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- .NBOARD PADS AND ENHANCED PI VOT SLEEVE THI CKNESS FOR | I\/PRO\/EDZSBER}'UL 2[][]2
STABI LI TY BACKGROUND OF THE | NVENTI ON Techni cal Field This invention
relates in general to hard disk drives and in particular to enhanced
mechani cal features on hard disk drive actuator pivot cartridges including
contact pads that are axially inboard of the pivot bearings and a pivot

sl eeve with an enhanced wal |l thickness for inproving the servo stability of
the disk drive. Background Art Referring to Figure 1, a conventional, prior
art actuator pivot cartridge 11 for a hard disk drive has an outer, -
cylindrical housing or sleeve 13 with a bore 12 and axis 14, an inner pivot

shaft 15, and gapai bek BREVENESTHRTORNBIVOIS WithR IRBORRDPIEARS Al ative to

sl eeve and beartmgs 17 are nmounted ITn counterpores 18 at the axrat ends of

2002 2 ou ENARCED BrbBr e ARYE, B il VAR LFibsbVE, (iAo, smaddnty’
\VAVEe Raanw ) | MOCTT T1 HJ LT arru CITal

outward of the center of the balls of bearings 17. Sleeve 13 has a threaded
radi al nounting hole 23 that is centrally |ocated between its axial ends.

Sl eeve 13 also has a wall thickness 19 of approximately 2.0 nm Thickness
19 is adequately sized to EREKGROYNI UK | BHEOENVENBTGN exerted on cartridge
11. However, thickness 19 is less than twice as thick as the wall thickness
of the sleeve at counterbores 18. Wall thickness 19 al so provides anple

cl earance (about 1.0 nm between bore 12 and the outer surface of shaft 15.

The externﬁg BLekL ngElgyoss section of sleeve 13 is altered slightly at
its axial y formed, annul ar bosses or pads 21 that
extend ar ound 'tfgl%' %%”C?el Bads 3h 98 nravicded 35 Glaseld i ves

t ol eranced, high repea I"é cont'act” surftaces for cartrl ges as wll be

descr bed Below, L 16aLtn00% 011 At 8 o Fob GYLndidal, it har, 2l ong

its entire aX|a he t'ol"érances o 2] contactlng sur aces woul d be

much more g L %1% tvet %c%%%%‘%' f§/’% %jrt%%l 2ubganty lnlgy c%t% %d&”ed

W th }helr respec i've ‘beari d“count rbores F°Gr° ar t
FUITYy descirs éﬁﬁﬁﬁﬁab%%alﬂf %%r% £ S5 HAARE ;1 %f?f‘ ohtée”‘iii
has a sl eegge%%f% Wlttlﬂ %nb%ﬁﬁ}%oa%qu't%ll:%’ef%A%%j rrglp v&iﬂgﬁ the2 JUL

2002 3 a pair of bearings I'n counterbores

conventi onal W@'Et%@f&ﬁ %fl Ofq10Pr w@ptely 2.0 mm Cartrldge 11A al so
has a pair o f narrOM/pa 21A at are cated axially outward or

"out board" of bearings 17A

Background Art

Referring to Figure 1, a conventional, prior art
actuator pivot cartridge 11 for a hard disk drive has an
outer,- cylindrical housing or sleeve 13 with a bore 12 and
axis 14, an inner pivot shaft 15, and a pair of bearings 17.
Shaft 15 rotates or pivots relative to sleeve and bearings
17 are mounted in counterbores 18 at the axial ends of
sleeve 13. Counterbores 18 have a larger diameter than that

of bore 12. Note that counterbores 18 only support the
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As 'shown in Figures 2 and 3, cartridge 11 or 11A (only cartrkf ekﬁé [
-shown, for sinmplicity) nmounts in the cylindrical bore 25 of a gb Lpingznb

27. R scal | opshaped, undercut portion 29 extends axially along the inner
surface of bore 25 for providing two axial "lines" of contact 30 for
cartridge 11. Cartridge 11 is secured fromnovenent relative to conb 27
with a single screw 31 that extends thHough a radial hole in conb 27 into

t he undercut portion 29. The outer surfaces of pads 21 make contact with
lines 30 in bore 25 (Figure 4). Due to the axial end positions of pads 21
and the |imnteer wddet ho Ekbessinds ol 7sérevends, boaeti2dyje ldcheads to bow
slightly along axis 14 and distorts radially to forman ellipse (shoran
exagger at exbhd D41 Bpaseudha viider sthadtagler EveéntResbabs agibtapingadial
distortion in cartridge 11 will decrease the servo stability, decrease
servo perforsaacee aBdhancsethechdedt padiabahoursisyanceeof3benatngs 17 due
to the changes in bearing stiffness. A disk drive with poor servo stability
w | | gener@éet pnl BxCcesSabédhpetweenoiss anshabehdsy can be characterized by
nmeasuring the plant transfer function of the drive and exam ning the

rel evant dynam g]1s®des13Maties whsch REB1NBhicknds® I9WbE 2PPPofimbtehe
proper gain or frequency are the sources of the instability. For exanple,

at the "butterfuhy" mhdexhEsguie 5}, atibguheally 88zedi tbegdnévelogcillate
over the mdpoint 35 of the unit in a uniformpattern. In the S-node
(Figure 6)hatidetiapstnicddlie apdrbedit om beadsiddeosti| | HbReabout the

m dpoi nt 35 by a snmall anount, while the remaining heads 39 oscillate with
greater neghl¢kdess The HsnbdescaRabethitéeasdthutkussngha weLyo notch if it
remai ns at a consistent frequency and gain. However, if the nbode has a

