an intermediate point 565, and
a second tapered section 566 that extends from the intermediate point
565 to a core distal end 580, which stops short and does not extend to

25 the distalend 117.

Typically, the thinner free-end portion 556 has substantially the
same thickness as the two outer rims 555. This advantageously allows
the fourth embodiment of the load beam 505 to have a reduced spring
rate and reduced inertia relative to the prior art load beams, with

30 minimal degradation of the torsional resonance frequency of the load
beam 505. In addition, to generate a preload force, a resilient portion

582 of the free-end portion 556, proximal to the core distal end 580,



proxi mal end 118, to a tapered section 562, which extends to the distal

end 117. 20 The thicker central core 550 al so has symretrically shaped
sides, each side conmprising a first tapered section 564 that extends from
a point adjacent the proximal end 118 to an internediate pqinfy 5@ and a
second tapered section 566 that extends éron1the I ntermedi ate point 565 to
a core distal end 580, which stops shor{®and does not extend to 25 the
distal end 117, Typically, the thinner free-end portion 556 has

subst ant | aFRP PR CRGanklternatinelys the 1ord thearnB@S cimmlsshe Herg at a

dvant ; t f. ' t .of th d b 505 to h
Feduced spy rrgcrt sebfion S0 BHiCHe AR PrOREh iiese ol Feted Biscwarn Poad

beans, wi t m@@nting pertidagsatabinen tat s08pbet HoPbdh B2EPN cy of
t he | oad bealg@?ioﬂ%;g In addition, to genefﬁgte ?Oggghoa f’o?%gﬁogic?%gﬁai ent
t

portion 58%¢ c¢.r Another pliernetivess, tophaws ehdsoat betlc the rdisiiealt end
580, 2 J nt. Aternatjvely, the |.oad beam 505 can
al so beélbet#’ ré{?xqg 58%)2%&&[%% ’Bﬁ;flp@ﬁ @W% @a%/}é@WHyPIBPbﬁ%Peﬂdﬂég-, and
| ocated bet weeRIGhSC BRURLY BEoRLEEERBNIBYHARY oS lemBoki Py 1O

provide the preload force. Another alternative 1s t0 have oth
the resilit lsagobeasnSEBmlang 56¢tiofies |livess BFAMSYE5 ih SFRROWA pTher to

bendi . . = I, | Vi f the f t h enbodi t of
o e G5 S SE LA SIS ot enbedt ment of
ot er 1o s oy met L 508 Rt nd Miva f ¥ 4l 13he R fnaPAx £85. ThE .

outer rims 555 extend away fromthe
si de 583 OHPPRE 9datI3 ofothe 660tiad cdrer 560 ishsiottbe thewerthsildeeri8deof the

E S B e WA S L
W dthe of pot i i me co Pareeariel a8 e TR Mg ey
cor r espondpeigrserattbagharser ampearusideab5axand ¥t lmde? lobeer sl 554. In
addition, the widths of both the central core 550 and the two outer rims
15 535 vary correspondingly along the longitudinal axis 551 up to the free-
end portion 556.

Referring now to FIGS. 6A and 6B, a load beam 605 in accordance
with a fifth embodiment of the present invention is substantially similar
to the load beam 505 of the fourth embodiment. The load beam 605 of

20 the fifth embodiment includes an elongate opening 690 that extends
from the resilient portion 682 towards the distal end 117. The opening
690 reduces the spring rate of the fifth embodiment of the load beam
605 relative to the spring rate of the fourth embodiment of the load
beam 505. A similar opening can also be incorporated in the third

25 embodiment of the load beam 405 with the opening extending from the
resilient portion 482 towards the distal end 117.

With reference to TABLE 1 below, a comparison of the performance
specifications of HSAs with the load beams, 205 of the first
embodiment, 305 of the second embodiment, 405 of the third

30 embodiment, 505 of the fourth embodiment, and the prior art load
beam, are provided. These performance specifications are obtained from

finite element simulation. Supporting portions of all embodiments are
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A comparison of the performance of the first, second, third, and
fourth embodiments are provided in TABLE 1 above, and details of the
parameters now follow. '

The first bending resonance frequency is due to out-of-plane
resonant vibration. When determining the first bending resonance
frequency, the mounting portion of the load beam is clamped while the
slider at the tip of load beam is restrained from moving out-of-plane or
in z-direction.

The first torsional resonance frequency is due to undue. twisting of
the load beam about its longitudinal axis. When determining the first
torsional resonance frequency, the boundary conditions used are the
same as that used when determining the first bending resonance
frequency. Specifically, the mounting portion of the load beam is

clamped while the slider’s surface in contact with a disk is restrained

~ from moving out of plane.

The first lateral/sway resonance frequency is due to the combined

motion of twisting and in-plane swinging. Such mode of vibration can

i m to the | oad beam 505 of the fourth eﬂo@@gﬁm The
605 of 20 the fifth enbodi ment includes an el onga g 690
end 117.
of the fifth enbodi nent of the
cPs’fprlng rate of the fourth enbodi ment of the
gl e anmalisdebgth,nG anpovitedand 0.0&6niy d 25

end 117. Wth reference to TABLE 1
specifications of HSAs with the

| oad beans, 2@5-—eof-the first enhodinent, 305 of the second enbodi nent, 405
of the third 3G"EREEE fenttionsod Jf @0R) flod BOBNDIOFrE4o6) hnd®{308) pti or art
| oad beam ai'sg BF-6vH—aad- for nce specifications|are obtained
from finité¢ & siimu.e6d on. Sumeor tfi ng portijonsy eds al | eghegi mpnts are
2 4 JUL 2006 = i : Fajof 15 mmiin lengthl 5 mrn w de and
"0.076mMm thi kHFar anmef ers6% i or Isato4(2Q5) 523 (305)s. &gpl (4053_26§h 505)
Art | st ben |gg +—662—1—326—+—31++0-9680-94/8 [ kHz) -1st rsion (kHz)
3.695 5.904 ﬁaégﬁ §WEZL 58269 || st1.983m 345 116959 121635512 693.863. 8p1
| at er al / sway| (¥4 cantil ¢ver 0.359 0.341 0.{312 0.342] 0.326 _[kHz)

st

lkch";‘nme"er 0.359 0.341 0.312 0.342 0.326

?ﬁ;‘rﬁ)g rate 45.012 | 20.531 18.981 15.442 14.979

lslffogg(or 104.759 | 223.593 | 202.465 | 299.026 80.099

resistance)

(G/g)

TABLE 1




spring rate 45.012 20.531 18.981 15.442 14.979 (Nm lift-off (or 104.759
223.593 202.465 299. 026 80-099 shock resistance) (G g) TABLE1l 5 A
conpari son of the performance of the first, second, third, ﬁg‘d ;ﬁ@rth
enbodi nents are provided in TABLE | above, and details of t JU]B nmet ers
now follow The first bending resonancelérequency I s due to out-of-plane
10 resonant vibration. When determ ning the first bendi ng resonance

frequency, ,the nmounting portion of the | oad beamis clanped while the
slider at lbr‘?ecattl"‘ﬁgré?phl 48 Prsifondng eftthgi reed /twrite head nhowevenf the first or

sl i der at 1} _ _ : wrenfthp first or
wi o1ing_of T REaY g poala dRPaFERCA Tunl o Shaelafiubh B ni ng

the first fraqsémopnl thaaornhecdifsteadesiohal hesBaurdar v, Lidyon d are
the sanme as that, use(ii when_ determ ning the fisr st enorfggﬁ%g%aﬁ'cﬁeiéﬁ

frequency. PEpdeminantly  limitsmide: i bangderdtionobf pobitibnatdrstani.i Whehanped
whi |l e the koer' s surface. | nt.a wth a disk is restrained 20 from
novi ng %ut agrg‘g“é’?]‘e“% 'ﬁtﬁ% ? 1|1JrS gtfarc{gfgf}aﬁ‘y%wsroé?d'}%cfée‘FlPEHGEnE@ei%arﬁﬁe to
t he conbi nbdundairyaroradition s hsNthaNgdsé -G

vibration can 2 4 JUL 21006 18 be ca?a(g??%%ﬁ?icé}té%ﬁg%g?% itggicf%g%cﬁ{elg

read/ wr i t eTERORANGSoMRI dirst taesipnat resdrmameafrequenpciessaraasedf r equency
occurs at a r%

i ' f han the first torsional
Crequency, “wni the' BEsticHrlg er ERARRESE eGhenaycis ie g8spuroRRIBREr OF
When 5 det efbitianiory dfhehéi Iodd I8ahal WHBY d&RsARNASe TIRAYEREY 4 NRI1SATE

10  resonance frequency, the mounting portion of the load beam is clamped

while its tip is free to move out of plane.

