1 [Name of Docunent] Specification [Title of the Invention] Rotating D sk
Storage Device [Technical Field] [0001] The present invention relates to a
techni que for suppressing oscillation of an actuator head suspension
assenbly in a rotating disk storage device such as a magnetic disk drive or
a magneto-optic disk drive and nore particularly to a technique for
suppressing fluttering of an actuator arm caused by an air flow generated
on a surface of a rotating disk. [Background Art] [0002] A magnetic disk
drive as an exanple of a rotating disk storage device includes a magnetic
di sk, which has a magnetic layer fornmed on a surface thereof and is adapted
to rotate about a spindle shaft, an actuator head suspension assenbly
(hereinafter reflf@med Ofo DesumgnsAd" Specdfd catdéMt rol unit for controlling the
transfer of data and. the operation of the device. The AHSA includes a head
suspensi on[TaP:@@rrlﬂ%y thferdtieit e efer to as "HAS') and an actuat or
assenbly. The HSA incl udes head whi ch makes access to the magnetic di sk
for perform ng ﬁ@ttﬁt&lngolpésg‘f SHIAFSME WSS e of data, a slider to which the

h )
ead is [Technical Field]

[0001]

The present invention relates to a technique for
suppressing oscillation of an actuator head suspension
assembly in a rotating disk storage device such as a
magnetic disk drive or a magneto-optic disk drive and more
particularly to a technique for suppressing fluttering of
an actuator arm caused by an air flow generated on a
surface of a rotating disk.

[Background Art]
[0002]

A magnetic disk drive as an example of a rotating
disk storage device includes a magnetic disk, which has a
magnetic layer formed on a surface thereof and is adapted
to rotate about a spindle shaft, an actuator head
suspension assembly (hereinafter referred to as “AHSA"),
and a control unit for controlling the transfer of data and
the operation of the device. The AHSA includes a head
suspension assembly (hereinafter refer to as “HAS”) and an
actuator assembly. The HSA includes a head which makes
access to the magnetic disk for performing both or one of

read and write of data, a slider to which the head is



2 attached and which is provided with an air bearing surface (hereinafter
refer to as "ABS"), a spring structure called flexure to which the slider
is attached, and a | oad beam which supports the flexure. The actuator

assenbly includes an actuator arm whi supports the HSA, a voice coi
which constitutes a voice coil nmotor (hereinafter refer to as "VCM), a
coi |l support which holds the voice coil, and a pivot bearing housing.
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“WCM”), a coil support which holds the voice coil, and a
pivot bearing housing.
[0003]

A head/slider constituted by a head and a slider
floats by an extremely slight height on the surface of the
magnetic disk which is rotating, while being supported by
the flexure and performing a pivotal motion, and is
positioned to a predetermined track position, then is
controlled so as to perform a follow-up operation for
tracks. Servo information is recorded in each track. The
control unit calculates an error between a target position
and the present position from the servo information read by
the head and then controls the VCM so that the head floats
centrally of a track, while allowing the AHSA to perform a
correcting operation. If the head should undergo an
unexpected displacement due to, for example, oscillation or
shock while the control unit makes a positional control for

the head, a longer time than necessary may be consumed

until the head is positioned to a predetermined track, or



3 the head may access an erroneous track. [0004] Wth inprovenent in
recording density of the nagnetic disk drive, the accuracy required at the
time of positioning the head to a pregeternined track is becoming nore and
nore strict. In the magnetic disk drive, an air flow, which is created on
the surface of the magnetic disk so as to advance in the rotating direction
of tracks with high-speed rotation of the disk, is utilized for inparting
buoyancy to the slider. Wiile the head reads or wites data, the air flow
created og thg dhsk surface collides wth the ASHA and causes a change in
f1ow vel okPEyReAd RAYUREFESSCPR SEFORSPESUSEACKy devel oped in the actuator
arm whi ch baogﬁiven by the VCM If a change in flow velocity of the air
f|OMlOCCUJ m'the vicinity of the actuator arm the anplitude of the
.increases _and an o0s atiion aII%g