| ar ge gai ntlofckpeeadofothet sisel/ocatedoahtarboeqguensy owhsldehtbrnsegvo

notch zone, the node will remain unfiltered and cause servo instability.
These npdekS askswepyosedsst aMpléoclberahttf nebsuof 1t bemart vataeenebbari cal
system conmponents, including the pivot cartridge, actuator conb, coil, head

gi nbal asskdbayd(td) ouand thetfacenvérfnaés. 1ThusThanekhprauddprechari cal
systemw th greater conponent stiffness is desirable to increase servo
stability andcpesfesaanienobft heedivekldrigealtere¥ 216gitUyLaR0QRsSummary
of the Invention 5 A hard disk drive actuator pivot cartridge has a sl eeve,
a coaxi al pxval shdbtwiahdiatpgreloly eamedgsahheilebebweens dhepbdar Rags
are |l ocated near the axial ends of the shaft. The sl eeve has a wall

t hi ckness that estsustantndl iysgréatemfehancehos@adf Pii ereaptoslidedes.
The sl eeve also has a pair of annular pads that are |located axially inward
of the bearsngdosThg talerkdgednobmpblinsegeatnbdet gahbrctortrfackst hat
only the pads contact the bore of the conb. The axial |ocation of the pads
and the gréarerantkidohsckhess vfilihbesHeesveibegnbtileant | ffdeer&adegehe
bendi ng experienced by the cartridge when it is installed in the conb, and
t hereby i ntteh3dd ahemeeithocyilabrkicylardtpsipsr paABE bLst Ratdirsk agdiade.
Brief Description of the Drawings So that the manner in which the features,
advant ages1an@tbbj &bes tof.erhaceny eft tba, castastings svriars swhicrh e
beconme apparent, are attained and can be understood in nore detail, nore
parti cul arMdeBcrPpei A fSicrrE taverntsrlbri 8rPY Sdnwiei selsibovdaddy be had
by reference to_the_enbodi ment thereof which is illustrated in the appended
drawi ngs, Whi-ehldr awiAgecs vilfha LhEAE SPSPRICS1yFebrRiréaOiSoR! PG s to be

not ed, however, that the drawings illustrate only a preferred enbodi nent of
t he i nvent FBRN&RIPPESEheBef ore not

A second prior art example is illustrated in Figure 1A
as cartridge 11A. This example is more fully described in
U.S. Patent 5,446,608. Like cartridge 11, cartridge 11A has

a sleeve 13A with a bore 12A and axis 14A, a shaft 15A, and



2 63 UL 2002 6 to be considered limting of its scope as the pnv
‘may admt to other equally effective enbodi nents. Figure 1 is%;Bsé@?nggpz

side View of a prior art actuator pivot cartridge. Figure 1A is a sectional
side view of a prior art actuator pivot cartridge having an axially

out board pad. Figure 2 is a schematic sectional top view of the prior art
cartridge of Figure 1 shown installed 3n an actuator conb. Figure 3 is a

schematic giggi¥i 8w BéakDRgBr Lon antcéantékBgeeandsnonbsasseablgaohaki gure
2. Figure 4 is an enlarged partial sectional side view of the prior art

cartridge 9f c6hguh€idnaki gyIe BhiskAeSSheRt b dpprbREmatedi/sk.drine heads
operating at their butterfly node shape. Figure 6 is a schematic draw ng of

the disk dehverhggdsioh EigyrRa8 aprghati g abribai padsedR shapearki gure 7
is a sectional side view of an actuator pivot cartridge constructed in

accor dance; ¥t Belihgxi RY )t baBwa FhOBEe 8utBodbaenbar gedrpagki ahnsect i onal
side view of the cartridge of Figure 7. Figure 9 is a plof of the plant

transfer functigy ghoRnhahdrihskedr bvenhayi ngatbeingboniapk ¢ant (bege of
Figure 1. Figure 10 is a plot of the plant transfer function of a hard disk

drive havipgrtPeqgei @1 @kt sRdlhr Fd9eshpligued) Iowhth odt bpard pads. 2 6
J UL 2002 Figure ™11 is a plot of the pFant transfer function of a hard

di sk drivechayhagithe LBPEOYEdogarhr h98a0brFlaMpe27 . Wi khsgreabgr sl eeve

wal I thickness and inboard pads. Figure 12 is a plot of the average

torsional ggghehanaRaePbuthpodiskndbbvestbfatedxin1koHN188¢9thE 9nakra
surface of bore 25 for providing two axial “lines” of
contact 30 for cartridge 11. Cartridge 11 is secured from
movement relative to comb 27 with a single screw 31 that
extends through a radial hole in comb 27 into the undercut
portion 29. The outer surfaces of pads 21 make contact with
lines 30 in bore 25 (Figure 4). Due to the axial end
positions of pads 21 and the limited wall thickness 19 of
sleeve 13, cartridge 11 tends to bow slightly along axis 14
and distorts radially to form an ellipse (shown exaggerated
for ease of understanding). Even a slight axial or radial
distortion in cartridge 11 will decrease the servo
stability, decrease servo performance, and increase the
torsional resistance of bearings 17 due to the changes in
bearing stiffness.