When subjected to excessive shock, the magnetic read /write head,
which is originally pressed against the disk, will be lifted up and then
bounce back colliding into the disk. This is often referred to as head

15 slap. The risk of head slap can be reduced if the head suspension
assembly has a low equivalent mass, as this reduces the inertia force of
the head.

Lift-off acceleration is defined as the acceleration of shock at which
the slider loses contact with the disk surface i.e. the acceleration which

20  lifts the slider away from the disk surface, such that the reaction force
between the slider and the disk surface is approximately zero. In this
context, the lift off is calculated based on the following equation as
suggested by Jen et al , “On Suspension Dynamics for Pico-sliders,”

IEEE Transactions on Magnetics, Vol. 33, No. 5, September 1997.
25

Equivalent mass, meq
= spring rate, ks/(2n x the 1stcantilever frequency, fc)?
= spring rate, ks / ( 1st cantilever eigenvalue, hc)
30 meq =ks / hc
Lift-off acceleration , as = lgf /meq

103 x G/meq
= (103 /meq) x G

I
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accel er at i shimgfle shdbk zdirebtioh. the slider | oses contact with the disk

surface_i.e. the acceleration which 20 lifts the slider away fromthe disk
surface;] such that the reaction force between the slider and the disk
surface is 4pproximarely zero tmthrs—epnt eyt the+H-+H—eH—s—eahcul ated
based on the follow ngj{equation as sugge§#g)u8?“ en et al , "On Sugpension
Dynami cs fof Prco-sTidgrs, — IEEF Tramsacttons—or—ivagheties—vYol—34, No.
5, Septenbel PafFetas EquPienAsHt |nass® (298h =|spBiiieoMatd, KBrfioAn x |the 1
stcantil even frequency, fc)2 = dpring rate, |ks |st cant|il ever eigenval ue,
hc) 30 meq fThikhesR@f LijTFulOf T ACOCBARNG s, | ThinndP s S Saraiaasgmeq (!
0-3/meq) x Grinsd JUL 29@hickddds SPrii 1)@ dralie | S| hLOerOM 108 - 2BGinsd 4d T fess.
measured at {the dinple| point. QJtthizkngdsane gdefhgcti on qQegurs en g unit
force is applied at the dinple ijn the z-dirptidi@Bss
' 1stbending

(kHz) 1.380 1.326 0.968 1.405

1st torsion

(kHz) 5.143 5.904 5.921 6.747

1st

lateral/sway 13.821 11.959 12.695 9.847

(kHz)

1st cantilever

(kHz) 0.345 0.341 0.342 0.355

Spring rate

(N/m) 25.952 20.531 15.442 20.289

Lift-off

G/g) 181.062 223.593 299.026 245.22

TABLE 2




5 Enbodi nents
Thi ckness of Full
t hi ckness 1/3 of full

t hi ckness

5.904 5.921 6.747
| 8t cantil ever

(kHz)

20. 531 15. 442 20. 289

and front,

1 st bending _(kHz) 1.380 1.326 0.968 1.405

_(KHz) 1 St 13.821 lé 959 12.695 9.847 1addl Al sway
9 (kHz) Spring rate 25.952

0.345 0.341 0.3
(NNm Lift-off 181.062 223.593 299. 026 245. 22

1/ 3 or

0. 355

rins

| st _torsion

Paraneters (Prior Art) 1-t (205) 3rd (405) (Prior Art)
Thi nned rins, Thinned rins Zero thickness,
no rins at thickness of full

all .
5.143

(G 9)

| 1 TABLE 2 06—20 Enbodinents  Paranmeters (Prior Art) 2-d (305)
4th (505) ( Thi ckness of F U Pmbodimgiéel rins, Thinned rijrms Zero
ri ns, thickness—t3—of—FutHH—and—Front—thickpess —or thickness 1/3 of full
no rins at al IpardfiekngsdPristAmindi nge~d (B3R 1| 314m (5088 1. 4fplior Ak}Hz)| 181
torsion 4.457 5.234 5.269 6.751

Thiclfness of .Full Thinned rims, | Thinned rims |. Zero

rims thickness 1/3 of full and front, thickness, or
thickness 1/3 of full no rims at all

T thickness

st bendin

KHz) g 1.332 1.317 0.978 1.451

1st torsion

kHz) 4.457 5.234 5.269 6.751

1st

lateral/sway 16.273 12.675 13.861 7.990

(kHz)

1st cantilever

(kHz) 0.343 0.312 0.326 0.324

Spring rate

(N/m) 29.022 18.981 14.979 18.489

Lift-off

G/g) 160.037 202.465 80.099 224.149

TABLE 3

With reference to TABLE 1 above, the first torsional resonance
frequency of a HSA with the load beam 205 of the first embodiment, as
well as that of the HSA with the load beam 305 of the second
embodiment, is better than that of the HSA with the prior art load
beam. Also, the third and fourth embodiments of the load beam 405
and 505 have lower spring rates. In addition, the third and fourth
10 embodiments of the load beam 405 and 505 can achieve higher
torsional and lateral resonance frequencies and also maintain sufficient
out-of-plane flexibility, which is the inverse of spring rate. The
performance provided in TABLE 1 is accomplished with a stainless steel
substrate having a thickness of 0.076mm. If a thicker substrate with a
15  shorter length is adopted, embodiments in accordance with the present
invention can achieve even higher torsional and lateral resonancev
frequencies, and shock resistance.

With reference to TABLES 2 and 3 above, the effect of reduction in

thickness of the rims and frontal edge of a load beam, in accordance




(kHz) 18t 16.273 12.675 13.861 7.990 |ateral/sway (kHz) | at cantilever
0.343 0.312 0.326 0.324 (kHz) Spring rate 29.022 18.981 14.979 18. 489 .
(NNm Lift-off 160.037 202.465 80.099 224.149 (Gg) I | | L% RABIBS 3 Wt h
reference to TABLE 1 above, the first torsional resonance 5 frequency of a
HSA with the | oad beam 205 of the first2enbodinent, as well as that of the
HSA with the | oad beam 305 of the second enbodinent, is better than that

of the HSAWNH bhé PReBEh O H:; i ! Ny
enbodi nent s of thgﬁ Ieoadpbne‘?mtldfdorgqgélnlg%g%eﬁagggF%\l%garl’ tse%’?ﬂﬁ%{ﬂ%‘{@s‘g}%

addi tion, thehighenthentbristonalresdnamoedregpuscods tie ldahbebaam 405 and 505
can achi eve hi,ﬂ;g:ﬁrtorsi.onal .and | ateral_resonance frequencies and al so

mai ntai n suffi cSEHt 1BV ERHaRe s e5BiPedy Prowiden a doadbepmewdichf

spring rat I, OV | L I: l i ith a
slto ai n?ess g}t g\lt?&béﬁﬁf?%?g?%@ﬁzz%ﬁg&? giléc r@?gh %&6{187%%%8% fdrgyﬁe%l#x‘ér

substr &t e ldac heans bhsra ercdueregt heighgdopligthtemaodi provRidshimgeoreance
with the present. invention c%rlea,chi eve even hjgher torsional and_ | ateral

resonance 9YPeHHENRSESTMaRFesHIRKVELS Brighcart inadh beams,cpertigelarspirEs 2

and 3 abov f g)cdiggt' | h, ¢lkn f ' .f ront al

edge of a fe(}gg%gleg%] ﬁ?%t Catfgg(%r ancg%%df%qgli éggngﬁ?fﬁwr%%%{c #ég%'r gg%lﬁ%é

i nventi on, cosvéntional doad. béamgethedoadt beairhiofintdle pheseritminvdmgidi,ghsr the
of the | pad beam The present invention, as

gg;zlr iog:lj, ag;&r}i gglg f qeeg:gq%éa%io%i sile rails, ribs or other stiffening

10 reinforcements to improve dynamic performance. Instead, the load

beams of present invention utilizes optimal top profile and regions of

reduced thickness to enhance performance. Such designs are based on

the principle that reducing the mass at the region contributing to a high

level of kinetic energy can preferably increase the resonant frequencies.