A disk drive with poor servo stability will generate an

excess of hard errors. Instability can be characterized by

measuring the plant transfer function of the drive and

examining the relevant dynamic modes. Modes which are not



range of attachnent screw torques to an actuator conb. Figurgzi?glﬁ a Bbzt
of.- the peak-to-peak variation of torsional resistances of th &fz

tested in Figures 9-11 over a range of attachnent screw torques to an

act uat or Conb. 2 6 J UL 2002 s Best Mbde for Carrying Qut the Invention
Referring to Figures 7 and 8, a hard disk drive actuator pivot cartridge 51
of the present invention is shown. Carridge 51 has an outer, cylindrical
housi ng orats| €lewepb3patt hainm axi Sré&guemcporee 5he aspuwimres @f vidte shaft 55,
and a pair of bearings 57. Shaft 55 rotates or pivots relative to sleeve
53, and beqtistgsibrtar e POUNEL8nD e £oatnt Eidotiast Hér Bl vyt htodi aFigues of

sl eeve 53. Sleeve 53 has a radial wall thickness 62 at counterbores 60.
Count er borgs, 66héaNeads| agger thanet tve t e 1 hate of vduorteh S Znidiso £t eREl
radially inward all the way to and substantially align with the inner races
of beari ngst S5the Bafiet52ni & ncabef pattathy | Twatlte of -ridwe cemiguirof 6§ he
balls of bearings 57. Sleeve 53 has a threaded radial nounting hole 58 that
i s centraltyel b6p} edibelyegndi bst B ahe £461S37 Sh ekl 53 hasowwotheat ur es
that readily distinguish it fromprior art sleeves in terns of both profile
and per f ormbdisein€i 85tbysh eemel b3ahasna, wathllé hileknessa Hvimg hesds 529t hat
is substantially greater than that found in the prior art (at least 2.5
m). In theserbodtaenitEhgwpatéhi Gkaessudd.is in the range of 2.5 to 2.9
mm and is preferably about 2.78 nm or about 390 thicker than a typical
cartridge sl eevehe Thigbkoessah9%ésStibterédadut Wisen@sa t ik ko asovahl if

t hi ckness 62 at counterbores 60. Thickness 59 gives sleeve 53 greater
stiffness 1o hendiast he hoadfisisRehtIfiblu@ROP &ndnpased omowavérj dge 51.
Bore 52 provides shaft 55 with an adequate cl earance of about 0.2 nmfor
rotation ttieeendde Thessacdadgenpadnesenspraad) eeveib3isslotstodt et profil e.
Sl eeve 53 has a cylindrical outer surface with a pair of narrow, annul ar
bosses or padguéidctyhatitateei nhegeaklry fiotokdzonéh sheeved&3wiPadsefdin
provi de cl osely tol eranced, highly repeatable contact surfaces for
cartridgesubtiltéredr anddgeusd dedvooinhbweipadg. 61Theébe mollesaaees of the
| ong, axial contacting surfaces would be nmuch nore difficult to control. In
an al t er natergnbedsirente padsh6lstotfifdessnpfi theaastngter| megbhanpadlthat is
| ocated axially inboard of both bearings 17. Unlike the outboard pads of
prior art spstemdgesmpopadssfbliaréudpagethaxpalby cawaritdoe, "anbovatdt of
beari ngs 57 and counterbores 60. Pads 61 extend radially fromthe outer
surface ofcshkeveobd, ahdabagemhalhesghibliyn (HER) r aageé bhedr005 to 1.0 mm
Pads 61 have a narrow axial dinmension or "width"” in the range of 0.5 to 2.0
mmto redutsteshnges .ar Bavandaensnpeokeghneohenstapr eystiew withhe

pi vot-conb interface, thereby inproving joint consistency. In the

enmbodi ment gshakAr patvosenavéidfhesghisoflegbsable. be31nArandeaseicdeh of
about 1.0 mm Cartridge 51 nounts inside an actuator conb in the sane
manner as prabiiddslyandspeirbedmpocecalt thggeisk. dHdever, as shown in
Figure 8, cartridge 51 will only contact the



cont at pads 61 (see arrow), rather than across the axi al 2 6 J UL 2002
~ends of the sleeve as in the prior art. This new design keeps9tghe r
‘attachment distortion frombeing transferred directly into be%irﬁ$@$5gunzhe
| ocation of pads 61 and greater wall thickness 59 significantly decrease

t he bowi ng, bending, and radial distortion experienced by cartridge 51 (see
Figure 3). Thus, these two nechani cal Senhancenents significantly increase

t he servo Sfunakkidy tof aihtk MArveattirnce of the disk drive. Cartridges 11, 11A
and 51 were dynamcally tested at the disk drive |evel. One dozen disk
drives were buig tha¥d haicar td dge s diua ti@stgdiotandh dthemdemi d ta and retested
with cartridges 51. In addition, a different set of disk drives were built
and tested Midfe caf tddgdaes ThvAandHdmn rekuid thand Jetrsdethgd th
cartridges 11A having outboard pads. The disk drive design goals for the

experi menty er&,dQud dif! eagte i buiderd ey 1MRAa dd GilBNhe | T £ASEd e
butterfly node gain, decrease the butterfly node tilt, and decrease the

Smode gai n, ¢ Whid esy£AuC nghd he sdandard deydat ians s £agkat A dinal goal
was to reduce the S-node failure rate. Note that when the drives were

equi pped Wik £ 418 4 Dpas it Pad: caldd 11dasse 1WA pr2% ofrd her idaes faid ed

because they were out "of” specification for the S-nobde gain (see table

bel ow) . I ns At expes inents.pdfe dAbgandh Padadditka sl oave fiyolqi ncreased

the butterfly node frequency and gain, reduced the butterfly node tilt, and
reduced t he, S ypde; gal iy o5 s | hige andaidgl devirad | O { SREd aRb @St bel oMae 2 6
J UL 2002 a Exper.inmen t Z Pivot TypeDrive

Sanpl eBut t.gr fl yBu ¢ &F fd yBut L rd | vz iadle) ol S zedd edieneye tREGAbOre of
dBTi | t dB( mean/ st d( mean/

st ddB/ ~n( ngad/ sAidev) shey) £ rean/ 54 doevddey) Goy g d Snald 28962, 8dated. 71 /
3.5B0.16 / 0.199.09 / 3.84cartridge 11196. 1l nboard pad, 123620. 75 /25.17 /
2.620. 12 /ybh D76niSxhe 2 B Mgk $108ye7H: HOCAIddn A&k &4 s epge- (+) 57.
99 / (-(+) 3. 96/ (-(-) 0. 09/ (-(-) 2.729/ (-)66.95)0.96)0.07)1.0 2
6 J UL 2002nd#n ePFBEnted By VOhe cartridge when it is installed in
TypeDriveButterflyButterflyButterflyS- nodeDrivesSanpl eFrequency, Gai n,

dBTi | t Gai ngh &l BEaiub ) Ngh Zehk £ g nd (B $3 sreané sd shspe cf vBal st dsifla

dev) (nmean/ st ddev) | 7dBdev) dev) Qut boar d103511.88 /21.16 /0.11 /10.90

/ 208pad99. PO8fr 2bHald. Stcant radgeldAl whoar d193653. 95 /24.22 /0.09 /11. 39

/ 0$pad, 89. 302. 690. 052. 90t hi cksl eevecartri dge51Di fference-(+)192. 07(+) 2. 96
/(-)0.02 /(+)0.99 /208/(-) 0.56(-) 0. 06(-) 1. 91(-) 9. 79 Figure 9 depicts
the transfer function analysis performance of a disk drive with a prior art
cartridge gliefapbibdggtidngb¥ethéherdiingsa lowgain, tilted butterfly
node 41 (approximtely 900 Hz Tower than the desired frequency of about

3800 Hz), and aghi ghafatRe SnARAEr43n WHESE VRLUESaBhLeSYREONRL Qb8
dynam cally unstable servo system Low stiffness within bearings 17 of

cartridge ddqapdjattkherptMet icorRcipherfacpsivese bedadst qnbent heicause of
the servo instability. The stiffness variations were due to pivot sleeve

di stortiongewbihehappanshal eaiat orbeankdgahacedaybdi sh@etkensd Thembpeven
and inconsi stent contact between cartridge 11 and conb 27 is caused by side

attachment qseaew, 3hok ki gHresclhiandddycangtuofdeseuthpoihiv@Ation briefly

summarized above may be had by reference to the embodiment
thereof which is illustrated in the appended drawings, which
drawings form a part of this specification. It is to be
noted, however, that the drawings illustrate only a

preferred embodiment of the invention and is therefore not



29_of bore 25. As shown in Figure 10, even when the disk_ dri [ eloy
a cartridge 11A having out board pads, the servo 26 J UL 28@ qw-%dz
.stability and performance of the drive (see butterfly node 42 and S-node
44) is substantially unchanged over the standard cartridge 11. In contrast,
a disk drive built with cartridge 51 of the present invention has good
dynam ¢ servo stability (Figure 11).6 Cartridge 51 gives the drive a high
gain, notilt butterfly node 95 at the proper frequency, and a nearly

non- exi st dnt How g inSabda it ings dahesess modas: are ey yirsensiidvendyp t he
stiffness of the actuator conponents, the enhanced structural features of
cartridge &imitearh tatHret tesrueadyinam Tf exdrinee stradnidiientaand drive performance.
The inproved torque performance of cartridge 51 over cartridges 11 and 11A
is illustrated FigiEagUr eiss 12 ssuk ikdha Figiuie Wizwepi et e taxrtqgue appl i ed
to the side attachnent screw 31 on the horizontal axis, versus the average
t or si onal aesistangelwit tdextaairdgd dges on the vertical axis, with | ow nean
and standard devi ati on val ues being the direction of goodness. Plot 71

del i neat es t he sy memce of cartiddge dildandieshons & hati@r [dmear i ncrease
in screwtorque results in an exponential increase in its average torsional
resi st anceactAsats quissed chovel dddisadiragmedn caxiklleasautibpaedisddnce can

| ead to servo instability and poor performance. Plot 74 depicts the

per f ormance of BEigwtd bard pashivand ticgeediiforaaid tsdhpwsian ¢ hHctleasgerisr pi vot
average torque with increasing attachnment screw torque. Plot 73 depicts the
per f or mancer ofcar tidide eslf cerdurelge dHown 2iiGs tH11&00h lah haviugtdhe sane
pads 21 as a nornal cartridge 11, but with a sleeve wall thickness that is
equal to tdwatbof cartridge 51. The thick-walled cartridge 11 has only a

mar gi nal increase in average torsional resistance over the same range of
screw torques. Figate y3 jpd od FSheshmowsc tdiedd ovipie @ertflor nanocer odrtcartri dge
51. The average torsional resistance of cartridge 51 has no appreciable