15 This shift in design paradigm is also supported by the fact that stiffness

reinforcement has had a limited impact in enhancing resonant
frequencies of higher order in load beams of the prior art.

As described, the load beam of the present invention comprises two

portions, namely, a thicker portion, and a thinner portion. The thicker

20 portion has a profile that is defined by its side when viewed from the

top, and the thinner portion substantially surrounds the thicker

portion. Viewed from the bottom, the outer edges of the load beam,

which forms the sides of the thinner portion, define a wider profile than

the sides of the thicker portion. As the thicker portion is located

25 centrally on the load beam, the thicker portion is referred to as the

thicker central core or central core. Similarly, the thinner portion is

referred to as the outer rims of the load beam.

present invention, as described, improves the first torsional resonance
30 frequency, however the thicker central core is not sufficiently stiff when
moving laterally. The outer rims of the load beam in accordance with

the present invention, as described, advantageously improves the




Is suitable for use in very-high density nmagnetic storage drives. The 5

| oad beam has a reduced height, is lighter, and provides inproved dynam c
performance relative to prior art |oad beans, particularly in relation to
first torsional frequency, and shock resistance. Unlike convendliloH8f | oad
beans, the | oad beam of the present inyeEntion, as described, does not
adopt side rails, ribs or other stiffening 10 reinforcenents to inprove
dynam c pe 0, e ven utilizes
Cynaim PeLASHmSGRnckasioRdy bbEcl 080 yoheR Al RLARATLy LANE TN 1

per f or mancthe Suth thesi gres carter hdges otarm ddverpeliynaffpte thléahréectbﬁm@@xaﬂ he

mass at the region contributi to a high |evel of kinetic energy can
pref erabl y* ?m%ﬁ%%oﬁggbeflpééub%linesHellgemi%C%Enf@ bjegtiyesisgn

PRSI | SoBtROrBPBEREELd I CohBiLuh DN U ELRRES ok bR aEIRARI 12,
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| oad besansredortarecepfricouearcy. add H%Eh? natfeedl réstnd96¢l fRrparedy. t'Tige praeent
i nvention conprises two _portjons, nanely, a thicker portion, and a thinner

portion. TH& Pi‘fllélké'ﬁdu%dp@rl?kﬁﬁsﬁﬁlaéwﬁrBTT the thigker eenfen] gote gxténd si de

when vi ewe t , LN ubst tia urrounds
the thi ckefr} %gﬁel J%’)}ﬁd{\/p Cqug?# gﬁqr% %ﬁ%&%‘gepﬁg}glﬂ@y A;d&eg %q‘ CREY | oad
beam  whi witH ar highdreto&sdﬁmlm‘estolmﬂdaﬂ ﬁeqmﬁ@ytam atdRbisb @R aled@ater of i I e
than the flggﬁ f the thicker iJoortlon the thicker portion is |ocated

i1

25 central Heralgggopanse fFemuenteker portion is referred to as the

t hi ckeyy centra I nC e l,nner rt I,on 1S
referr ed to asA? ﬁg kgh er’ rgPltr?B ongﬁl C?ﬁalg’“l 5’264?’{}86? H?BE ﬁg hl@@n?r 91%18?% - of
-the | oad-steehfoiln Aatent hrage ofi tHe bheser BsaitioM\RH 206 RSpeegaEeded,
| nproves the first tor5|onal resonance 30 frequency, however the t hi cker

central ¢ gm Stapilesy rsteel &t yhere fthevm@tﬁrnﬂmwamadwamt@zgemhﬂydm er
LD, bt 88, BRI GENANL 0, WAcSRISSE LGN wie oo
of | oad bephotdshednitabemapria¢hat @robysONEFSKi Ekgthple, predetermined
15 patterns of photoresist are formed on both sides of the foil after which a
photochemical etching process is applied. The portions of the foil that
are covered by the patterned photoresist are masked or protected from
the etching process, and the masked portion corresponds to the inner
core of a load beam in accordance with the present invention. Thus,
20  after the etching process, the masked portion of the foil remains intact,
and has the original full thickness of the foil. On the other hand, the
portions of the foil that are not masked by the patterned photoresist,
will are etched. A through hole is formed in a portion of the foil that is
etched form both sides, while a partially etched portion is one that is
25 etched from one side. A partially etched portion, produced in this way,
has a substantially uniform reduced thickness, which may be

selectively produced to be approximately 50%, 30% or 25% of the full-

———thiekness—of thefoil; basedonthedegree of etching that is allowed.
Aside from uniform reduced thickness, it is anticipated thata load

30 beam in accordance with the present invention can be fabricated to
have a tapering thickness, exponentially decreasing thickness, and a

variety of thickness distributed along its length.




the art, that the outer rins can adversely affect the first torsional
resonance frequency of the | oad beam Hence, a design objective is a
conprom se between the conflicting requirenents for high torsional 5
resonance frequency and high lateral resonance frequency. The jquj rZBF[fi ns
wi th reduced thickness relative to the é]lgl cker central core exten rom
the thicker central core to advantageouSry provide a | oad beam wth a

hi gher torsiongl, resonance frequency and at |east an adequate [|evel of
|l ateral r esona%é&erﬂagﬁ’@i%&dhﬁﬁ% tyve qananpre pid¢assdobpaticraedbstgintmisced by

etching a iin [ ad ;be of the present invention can
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in conjunction wWith a_ photochen cal machining process. For exanple€;
pr edet er mi &Iié{fkfg;sﬁdﬁ@?%'@hemlbf etehad ar eutdnted mrofiledefsiedeforahet he

foil f j } | tchi i lied, . T orti
of the o [HRKER RnefUA e Yoal BUR0 O B Redaind Blece 6 folhsaliog or
protect ed Armelativély shalienghfylanRsSis ﬁHQtd—BﬁeHﬁ;é%ﬁf cBAiLd O QA {rﬁar{p@ds to

the inner co £ of a load beamin accordance w he present invention.
Thus, 20 aPrefle gefineshitay theoouser rimme offeidice tbaxbritéaon. Aftehesepairhtelgmai ns

nand, i e TERTERURE R LR, coiinel c3rf S Ihenanitet iy, the i PiacRecT
phot or esi sstaintédd stged f@ilcéh%daliénbﬁré’ﬂ%lia:ﬂ)?eg {o}reztﬁéffgubgeﬁggﬁélg, Qfjeof the

foil that is etched form both sides, p lrally etc t1on is
one th¥t iSVopiscenaderadiaernsetaicdeh Athpar byahlegnst shidsepowtiding @ bguced

in thi aptiak | I formreduced thickness, which nay be

el ect  ve Frorinot SN BhRAmY, HolesP Relding ivadoisd; the che pioes’

thi ckness afe weldedftogetier hbaevisalabtiewas 1oc Hréﬁég)?xgtlw%th%g @l st de
e

from uni forggr educed thickness, it is anticipat eam’1n accor dance
with the pReBepivei Roadingriscadopted,abdheaivedis dispavsed draphei abuttihgkness,

exponenti r [ t hi ckpess,, and.a varje of thickness distributed
al 8n git s%é/nage'? ﬁﬁ 8 sU8racls 5 RS twin pieces, whlcalyare then held together
15  until the adhesive between them is cured.