i ncrease, evenriadge hendi ghrdstaseedw y ovueidevels. Figure 13 is simlar to
Figure 12 and depicts the torque applied to the side attachnent screw 31 on
t he horizontal Bkysrevéerssisan henbeaked oppeakal highesenab $bdesviewor§i onal
resi stance of the cartridges on the vertical axis. Plots 77, 78, 79, 81
represent the poiqueaperfarandge off cArguiegek. 11, outboard pad cartridge
11A, thlck _-walled cartridge 11, and cartridge 51, respectively. These
plots closely tFagkre hdsesod FhemetiQ. dGawing dge Gishadrive heads

operating at their butterfly mode shape.
Figure 6 is a schematic drawing of the disk
drive heads of Figure 5 operating at their S-mode shape.
Figure 7 is a sectional side view of an actuator pivot
cartridge constructed in accordance with the invention.
Fiéure 8 is an enlarged partial sectional side view of
the cartridge of Figure 7.
Figure 9 is a plot of the plant transfer function of a
hard disk drive having the prior art cartridge of Figure 1.
Figure 10 is a plot of the plant transfer function of a

hard disk drive having the prior art cartridge of Figure 1A

with outboard pads.



performance by maintaining a consistent |ow torsional resi stZI&aJUELgQWZESS
~of screw torque. Precise values of torque testing are shown in the
foliowing two tables which represent two different disk drive applications
for each cartridge type: Application 1 Pivot TypeSanple SizeAvg Tor queAvg
Tor quePk- Pk Tor quePk- Pk Tor queg-cm (nmean)g-cm (stdg-cm (nmean) g-cm
(stddev)dev)Prior art510.6410.2690. 0910. 268Cartri dge 11Cutboard pad~ 10~
0.574~ 0. 111~ 0. 085~ 0.0s5 26 J UL 2002 is Cartridge 11Al nboard
pad250. 5320. 12530850 101 5 d ik S1fedheciienitdde appdeguf unatiseay of a
pad120. 6630. 0670. 0930. 025and t hi cksl eeveCartridge 51Goup 2 Although there
was |itt| danghrdvidhehtive haiel gy diegdmpgiajies et vgldfef ddgutiedge 51
showed i nprovenents in standard deviation of up to 700 over the outboard
pad cartriwigd Hipgated Ugeaws adiodhimkressmemd grdoatse pestseent i onal
cartridge 11. In addition, the peak-to-peak nmean values of cartridge 51
were two to thriiguieres? biet teeptdiam feitthreravsgragd dgestiibrerl 11A. Not e t hat
t he outboard pad cartridge 11A did not show i nprovenent over the
convent i orrd s igdrandeiyec fl Lheridiad )y ydritves gesicacd-ipedd gtrasd&-d ldevieat ions of
cartridge 51 were 40 to 1300 better than the outboard pad cartridge 11A,
and ten tgadigsthtalern tiamyndret tarravhdepriesr & tarc@ratdadge Kemn second di sk
drive application was tested with these same types of cartridges. The
val ues for thi Fiasgte ake shoawPlel o tUsplnesdt- o pead watr iRipagam e
Si zeAvg Tor queAvg Tor quePk- Pk Tor quePk- Pk Tor queg-cm (nean)g-cm (stdg-cm
(mean) g- criqistidued) desd Corarerrd onfal 860 . BAK B0 W40 . B3d=d riird il guir@a boar d

padl 10~ 0.961 0.09~ 0.09 ~0.02 26 J UL 2D02 16
9-11 over a range of attachment screw torques to an actuator

comb.



cartridge 11Al nboard pad100. 310. 090. 030. Oland thicksleeveca12 e?@ ? E?
di sk drive application showed simlar inprovenents for cartr &% L- D t he
.average torque mean val ues, cartridge 51 was 320 | ower than the outboard
pad cartridge 11A, and |less than half that of cartridge 11. Cartridge 51

al so showed i nprovenents in standard devi ation of al nbst one-third that of
cartridge 11. In addition, the peak-go peak mean values of cartridge 51
were 250 better t han ei t her versi on of cartrldge 11. Once again, the

out board [Erkt 3¢ 3 S 2 pegnttorover cartridge 11 in this
category. FlnaIIy, t he peak- to- peak standard devi ations of cartridge 51
were hal f of thRsgefoing hteo atitdosrsd pathad el t rd dgerd I, slandk one- t hi rd of
those for the prior art cartridge 11. The invention has several advantages.
Act uat or poohattar tlegescoonsidgetTd of tthd her eosrii nadveant0dn ai ¢ hi ck
wal | ed sl eeve and an inboard |ocation for the support pads provides the
most si gnishean! | CEF OVEN@RNtS DML s [ asutdt, caylindigiasal These mecdani cal
enhancenents greatly inprove the servo stability, perfornmance, and
reliabilitylefvé h®3 dirbkh di Vesi d reahiLibdheysar ean nisirgd £ gshi voNi d1ea the

i nventi on has been shown or described in only sonme of its forns, it should
be apparergst cahdosepski |d£dddrinys VBV, staftV 86 lrdtfHtes ~or pivdcs m t he
art that it is not so limted, but is susceptible to various changes

W t hout depardtige ftomiderscope Oid theatr NvgntsDmre mounted in

counterbores 60 at the axial ends of sleeve 53. Sleeve 53
has a radial wall thickness 62 at counterbores 60.
Counterbores 60 have a larger diameter than that of bore 52
and extend radially inward all the way to and substantially
align with the inner races of bearings 57. Bore 52 is
located radially inward of the center of the balls of
bearings 57. Sleeve 53 has a threaded radial mounting hole
58 that is centrally located between its axial ends.