According to the first and the second embodiments of the load
beam 205 and 305, the thickness of the load beam 205 and 305 ranges
between 60 um to 102 um. The length of the load beam 205 and 305,
from the center of the opening 220 and 230, respectively, to a dimple

20  (not shown) at the distal end 117, is about 18 mm. Since the load beam
has a small ratio of thickness to span and does not possesses side rails,
as the load beams of the prior art, the load beam in éccordance with the
present invention, as described, is relatively flexible in the transverse
direction. The flexibility is distributed throughout its length. In addition,

25  the risk of over stress near the spring region (or resilient portion) owing
to physical bending of load beam during assembly process is reduced.

As compared to a prior art load beam with identical thickness,
width, and length, the load beam of the present invention in accordance
with the first and the second embodiments 205 and 305, respectively,

30 achieve more than 20 % enhancement for the 1st torsional resonance

frequency, and more than 100% enhancement for the non-operating

separation acceleration.



2 4 JUL 2006 23 Alternatively, adhering two or nore pieces of patterned
stainless steel foil together can produce a | oad beamin accordance with
the present invention. For exanple, a first piece of foil having a | arger
t hi ckness is photo-chemically etched or cut into a profile defliingd ey the
5 thicker central core of the |oad beam,Then, a second piece of foil
having a relatively smaller thickness Ts photo-chenically etched or cut

into the prOfElJ,l CgftJne? f.or _the Ou‘é’% rimof the |oad beam After
separatel y i CAH0R (RSP TRBR first tepvienghgesomrange dFequeRCT he t wo
pi eces of théabad Qfe?arﬁtlﬁeécécﬁ‘cﬂarﬁereew?ﬂ%%g r88¢ht ﬂ'ﬁ%‘?ﬂ 39 g%l; 38 improve

Subsequently, the 10 two pieces are adhered to eac ARG | aser
wel di ng ortbggammaﬁtmm o€ abdSA g whith! dseloatebdangid &tﬂﬂ@dt ad, the

two pi eces Ided e r at veral critical locations. On the other
hand, if %db’d%&‘llgﬁg ?Z”aH‘B tég A FkBstRe p@oau%rpt—elm kramhbas

abuttlrgg g{ ﬁg@lt urf-a t e C el d
t oget her ?ﬁ ntC il t gnzdr?fés??gugfét%eglﬁ t eﬁ‘%sl gsg‘?}r \ggﬂ g% %‘ﬁ% ge{lhe
first and Shbjmtcdntb dénbphime miceebdrat v .| Bmﬂved%e@rth%OESi@dvﬁ%thé Nead

t hi ckness f t he %thgg beam 205, and 305 ranges between 60 ptmto 102 gm
The | ength S?Hf H d RIEsRPP o vaRtians shopye ditthe gaimt et ofs tthésmma:ll ng

0 o angrctephiod SAAED ([ R AT

117, is about 18 mm nce eam

span and ddes, ableguisineparts teltﬂe dddrive ofasideheilsasl tﬁé%ﬁdﬁea&ﬁ%f RREOTN
art, the | oad b%am I n,,accordance with the present invention, as described,

i s.rel 8 vBISPAtdRVEREODn the transverse direction. The flexibility is
distributed t hPHHQhﬁgBt IfSilié lg on 'y @gl([& téﬁﬁoaé%éélﬁo iﬁé?é{gﬁ’ gaé—ﬁsf[ ress

near the spring regi or res I ent I'on) ‘own 8i ng of

| oad beam aisqumgpaseéntd ytprthidasesss tI@IéUG@fins oS cQ&@Eaﬂ%j difleardild @b art
| oad beamwith i dentl cal thickness, width, and length, the | oad beam of the

present i nRETRIPEFRCHESCUP JaRBEVE e bendiag when Té?mlotalde eanoolithemboidrnent s
205 and 30pyt {£8PGES 't&%%nal q%saﬁgh%\éefrga{,l%ncy 023ted HNaNes! th ed U the

1st torsional resonanc
15 prior art load beam, side rails contribute to higher torsional kinetic

energy, vibrate excessively and cause lateral movement of the slider.

In contrast, the load beam of the present invention has outer rim
portions with reduced thickness relative to the thicker central core,
which tends to reduce the resonant energy stored over the portion of the

20 load beam close to the outer rims. Hence, the resulting twisting motion
of the load beam of the present invention is not of a significant
magnitudes to be translated into significant lateral motion of the slider.

Given identical profiles and equal spans, a load beam as thick as
102 pm can achieve higher torsional frequency than a thinner load

25 beam. However, the increment in thickness may adversely render
higher inertia, higher spring rate, and lower shock resistance to the
load beam. To overcome the disadvantages of the thicker load beam, the
profile of the load beam may be defined in a variety of ways that
distribute the mass of the load beam. '

30 To achieve higher flexibility of the load beam, in accordance with
the present invention, without necessarily sacrificing a higher torsional

resonant frequency, the thickness of the free-end portion 456 and 556,



frequency, and nore than 100% enhancenent for the non-operating separation
acceleration. 2 4 JUL 2006 24 In addition to inproving the first torsional
resonance frequency, the |oad beamin accordance with the .prp§aﬂ|'£ 2%5

i nvention, also inproves the gain characteristics of a HSA in Ich the

| oad beamis utilized. As illustrated 'Qg FIG 2D, the HSA with the prior
art | oad beam has 5 significant gain, or abrupt peak, at its torsional

the load Boshie SR SPEskhenibiTas, Shonis notthin g thatiof the eares! ona
Gt loast D parr e el Al PR AR ISHB B ot s lonle 10
present inbeam,oin atherdmnghtwith thalereachs ioverdtion | ehe aidsili@Rd ppeashi s

i do rai1 <03 P i UTBE Eird A leribvambedisanings.anlayest Amdbbeam of
edges of 15 r o PortiohSi82 Al oes L RRRP ST B Bie A 4% 4BE] ona

kinetic ethinger frebreaic portiessib6l gndng56astae He@kleh%re@é{@iﬂ% HnPthhige
sl i der. I\?\Fﬁont.rast-, thfﬁ I_gﬂd beam of the present invention ' has outer rim
portions AW Ry He*iRHEYs rel ative to the thicker central core,

oad boam cl ooy o & NP R0k TP RRTonng. o PaCEReRY 914 OB 8 HEE iston of

| oad beam close to the outer rins. t

the | oad bsiarfaltiesonanee itequetes boMe $hiidllcrbodimbARiS 1AM gmeRLt udes
to be translated into signifjicant lateral notion of the slider. Gven
i dent i ¥l ¥ 1§ E]@@rb?ﬁcfr@amd BpEIen 456,dhde firstiiatesat hesdnarsce frlédugncgan

hi hi ' th t hi . | oad 5Db Ho ,
the fnor enaniptSia B3l BEMENah Ie Sidtkoresistmce phERe TaBd eghar
spring ratis aacmdeWﬁﬁpﬂﬁrd&&hbbdﬂﬁ%ntth{ﬂ}%ve$ Qﬁge%fﬁx:lﬁse -i’-)ﬁ%fa?%le El‘?@ﬂre the

di sadvant a&es of the thicker |oad beam the” profi eam may
be defi ned {a% irsiqr aft,visélet the spring rate and mass remain relatively

low.

15 To further enhance the flexibility of the load beam, in accordance
with the present invention, the length of thinner free-end portions 456
and 556 with respect to the thicker central core 450 and 550, of the
third and fourth embodiments are extended. In addition, an opening
690 can be made extending from the resilient portion 582 towards the

20 distal end 117, to enhance the flexibility of the load beam of the fifth
embodiment. Yet another method of enhancing flexibility of the load
beam, in accordance with the present invention, is to manipulate the
profile of the thicker central core and outer rim accordingly, to reduce
vertical stiffness.