Sleeve 53 has two features that readily distinguish it
from prior art sleeves in terms of both profile and
performance. First, sleeve 53 has a wall thickness 59 at
bore 52 that is substantially greater than that found in the
prior att {at least 2.5 mm). In the embodiment shown,
thickness 59 is in the range of 2.5 to 2.9 mm, and is
preferably about 2.78 mm, or about 34% thicker than a
typical cartridge sleeve. Thickness 59 is more than twice

as thick as wall thickness 62 at counterbores 60. Thickness

59 gives sleeve 53 greater stiffness 'to handle the loads



I 11 ~t'2r~. 26 J UL 2002 18 CLAIMS: 1. An actuator piv aryr i for
a hard disk drive, conprising: a cylindrical housing havi ngczaﬁcé&ijg, ?ﬂﬁz
WO

* outer surface, a central bore that defines a first wall thickness, t

axi al ends, and an axial counterbore on each axial end that defines a
second wal |l thickness; a shaft coaxially mounted within the bore of the
housi ng; a bearing nmounted in each o9 the counterbores between the housing
and the shaft adjacent to the axial ends of the housing; and at |east one
pad i nt egrizmipgsddromdanthidde housiBareorba hraoutdes sihd e eb andl Bxtamdi ng
radially therefrom wherein said at |east one pad is |ocated axially

i nboar d ofadérpudieardhepsramce tde dount 6F BOmes , feai bt tieastheaneipad
defining a radially outernpst contact surface whereby radial nounting
forces are dir etié ysdaamns nimpsave@entThin actemteors ivotitcardutiaige of claim 1l
wherein the first wall thickness of the housing is in the range of 2.5 to
2.9 Mm 3.pddfi ket uatbeepe VO3 ltas ta | dgeiodricdal mitehenea fasaiwlit@t 4 east
one pad is a circunferential pad. 4. The actuator pivot cartridge of claim
1 wherein said af heEaséwpnenpabh hasosseadialpalisredlsittmt rmtdie range of
0.005 to 1.0 nm 26 J UL 2D0 19 5. The actuator pivot cartridge of
claiml whatteegrahey f fomtedvablth hs bkeness53 s atadeadt pyecelascliddeky as the
second wal |l thickness. 6. The actuator pivot cartridge of claim1l wherein
said at | casleomecpad hagshhp pepeadtabienstore¢in sunefacegefaf 0.5 to 2.0 nm
7. The actuator pivot cartridge of claim1 wherein the housing has a

cl earance odrtabibdfged. 21 nm DEt aeetridege cehtdad Mot enawva pdks séibf tth8. The
actuator pivot cartridge of claim1l wherein the central bore substantially
radial ly atobesamcéd ofinkEher hoeg, oixidk dearaagsng surfaces would be

much more difficult to control. In an alternate embodiment,
pads 61 could comprise a single larger pad that is located
axially inboard of both bearings 17.

Unlike the outboard pads of prior art cartridges, pads
61l are spaced axially inward or “inboard” of bearings 57 and
counterbores 60. Pads 61 extend radially from the outer
surface of sleeve 53 and have a “height” in the range of
0.005 to 1.0 mm. Pads 61 have a narrow axial dimension or
“width” in the range of 0.5 to 2.0 mm to reduce contact area
and ensure high contact pressure at the pivot-comb
interfé;e, thereby improving joint consistency. In the
embodiment shown, pads 61 have a height of about 0.023 mm
and a width of about 1.0 mm.

Cartridge 51 mounts inside an actuator comb in the same
manner as previously described for cartridge 11. However,
as shown in Figure 8, cartridge 51 will only contact the

comb at pads 61 (see arrow), rather than across the axial



9.. The actuator pivot cartridge of claim1l wherein said at le 0 p hS
a pair of pads that are both |located axially inboard of the bgﬁ hgjLaZﬂUZ

"..counterbores. 10. An actuator pivot cartridge for a hard disk drive,

conprising: a cylindrical housing having an axis, an outer surface, a
central bore that defines a first wall thickness, two axial ends, an axial
count erbore on each axial end that dgiines a second wall thickness, and a
t hreaded hol e | ocated between the counterbores and extending radially

t hrough t heneipref Ghe| S1APERNRSS1Bf LRAPRBLE| RFL f r oM hen@EnieatIBore to
the outer surface; a shaft coaxially nounted within the central bore of the
housi ng; kgeBsJtleLsooew Qntacmgm{ nél proemtren | Areachebrg t heardiereedor es
bet ween the housing and the shaft adjacent to the axial ends of the

housi ng; adpafetedy spheecdeaniugarSpadsThat bgeatrionfof meadni 6h am@é housi ng
on the outer surface, wherein each of the pads is |located axially inboard
of the beagrfagseandathetbbohknesbobssiandiicanthpt decrease ahkei lpowhay al
nmounting forces; and wherein the first wall thickness of the housing is at
| east 2.5 handing, Thedatadaebrdpsvorttant expgeienced abyn aar hedee nSkach of
t he pads has a radial dinension in the range of 0.005 to 1.0 nm 12. The
actuat or pilsee Eagvredge. of Thhai nthesehtvei hechani¢cattenainceneekness i s at
| east twice as thick as the second wall thickness. 13. The actuator pivot
cartridge siopiiigprnrdlwhénernasachhef sehecpatisbhbstanangi perdpreaseen in
the range of 0.5 to 2.0 mm 14. The actuator pivot cartridge of claim10
wher ei n t hefhéhei Agskadravel earance of about 0.2 nm between the central
bore and the shaft. 15. The actuator pivot cartridge of claim 10 wherein
the central bor€astbsdansi al) yliadpadl §lavegasdvnanicahey £asesdodtt he