25 With reference now to FIG. 7 a process 700 for designing a load
beam in accordance with the present invention, starts 705, with
defining 710 a design domain for the load beam. This step is akin to
defining a design problem and providing initial information pertaining

- to the design problem. Design objectives and constraint requirements

30 are formulated and provided as response parameters. A design domain,

which encompasses the spatial distribution of all possible designs, is

defined with boundary condition parameters and external loading




di stribute the mass of the | oad beam 30 To achi eve higher flexibility of
the | oad beam in accordance with the present invention, wthout
necessarily sacrificing a higher torsional resonant frequendy, JULhmﬁh

t hi ckness of the free-end portion 456 and 556, 2 4 JUL 2006 25 of the
third an fourth enbodi nents, is nade asgghin as that of the outer rim455
and 555, respectively. Also, to enhance flexibility of the |load beam in

accor dance g ' [ t resilient portion 482 and 582,
o “the i FrramtpEs PREE R de ViR ARerek B 155 108 Reabt Huirits aperatani.
portion 48Inaadd$Bani smatesiaddfor! e6e Idud Nedthsidlscl€PR AL LS 4 RRatdhner
free-end portion 456 and, 556 can bend nore easily and thus g] | ow 1 nproved

f1exibilitParaRHes Spatiadithioknens wfahe designctnessinots t4ikemyms tbsighi r st

t or si onal f . t third.enmbgdi nent, i 0.7 kHz. Due 10

to the thi E%Zra ire&egnrzagg |g%;15§%fgst ﬂ%ltfeflf%tﬁ}eaFBﬁgﬂaﬁg’e St F¥duency

i's inprovedtarst weth. uhiforedi 6 Ganddia $hRUNESS ?h@ngﬁ%ﬂta}lltﬁﬁckf{%gsb am in
I'g an

accordance&wi th third enbodi nent inproves three tines er t that of
the prior pwWeghtq Banhevepiterafions of spdimizesioremai n rel atively |ow. 15 To

further enhance e hbil it f the load beam in_accqQrdance. with the
present inventi grr?tl ?’%}Aerﬁﬂ%g‘fv e\éf 8?%%83 g %%gg?ﬁf"’aoﬁoﬂ'i%g’sar%élskaﬁé“’%G
wi th respehtaving tdskishinalera c@iathdderC . 530 ird and
fourth enbodi rrlggﬁts are ext.earllded. Irﬁ3 aggiezt ?gg?agﬁs’ogeﬁfﬁ%ﬁ gg)(fn%gjrll ]gle%rrade
ext endi ng Fe@iANENdar shiapedist defined ovitbaPinhensiods dfhE2@endidshat R08ndrh7, to

&
h the.f lexibiliky of the Joad b f the fifth .enbodiment, Yet
Snorhafo | nfor SBAD Wil Ptnd iR s’y Dkt Fhep damEn riamesn dance
with the presiiediayamddritlevéswith BRR Gt e giﬁal ehaf '?}e% ﬁJ grgclnfef foplgker

central core and outer rimaccordingly, to reduce vettica ness. 25
Wth ref er iR @powitoendGthe proxiowsendds dlampledi Bhingegighodeémdinam i n

accor danceaﬂ'ot ﬂ)atc{é%l Rife gritatcier@ieiggidoe{]f itgtcﬁrs%asl e719(i3 to V\slii;[nrllllate inertia force
produced by the combination of a gimbal and slider, as provided by
15 loading parameters, and stainless steel is selected as the material from

which the load beam is to be constructed by material parameters.

Next, topology optimization 715 is applied to the defined design
domain along with the design parameters. Topology optimization is
typically performed by a computer program, which essentially solves the

20 structural design of a load beam as a material distribution problem in
the defined design domain. The objective of topology optimization is to
satisfy the design requirements by varying the design parameters as
they apply to various locations within the design domain.
Conventionally, a physical prototype design of a load beam is obtained

25 through material addition to, or material removal from, a building block
of raw material. Similar to the physical process for producing the
prototype, simulated material distribution is used to virtually
manipulate material by varying the thickness of the structure of a load
beam at various locations within the design domain. After an optimum

30 thickness for the design of the load beam is determined, an optimum
design with complicated shapes and holes is automatically generated as

a contour image of thickness distribution. This is accomplished by




defining 710 a design domain for the | oad beam This step is akin to
defining a design problemand providing initial information pertaining to
t he design problem Design objectives and constraint requirenments 30 are
fornul ated and provided as response paraneters. A design ddraili, 2006ahi ch

enconpasses the spatial distribution ofsall possible designs, is defined
wi th boundary condition paraneters and €external |oading 2 4 JUL 2006 26
paranmeters that w |l be encountered by the |oad beam during operation. In

addi tion, FREEHYET BrocedlEes g5 sofievane whisheaupleadiniterglesnent anphisiswt er .

Spati al thikgk8Rss EE%- [ LN As.taken as design paraneters or
desi gn vari abl es.t}?%i?tl aﬂ?%,ﬁd?ﬂlél s%@aé%ﬁlﬁf%ﬁess may 5 start with

uni form or randémarte ekrimslmelite thpaldsign tdubkiies$ nhmeALhRYRHsERtIRBHY over
iterations,of optimzation. For, exanple, when designing a |load beamfor a

hard di sk HQBUREEAYyShalles elementsdivdmsathickness isrtekes, as addesign

domain 4 n an arg.S: | fi w th dinmensions, of 12mm
4nm 0. O%mneilﬁfafq%%’ s%gg, i E?Eg}aén egﬁi E?E‘??g&%s r&s b’e‘*@ﬁs VO AeteRmingsiths
domai n is penidetethes and 8shbiténey ofid Meeien eHe otiset @hdeskhsitivRg t O

move while, fhe opposite end, the proximal end is clanped. The desig
domai n i s YHPIR LS then rumarieally Iahtained iand dwhsdquently cusédntbat e

inertia fo o] e c i nation of a qgi nbal d slider, as
provi ded bf}f“f@‘ﬁ%a%gg%‘g%v%’%{%‘er@?g% g’tlgl? n?es%ogrﬂséBloqad;ngelgb‘F #€8S the
material fdistribwition,t kehicdadisbaaer Subedb@ofogébfseahg%t%rg@l E% ahn

e~ define

paraneters. Next, .topology optim zation 715 is appli'ed to t
desi gnt© dofBIAEREAR- wi t h t he design parameters. Topol ogy optim zation is

typically perfo : £ _.Drogr whi ch essent.i al | ol ves t.he 20
structural desi éﬁ%gf%lﬁgggqgée%%%rgs f?n%%@#?@' %W?%ﬁ??o%‘p%ﬁ?’éﬁ?fln t he
def i ned deabgve,dammiptimifeel abtesial \Es@ibhaBA! B8Y 8BLigH 8£hiI18AdI Sed is
satisfy the demgn,re ui renents by varying the design paraneters as they

apply to vektadnsd; i sxhishstha thicknese ddébedoaddmeam. in tandesigrodairain a
physical  pfol0l § PRy 195488 iﬁfgx%fsggfje OS8R 105085 provided either as
15 a display on a user terminal or as a print out. The varying contours
indicate portions of the design of the load beam having full thickness,
portions having intermediate thickness, and portions having zero

thickness. Physically, the portions of full thickness represents solid

portions, while portions of zero thickness indicate material removal or
20 holes within the design domain. Portions of intermediate thickness

indicate relatively thinned portions that are thinner than the full

thickness portions.

-MODE TRACKING

25 As is known, vibration of certain resonant modes, for example,
torsional and lateral resonance frequency modes adversely affect
positioning accuracy of the read/write head, while other resonance
frequency modes, such as transverse bending, does not. Consequently,
an objective of the topology optimization step is to increase torsional

30 and lateral resonance frequencies of a designed load beam, in order to

produce a designed load beam that allows a read/write head to be



25 through material addition to, or material renoval from a building block
of raw material. Simlar to the physical process for producing the
prototype, sinmulated material distribution is used to virtugdll)| 208ni pul ate
material by varying the thickness of the structure of a |load beam at
various |ocations within the design dongﬁr. After an optimm. 30 thickness
for the design of the | oad beamis determ ned, an optimum design with

conpl i cat ed Osshf.ges d,gnd holes is autonatically generated as a contour inage
of thi ckned¥AHEPEHURPER. 2¢RPEatelya¥sipla shistemyrequency beasl, 2hus

conput er prsWﬁ@,% RistSofdMefigne Whi ch couples finite el ement analysis,
sensitivity analysis and nunerical optimzation. In one enbodi nent, the

desi gn donei n i $lowensar, tengverselyr benditk ficqleneisehests t6'BY hffinehREant s,
whose t hi ck@e S is ttglé?n as a dﬁg, n 5 variable, and finite el ement .
anal ysi s i &0l PuteRirBlans e lgé}'fﬁnrrrmmmtsélwngi Wieightfof thesi gn.
The respongg NR kL H Ve i L pn. s t.hen nunerically obtaj ned and
subsequent | ya%}sng,é&t%oﬁé%go%%%eaaﬁ&?{ﬁp%vc%d d(.l%cé?ﬁﬁ Wi FWBMS%%&SBHB 98y

thi ckness ogitsnizalidr ap, distirduish thernrdseehrcer fredpRagyeriodinat Siand 10
optim zation. After nultiple iterati ons of topology optim zation, as
descri bed %gf:legﬁn@p{og nmBpacYiEee thel pelifermiameei of af tvadh bkesingin dhea | oad

beamis o | I-n s why the thickness of the | oad heam.in the design
domain i s%ﬁ%gﬁ?aﬁmrtg g%l ﬁlne d?gég@é]lcg &Fﬁqﬁﬂcé’. mpdes cthath@rgr lsssded
ei t her as télexadits pMathonmadés efralcdtifiichakher i vaLyi ng
contours Qﬁdi cate portions  of trr?e églégfglrt]hgf t?ﬁgﬁ%gdagggﬁ%%wﬁg %E%SI

t hi cknkls, 2dp3ntagrrisinprayides & tenolegy fori dientes] beadn pibrati raisesahieng
zero thickhess ' I rtions of full, thickness represents
solid porti ns,nc\%ﬁlﬁg%g%r 95%1}5}810 %férrc?stoﬁiaazrf@?ge?rﬁﬁ dedusgsdhiealessenoval
or 20 hol esclevaht nrdsomaiets irfgoddoMons@Pathans e 8 gfc{é;ji t?m}n ' ess
indicate rel atively thinned portions th(gl)l_'f1 arg’ t hiennei) t nﬁe %HEBH
t hi ckness PRtWAsHProgram that is employed incorporates mode tracking that is
based on modal assurance criteria (MAC), which was originally
15 proposed by D. J. Ewins, Modal Testing: Theory and Practice, Research
Studies Press, 1984, for experimental modal testing. MAC is defined as
follows:
MAC = | Drere @un|2/(| Prers Dret| | Do D)
where @y is the reference mode shape; and
20 @y is the m-th mode shape to be monitored for a modified

structure.

The value of MAC varies between 0 and 1. When the MAC value is

equal to 1, the vector ®y is identical to the mode shape ®rer, and when

25  the two vectors are orthogonal to each other the MAC value is equal to

0. In mode tracking, the mode with the highest value of MAC is
identified as the targeted mode.

After the topology optimization step 715, a topological image in

grayscale is produced. This image shows spatial distribution of

30 material, in term of thickness, within a design domain. However, the

design of a load beam with continuously varying thickness and complex

geometry is very difficult to be realized using standard fabrication



MODE TRACKI NG 25 As is known, vibration of certain resonant nodes, for
exanple, torsional and |l ateral resonance frequency nodes adversely affect

positioning accuracy of the read/ wite head, while other resgq{nﬁ,no%gn
frequency nodes, such as transverse bendi ng, does not. Consequerlit )ﬁ an

obj ective of the topology optim zation ggep is to increase torsional 30 and
| ateral resonance frequencies of a designed | oad beam in order to produce

a desi gned¢éqagh t | wite head.to be 2 4 JUL 2006 28
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rel evant for inproving the performance of a | oad beamin the design domain
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photochemical machining without partial etching is used, a single layer
is possible. When partial etching is adopted, two layers can be realized.
On the other hand, a load beam that is made up of more layers with

15  distinct profiles is possible when of process of joining the layers is also
employed. The joining process can include welding, adhesive or three-
dimensional printing, as in rapid prototyping processing. However, the
final choice of fabrication technique(s) is determined by the cost
afforded.

20 For example, the conversion process for a topological image into a
design that utilizes a single layer of material now follows. Two design
states are allowed within a single layer, namely a solid and a void. To
convert a grayscale image into a monochrome image with two states,

- image filtering is adopted. First, a threshold that distinguishes a void

25 from a solid portion is set, say at 1% of the substrate thickness. This
setting implies that, any location with the material thickness that is less
than 1% is deemed as a void. Otherwise, it is deemed as a solid. After
an initial image filtering process, adjacent solid portions and voids may
alternate in repeating patterns. In this case, the thickness of the

30 repeating patterns is averaged before proceeding with a subsequent
image filtering process. After image processing of the designed load

beam in accordance with the post-processing step 720, an image with




equal to 1, the vector (Dmis identical to the node shape (Dref, and when
25 the two vectors are orthogonal to each other the MAC value is equal to
0. In node tracking, the node with the hi ghest val ue of I\/ACé ii:u égﬁlentified
as the targeted node. After the topol ogy optim zation step 71 ,'— b

topol ogi cal image in grayscale is prodgged. This inmage shows spati al
distribution of 30 material, in termof thickness, within a design donain.

However, t dexd f .2 l,oad b (.t h continuously varying thickness and
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et chi ng i stiagaptddi er be.v:galhzed. . On..the other.hand, a | oad
beam that is nade _u%ﬁggtér%)réé ayers %o{1§, 1@%&5& Sefidy B3Rf| ¥Qid-sImage b e
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Loy et e SNt U gL, D0 ARG 00 o
singl e | ayepidofa heeatiomlwithva fthidlavess Thgt G s thsh BER BLE AbFOWRESLW t hi n
a single | P s crllé’j‘ermﬂlle% %Ssgl %I%n%%% aso\lli%.i %or:cl-i%n, and a location having a
thickness which is greater than 60 % is deemed a solid portion. Next,

15  the portions of the designed load beam having alternating solid portions
and voids are averaged and subjected to another image filtering process.
Finally, the solid portions, thinned solid portions, and voids are
consolidated separately and result in a load beam design having two
layers, where the two-layered design is suitable for manufacturing.

20 The distinct profiles of the two layers can be realized, respectively,
by etching from each of the upper and lower surfaces of a substrate,
such as one of stainless steel foil. Where a joining process is employed,
the two layers may be fabricated separately, and subsequently aligned
and joined together to form a load beam. Following the same approach,

25 a topological image can be converted into a design of multiple layers
using multiple thresholds for image filtering. After image filtering is
completed, the profiles of the converted image(s) are reconstructed
using simple lines and curves. Simple geometric construction of the
load beam design is necessary for successful fabrication.

30 After post-processing and reconstruction, the performance of the
load beam design may not be as good as that suggested by the optimum

design in variable thickness. Hence, there is a need to refine the load
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greater t %Q 4 eRyIRd | ;d_portjon. xt,..15 the portjions of the

desi gned ngéﬁgela/ergl ﬁ%@i ng albtaeg?ﬁaél ?11§ns51qe(§ Bg?t?'%g%’ the &ﬂ‘&é’e%ts

aver aged adefisedjincstet YoOanhehethd r@pgirbildRsi 49 dRHACASS: st%ﬂ Z‘i![déé'aret he
a

solid portions, %gl nned solid portions, and voids are consolil
separ at el yVai8dr é§@h1and he cprperssm 7@ itptunnsi ty stap 7118y efstopdlery t he
t wo- | ayer egh,@gs$i-98i o L4 pb manufacturing. 20 The distinct profiles
of the two aygrgﬁgzgﬁ %%'é%cfé‘éz?%l@% ¥aer§83cf?9‘é1r§%ents’ and proceeds as

15  described. Step 740 of varying the requirements comprises changing the

initial design domain and design parameters.