bearings. 16. An actuator for a hard disk drive, conprising: 26 J UL
2002 the disk drive level. One dozen disk drives were built with

cartridges 11, tested, and then rebuilt and retested with
cartridges 51. 1In addition, a different set of disk drives
were built and tested with cartridges 51, and then rebuilt
and retested with cartridges 11A having outboard pads. The
disk drive design goals for the experiment were to increase
the butterfly mode frequency, increase the butterfly mode
gain, decrease the butterfly mode tilt, and decrease the S-
mode gain, while reducing the standard deviations for each.
A final goal was to reduce the S-mode failure rate. Note
that wﬁén the drives were equipped with the outboard pad
cartridges 11A, 20% of the drives failed because they were
out of specification for the S-mode gain (see table below).
In both experiments, the inboard pad, thick sleeve pivot
increased the butterfly mode frequency and gain, reduced the
butterfly mode tilt, and reduced the  'S-mode gain or its

standard deviation {see tables below).



21 an actuator conb having a conb bore wth a radial hole; an u r
pi vot cartridge nounted in the conb bore of the actuator conb;ggké$g$nngg
..cartridge conprises: a cylindrical housing having an axis, an outer
surface, a central bore that defines a first wall thickness, two axi al
ends, an axial counterbore on each axial end that defines a second wall

t hi ckness, and a threaded hol e | ocatjgd between the counterbores and
extending radially through the first wall thickness of the housing fromthe
central bore to the outer surfaceZXReg@mewti dserted through the radial hole
of the conb_and the threaded hole of the housing for fastening the housing
to the cofbp;a. shaft| ceaxisally [mountaed w ghi p.thecentral.bare pf stHR casn
housi ng; B bearing nount edei N gacdaquedcyt he {Courtngrabor ¢s betiween {he heaisi ng
and the shaft adjacegnt to the axiéﬁﬁwhﬁb of ﬂﬁgﬂwﬁesing'ma?mda Dai fregsfstd
spaced anpul ar pads |i ntegral Iy if or & wi th t he’*Kousi ng 8ﬁ§3'@ opit er "
surface, reretfi—each—of—the—pgds—+s—tocatret—axt+atyinboard—ofrthe

beari ngs aﬁﬁmﬁﬁémqbdnterbﬁres, anéﬂFglddaptéU7%é3t$a sH¥ radt al AYAMtI-AY
f orces. 113jﬂgﬁitea_gi_uaf or of cl3dim 11£4\ j}uhnr din the first wall thickness. of
the housi ngnbsrd peat hie range of [2. Sep0s52. 9 [nm.118.2.8kh¢ ackuat.or pf sobai med6

wher ei n eadﬁﬂﬁﬁlﬁﬁ§ pads has a |radi’dl®®di ngnsion in the range of |0.005 to
1.0 mm BTN P02 22 19| The actuatlor—of claigp16~hereihthe first
wal | thi cknessedesseat | | east twi de s phi gk |as+he secondnal I/ thi ckness/ 20
The actuator of clailm 16 whereiln edfh*of tflhe d4d4 had an’%¥7al di med&hn ih
the range of 0.5 to 2.0 mm 21. The actuator of claim 16 wherein the
housi ng has a cl earance of about 0.2 nmm between the central bore and the
shaft. 22. The actuator of claim 16 wherein the central bore substantially

radially aligns with inner races of the bearings.
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Low stiffness within bearings 17 of cartridge 11

b
%ta410
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and at the pivot-comb interfaces were found to be the cause

of the servo instability.

The stiffness variations were due

to pivot sleeve distortions which translate into bearing

raceway distortions.

between cartridge 11 and comb 27 is caused by side

attachment screw 31

29 of bore 25.

(Figures 1 and 2)

The uneven and inconsistent contact

and undercut portion

As shown in Figure 10, even when the disk drive is

rebuilt a cartridge 11A having outboard pads,

the servo
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standard cartridge 11.

In contrast, a disk drive built with cartridge 51 of
the present invention has good dynamic servo stability
(Figure 11). Cartridge 51 gives the drive a high gain, no-
tilt butterfly mode 45 at the proper frequency, and a nearly
non-existent low gain S-mode 47. As these modes are very
sensitive to the stiffness of the actuator components, the
enhanced structural features of cartridge 51 lead to better
dynamic servo stability and drive performance.

The improved torque performance of cartridge 51 over
cartridges 11 and 11A is illustrated in Figures 12 and 13.
Figure 12 depicts the torque applied to the side attachment
screw 31 on the horizontal axis, versus the average
torsional resistance of the cartridges on the vertical axis,
with low mean and standard deviation values being the
direction of goodness. Plot 71 delineates the performance
of cartridge 11 and shows that a linear increase in screw
torque results in an exponential increase in its average
torsional resistance. As discussed above, this dramatic
increase in resistance can lead to servo instability and
poor performance. Plot 74 depicts the performance of an
outboard pad cartridge 11A and shows an increase in pivot

average torque with increasing attachment screw torque.