The load beam of the present invention, as described,
advantageously has improved torsional and lateral resonance frequency
performance relative to prior art load beams. |

20 This is accomplished by a load beam having an elongate support
portion extending between a proximal end and a distal end, where the
width of the support portion tapers from the proximal end to the distal
end, and where the thickness of the support portion tapers laterally
from a thicker longitudinal central portion to thinner side portions. A

25 lateral cross-section of the support portion extending along its
longitudinal axis comprises two substantially parallel sides, a shorter
upper side, and a longer lower side; and two sides that extend between
the shorter upper side and the longer lower side. This load beam
structure distributes mass three dimensionally to form the thicker

30 central portion and the thinner side portions. The thicker central
portion advantageously contributes towards the load beam having a

higher torsional resonance frequency, and the thinner side portions




by etching fromeach of the upper and | ower surfaces of a substrate, such
as one of stainless steel foil. Were a joining process is enployed, the
two | ayers may be fabricated separately, and subsequently ali diedilsand
joined together to forma | oad beam Follow ng the sane approach, 25 a

t opol ogi cal inmage can be converted intogg design of nultiple layers using
multiple thresholds for image filtering. After inmage filtering is

conpl et ed, J4i8, i o) nyerted i s), are reconstructed using

sinple lines arfﬁ%%tﬁp\l‘%? (Iéfﬁn%f%&geeXWtatrgé gﬁ%?@%ﬁe@m draviRg & bigheream

design i s hetrabaesoriamcs begeealyl fabrication. 30 After post-processing

and reconstruchjon, the performance of the |oad beam design may not be as
_ t

good as that s El%leWeﬁﬁ@tdm’ﬁntl@n,cmicbisc'ribethph'ahﬂdestﬁ!il@&debaarri'lence,

there is a i he .load 2 4 JUL 2006 31 beam design by tweaking
its | engt h,alill Wi g‘%%&la@{?gff%{]?g%@?lﬁgnﬁms With QVREGOTRES B at iltzaﬁgrealuces

opti m zat i theiaboveeseritohs®R¥BIdMAS JTTht Hg@gf% of the interpreted design.
This is acconplished by a refinenent ste357 of the |oad beam design. 5

Subsequent | y t KeWpiéeorpareaiatsd tl;ﬁat akkhoneth m}gzdpmmldgsar@b%dﬁnheﬂ&t &f m ned
~ 730 using i . Si t,i on and e rimentgl testing, _and the
per f or mancgﬂ ?gﬁggﬁr%g?leggkf§§ G5 aeﬁ%“gﬁggdnpngﬁ%i,mé@us waedifiqaitoneendr mance

of the ref imgdovenmtrieaehaeseomaat E’?’eii‘,ei’fkggﬂ (SEftd ?HEQ%eS paf'r CigtLn step

710, then the refined design is ado e dési ends
745. HowevEEPayiiBg from the scopmof the preséret irafentizth.| oad beam desi gn does
not satisfy the requirenents defined in step 710, then the requirenents as
defined in step 710, are varied 740, and the process 700 returns to step
715 of topology optimzation based on the varied requirenents, and
proceeds as 15 described. Step 740 of varying the requirenments conprises
changing the initial design domain and design paraneters. The | oad beam of
the present invention, as described, advantageously has inproved torsional
and | ateral resonance frequency




performance relative to prior art |load beans. 20 This is acconplished by a
| oad beam having an el ongate support portion extendi ng between a proxinal
end and a distal end, where the w dth of the support portion tapers from
the proximal end to the distal end, and where the thicknes; ok%F@ support
portion tapers laterally froma thicker |ongitudinal centrdlt fbr nto
thinner side portions. A 25 |ateral crosgysection of the support portion
extending along its |ongitudinal axis conprises two substantially parallel
sides, a shorter wupper side, and a |onger |ower side; and two sides that
extend between the shorter upper side St he | onger | ower side. This |oad
beam structure distributes nass three dinensionally to formthe thicker 30
central portion and the thinner side portions. The thicker central portion

advant ageougl y c } in i r rsi onal
resonance fIrsequeA:%(r:lg)fria g}ﬁgﬁf E%P%‘ﬁ%%%g?%dggﬁg%ﬁ% ﬁggrllg%g a41%51 %Iletgjoggﬁ Sé‘%%gé
advant ageoudriive, coniprisbui.e towards the | oad beam having a higher |ateral
resonance frequency. Thus, the present invention, as described provides a

| oad besdm and ras ¢lodgaermdmbeybeing sibstantialy thpervd noagees bhﬁﬁﬁdih&h@tis
reduces the abovenentioned problens of the prior art. It will be

appr eci at edPHWEED A MBRGRE0Hd, pprian and & freniendi partios, die elongaienmentbieon

have been de i bed_ in detail, various di fications and inprovengnfs can
be made bngﬁ’géés%glag%aﬂCer88§-,§e€(‘l}1,gna?lfteaﬁ{%@ﬁongiéﬁa}qqshga Wéﬂ?i‘h&géé%pe of
the present)ohBNEMnLP xis2 ; 2 . 0 Fr% for ead
suspensi on gs%enb?-ly g}FISQVﬁn%éér%ttﬁ%Q%Frsag%ggos?éfggoné}aﬁ MO s@l@ Sﬁ@%@m@mﬂn
el ongat e nevidkarcdagprigingubst antial ly tapered along its |ongitudinal axis
between a nounting-end portion and a free-end portion, the el ongate nenber
10 a shorter side; and
a longer side; and
wherein the lateral cross-section has two sides extending between the shorter side
and the longer side;
wherein the shorter side and the two sides define a thicker central core portion,

15 and wherein the longer side and the two sides define a thinner outer rim portion.

2. A load beam in accordance with claim 1 wherein at least one of the two
sides tapers relative to the longer side as the at least one of the two sides extends
from the shorter side to the longer side. |

20
3. A load beam in accordance with claim 1 wherein at least one of the two

sides is substantially concave between the shorter side and the longer side.

4. A load beam in accordance with claim 1 wherein at least one of the two

25 sides comprises at least one step between the shorter side and the longer side.

5. A load beam in accordance with claim 1 wherein at least one of the two

sides comprises a contoured surface between the shorter side and the longer side.

30




having a | ateral cross-section extending along at |east a portion of the

| ongi tudi nal axis, wherein the |lateral cross-section has two substantially
parall el sides conprising: 10 a shorter side; and a |onger iﬁ .-and
‘wherein the lateral cross-section has two sides extending bezaé Ezmﬁe
shorter side and the |onger side; wherein the shorter side and the two
sides define a thicker central core port%ﬁn, 15 and wherein the | onger
side and the two sides define a thinner ter rimportion. 2. A load beam
in accordance with claim1 wherein at |east one of the two sides tapers
rel ative to0the Adegéibesimiin accordancetwithadainpheviwdreinhthetiwo sidebesxtendiapds
fromthe shgrter ide to the |longer side. 20 3. A |oad beamin accordance
with clai m3°tWeeER gﬁl%ﬁzﬁftqrémr 8idE apd the donges lowerride pee symywetival.al | y
concave between the shorter side and the |onger side. 4. A load beamin
accordance with claiml wherein at |east one of the two 25 sides conprises

at |east onp step 1B&d (Y ; opger . Si |, oad
beam i n accordance w ﬁ%ﬁg‘ g?%@%%%e?ﬁh}?a@ggs%ﬂ%ﬁ@ @%e‘i’h@e? &Bnégli @52
conpri ses acomptisusra dest 'ohd COnb et \BeRidngab BAehas asled ﬁ‘di'ﬁ WidGhe ST de.
30 2 4 JUL 2006 34 6. A load bea?l\npi n accgr dance \a}vi tehﬁ | al %1:1}?5@ er eietl;\let he
two si des expvpdigignd bed teefree kadshorter upper side and the |onger | ower

side are symmetrical. 7. A load beamin accordance with claim 1l wherein the
thicker central core 5 conprises at |east one concave portion that extends

at least pagtial t n.the unting end and the, free end. 8. A ]oad
beamin acggdr dan%gogm&t% é‘ﬁ &C?LOR%&[")}QF%iW%f 5 1%?n eregy the: thinngr olfer rign .
conpri ses aortidAStorRPAsECHE A4t RRRL Ye @ ddrfhiy 1O
bet ween thgs nount | ngﬁlg%d and th%ﬂ%r%de}ﬁg%gﬁ;ogﬁéke[ﬂgg %{)eggrgn%me%gc‘%afgé%e
wi th cl®mi mbetwben dienmohatihpiendand b fieeehd® | ncl udes an enl arged portion
that extends away fromthe longitudinal axis at a
9. A load beam in accordance with claim 1 wherein the thinner outer rim
includes an enlarged portion that extends away from the longitudinal axis at a
distance that is greater than that between the longitudinal axis and any point on

15 the outer rim portion that is adjacent to the enlarged portion.

10. A load beam in accordance with claim 1, the elongate member has at least

one opening therethrough.

20 11.  Aload beam in accordance with claim 10 wherein the at least one opening

is proximal the free-end for increasing the flexibility of at least a portion of the

load beam.

12. A load beam in accordance with claim 11 wherein the at least one opening

25 extends from the shorter side to the longer side.

13. A load beam in accordance with claim 10 wherein the at least one opening

is proximal the mounting end for mounting the load beam.

- 30 14, A method for designing a load beam of claim 1, comprising the steps of:




di stance that is greater than that between the |ongitudinal axis and any
point on 15 the outer rimportion that is adjacent to the enl arged
portion. 10. A load beamin accordance with claim1, the el ?E%ate menber
has at |east one opening therethrough. 20 11. A | oad beam  h JHcd®dance
with claim1l0 wherein the at | east one opening is proxinmal the free-end
for increasing the flexibility of at le a portion of the |oad beam 12.
A |l oad beamin accordance with claim11 erein the at |east one opening
25 extends from(iqhe,shorter side to the longer side. 13. A load beamin
accor dance i t h dalHiing aolespgsy domainneeann t pasduceren iopagei ofp piopopeddesigh t he
nount i ng eanthoi €1Eﬁ)}gnting the | oad beam 30 14. A nethod for designing a

| oad beam of &t af ‘?an(l,’onpri sing the steps of: 2 4 JUL 2906 35 a) defining

Eeg_renSi oy e %ﬁ?ﬁéﬁ&%ﬁ%ﬁ&%ﬁ%ﬁ?@g' O:d
ond beam ant S 0 b P ORI 8 it WP A R OIS, 1

produce sa apanufprotessihpetltesogimided ihdgRadfbaaMiod®. bémeidastolifte a
designing a | oad beamin accordance with claim 14 further conprising the
step of: i dnapufpeturahlagesigo ofdhefcucthaannl e design of the | oad beamto
produce a refined design of the | oad beam 16. A nethod for designing a
| oad beamin accordance with claim15 further conprising the step of: 15

det i n t f fined desi f.the | 17.
N method a7 ded ann 3O BEGER Rz | Rad Basman ccownre will HAitd i irer
conpri si ng dofepridi Pt step bf:comparing the performance of the refined design

of the |oad beamwth desired perfornance; g) when the performance of
the refioned)desirgfinnig theemhmafictuzalsie sdelsiirnof (hd) loyd beam to produce a refined
design of the load beam. '

16. A method for designing a load beam in accordance with claim 15 further
comprising the step of:

15 e) determining the performance of the refined design of the load beam.

17. A method for designing a load beam in accordance with claim 16 further

comprising the step of:

f) comparing the performance of the refined design of the load beam with
20 desired performance;

g) when the performance of the refined design of the load beam substantially

meets the desired performance, the refined design of the load beam is adopted as

the design for manufacturing the load beam; and

h) when the performance of the refined design of the load beam does not
25  substantially meet the desired performance, the refined design of the load beam

is changed and steps (b) — (h) are repeated until a subsequent refined design of

the load beam substantially meets the desired performance.




meets the desired performance, the refined design of the |oad beamis
adopted as the design for manufacturing the | oad beamy and h) when the
performance of the refined design of the | oad beam does not %? 2
substantially neet the desired performance, the refined desi% Qﬁ w%e | oad
beam is changed and steps (b) - (h) are repeated until a subsequent
refined design of the | oad beam substantjially neets the desired
performance. 2 4 JUL 2096 36 18. A net for designing a | oad beamin
accordance with claim 14 wherein step (a) conprises the step of providing

at | east bolthdar4x memedifoodesigningea boas, beamx e nocdrdhmrtivhil chamaletviesein and
mat eri al para ers. 5 19. A nethod for designing a | oad beamin accordance

t : M L)
with cl ai m 8P {FHetUPRIISES & Sten) of prpYidingsat leestshbamdaty nouidition papansetersst ur e
of the |oad .material disiribution in the defined design domain.
20. A net ho(a&%glrql @%?f%??f@ma?t?réa@ Fr1ah PRERGtESnce with clai m 19 wherein
io step (b) further conprises the step of varying the boundary condition
paraneters, external |oading paraneters, and the material paraneters at

variou' s | otht i oAsnethbllfoP ded18nHRSd WaddXg Aols LQRi ng a
| oad beam in accordance with g?gl;%m 14 mp‘na&ﬁd@@?@@%@nﬁ@é@ he

steps of dettep (Bndomprsesopiei steprof halehingsa ofudthes oPHRNBEE Bed@SdIMatkia he
| oad beam and_subsequently generating an opti nrum design of the |oad beam
22. A net héﬁswtla@w&?ﬁ ﬁ‘@tsll%Pd desigmbdamaim accordance with clai m 14 wherein
20 step (b) conprises the step of topology optim zation that enploys node
tracking. 23. A nethod for designing a | oad beamin accordance with claim

14 wh [ t j ; I i nt. ti .
topol ogi cal s mags TyGHTBE iEGEnil Ru8beh, PR ek et R o
tiolm | AHREE . "y . L arinct

[)nrJ of: Fe? tﬁg?r g)r)e t rgﬁggtg ggﬁsymfgtsg%gfg fa%ﬁyclz(%di on ){ggﬂﬂ}igﬁgs ;észﬁ;

met hod for exénghloagling |ppaambteasy amd doe onaterigle pataiictetsaatny Ao Rications St ep

(d) conpri Sv%%higlht e?lteselgn(zifon?a%.i m zing the size of the |l oad beam 30

21. A method for designing a load beam in accordance with claim 14 wherein
15 step (b) comprises the steps of determining an optimum thickness of the

proposed design of the load beam, and subsequently generating an optimum

design of the load beam.

22. A method for designing a load beam in accordance with claim 14 wherein

20 step (b) comprises the step of topology optimization that employs mode tracking.

23. A method for designing a load beam in accordance with claim 14 wherein
step (c) comprises the step of manually interpreting a topological image of the
load beam to covert the topological image into multiple layers, wherein each of

25 the multiple layers having distinct profiles that are tractable by standard

fabrication techniques.

24. A method for designing a load beam in accordance with claim 15 wherein

step (d) comprises the step of optimizing the size of the load beam.

30



2 4 JUL 2006 37 25. A nethod for designing a | oad beamin accordance with
claim24 wherein step (d) further conprises the step of varying the length
and wi dth-of the |load beam

2L JUL 2008
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25. A method for designing a load beam in accordance with claim 24 wherein

step (d) further comprises the step of varying the length and width of the load

beam.