Plot 73 depicts the performance of a modified cartridge 11
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F109%&' ()-3& 109&' ()-&s10%&' ()-$*+l +++ , B, dEnbCl "~ 11 10Y
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The thick-walled cartridge 11 has only a marginal increase
in average torsional resistance over the same range of screw
torques. Finally, plot 75 shows the torque performance of
cartridge 51. The average torsional resistance of cartridge
51 has no appreciable increase, even at the highest screw
torque levels.
Figure 13 is similar to Figure 12 and depicts the
torque applied to the side attachment screw 31 on the
horizontal axis, versus the peak-to-peak (highest to lowest)
torsional resistance of the cartridges on the vertical axis.
Plots 77, 78, 79, 81 represent the torque performance of
cartridge 11, outboard pad cartridge 11A, thick-walled
cartridge 11, and cartridge 51, respectively. These plots
closely track those of Figure 12. Cartridge 51 has the best
performance by maintaining a consistent low torsional
resistance regardless of screw torque.
Precise values of torque testing are shown in the
following two tables which represent two different disk

drive applications for each cartridge type:

Application 1

Pivot Type Sample Size Avg Torxrque Avg Torque Pk~Pk Torgque Pk-Pk Torgque
g-cm (mean) g-cn (std g-cm (mean) g-cm (std
dev) dev)

Prior art 51 0.641 0.269 0.091 0.268
Cartridge 11

Outboard pad 10 0.574 0.111 0.085 0.035
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cartridge 11A, and ten to eighteen times better than prior
art cartridge 11.

A second disk drive application was tested with these
same t}pes of cartridges. The values for this test are
shown below:

Application 2

Pivot Type Sample Size Avg Toxrque Avg Torque Pk-Pk Torgque Pk-Pk Torque
g-cm (mean) g-cm (std g~cm (mean) g-cm (std
dev) dev)

Conventional 50 0.67 0.15 0.04 0.03
cartridge 11

Outboard pad 10 0.46 0.04 0.04 0.02
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provides the most significant improvement over prior art

cartridges. These mechanical enhancements greatly improve
the servo stability, performance, and reliability of the
disk drives in which they are installed.

While the invention has been shown or described in only

some of its forms, it should be apparent to those skilled in
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2. The actuator pivot cartridge of claim 1 wherein the first wall thickness of the housing

is in the range of 2.5 to 2.9 mm.

3. The actuator pivot cartridge of claim 1 wherein said at least one pad is a

circumferential pad.

4. The actuator pivot cartridge of claim 1 wherein said at least one pad has a radial

dimension in the range of 0.005 to 1.0 mm.
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5. The actuator pivot cartridge of claim 1 wherein the first wall thickness is at least

twice as thick as the second wall thickness.

6. The actuator pivot cartridge of claim 1 wherein said at least one pad has an axial

dimension in the range of 0.5 to 2.0 mm.

7. The actuator pivot cartridge of claim 1 wherein the housing has a clearance of about

0.2 mm between the central bore and the shaft.

8. The actuator pivot cartridge of claim 1 wherein the central bore substantially radially

aligns with inner races of the bearings.

9. The actuator pivot cartridge of claim 1 wherein said at least one pad is a pair of pads

that are both located axially inboard of the bearings and counterbores.

10. An actuator pivot cartridge for a hard disk drive, comprising:

a cylindrical housing having an axis, an outer surface, a central bore that defines a
first wall thickness, two axial ends, an axial counterbore on each axial end that defines a
second wall thickness, and a threaded hole located between the counterbores and extending
radially through the first wall thickness of the housing from the central bore to the outer
surface;

a shaft coaxially mounted within the central bore of the housing;
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a bearing mounted in each of the counterbores between the housing and the shaft
adjacent to the axial ends of the housing;
a pair of spaced annular pads integrally formed with the housing on the outer surface,
wherein each of the pads is located axially inboard of the bearings and the counterbores, and is

adapted to transmit radial mounting forces; and wherein

the first wall thickness of the housing is at least 2.5 mm.

11 The actuator pivot cartridge of claim 10 wherein each of the pads has a radial

dimension in the range of 0.005 to 1.0 mm.

12. The actuator pivot cartridge of claim 10 wherein the first wall thickness is at least

twice as thick as the second wall thickness.

13. The actuator pivot cartridge of claim 10 wherein each of the pads has an axial

dimension in the range of 0.5 to 2.0 mm.

14. The actuator pivot cartridge of claim 10 wherein the housing has a clearance of about

0.2 mm between the central bore and the shaft.

15. The actuator pivot cartridge of claim 10 wherein the central bore substantially

radially aligns with inner races of the bearings.

16. An actuator for a hard disk drive, comprising:
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a cylindrical housing having an axis, an outer surface, a central bore that
defines a first wall thickness, two axial ends, an axial counterbore on each axial end
that defines a second wall thickness, and a threaded hole located between the
counterbores and extending radially through the first wall thickness of the housing
from the central bore to the outer surface;

a screw inserted through the radial hole of the comb and the threaded hole of
the housing for fastening the housing to the comb;

a shaft coaxially mounted within the central bore of the housing;

a bearing mounted in each of the counterbores between the housing and the
shaft adjacent to the axial ends of the housing; and

a pair of spaced annular pads integrally formed with the housing on the outer

surface, wherein each of the pads is located axially inboard of the bearings and the

counterbores, and is adapted to transmit radial mounting forces.

17. The actuator of claim 16 wherein the first wall thickness of the housing is in the range
0of 2.5 to 2.9 mm.
18. The actuator of claim 16 wherein each of the pads has a radial dimension in the range

of 0.005 to 1.0 mm.
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20. The actuator of claim 16 wherein each of the pads has an axial dimension in the range

of 0.5 to 2.0 mm.

21. The actuator of claim 16 wherein the housing has a clearance of about 0.2 mm

between the central bore and the shatft.

22. The actuator of claim 16 wherein the central bore substantially radially aligns with

inner races of the bearings.