esul ts, - whi onhf P bPBE PR ERERE TR0 ROt GARPoR s S thERE, TPEROREC
pendi ng.  GHaY, CARESF of BRoRCCURERM RG4S L8 AUPLp ACoHE GTF Che actuator arm
(i spl acemERE LT ACORBOp 6t PR Fot FBRASE SEB PG COAel ot MEoRn 14 & -
displacen%g&eign% %EE%CEkQQCt. In the magnetic disk drive, an air
flow, which is created on the surface of the magnetic disk
so as to advance in the rotating direction of tracks with
high-speed rotation of the disk, is utilized for imparting
buoyancy to the slider. While the head reads or writes
data, the air flow created on the disk surface collides
with the ASHA and causes a change in flow velocity. A
natural oscillation is usually developed in the actuator
arm which is driven by the VCM. If a change in flow
velocity of the air flow occurs in the vicinity of the
actuator arm, the amplitude of the natural oscillation
increases and an oscillation called arm fluttering results,
which affects the positional control for the head.
[0005]
Displacement modes caused by oscillation of the
actuator arm there include bending, sway, and torsion.
Bending is a displacement of the actuator arm in a
direction perpendicular to the surface of the magnetic disk.
Sway is a displacement in the pivoting direction of the

actuator arm. Torsion is a displacement in a direction



4 rotating about a virtual center line extending in the | ongitudinal
direction of the actuator arm The |arger the nunber of revolutions of the
magneti c di sk, the higher the velocity of the air flow and the nore marked
the arm fluttering. Further, the largér the number of stacked magnetic

di sks, that is, the larger the nunber of actuator armnms, the greater the

i nfluence of the air flow exerted on the whole of the AHSA and the nore
marked the arm fluttering. [0006] As a track pitch has recently been

becom ng nore and npore narrow in quick tenpo, the necessity of preventing
arm fl ut FEFPRGMHa&PR8E 0 fe Vit toRde CORET Befsr €xXtenHRE tivrfhe it has been
proposed to increase tgg nunber of qﬁ%$etic di sks to be stacked for the

pur pose of-OPHLFEELTAd SHFEGHLPTR G iTAG a5s&atRE Affber TBE Levgrtt FBRs of the
magnetic di s for. the purpose of_ inproving the access speed. Wth these as
backgr oungYmPRE Bﬁe@f@ﬂﬂ%‘r’fl&fnsarorﬁ g M8 iSs ddesgbm% hghemdhitant

i ssue. Patent Docunents 1 and di scl os techni ques for suppressing the
di stur bané’@riﬁ‘lcléﬁ( g’i%r 1:‘?’Ieoﬁlrt c’;%‘ﬁ\‘b&”éjsst%ﬂ RS Mg %St B’ ™n act uat or
arm [0007 Fig.,l is a Persgective vi ew of a conventignal AHSA 10. The
AHSA 10 i FdMGEES IR VT HRET | nhRRotRTAGE 18he anURBRF ShppbRrEXed, a voice

coil 16, an actuyator assenbl ,
magnet%c dlgis,lp%gé is, the larger the number of actuator

arms, the greater the influence of the air flow exerted on
the whole of the AHSA and the more marked the arm
fluttering.

[0006]

As a track pitch has recently been becoming more and
more narrow in quick tempo, the necessity of preventing arm
fluttering has become stronger than before. In addition,
it has been proposed to increase the number of magnetic
disks to be stacked for the purpose of increasing capacity
or increase the number of revolutions of the magnetic disk
for the purpose of improving the access speed. With these
as background, the prevention of arm fluttering is becoming
an important issue. Patent Documents 1 and 2 disclose
techniques for suppressing the disturbance of an air flow
to suppress fluttering caused by an actuator arm.

[0007]

Fig. 1 is a perspective view of a conventional AHSA

10. The AHSA 10 includes a pivot bearing housing 11, a

coil support 14, a voice coil 16, an actuator assembly



5 conposed of actuator arnms 12a to 12d, and HSAs 18a to 18f connected to
the actuator assenbly. In the sane figure, four actuator arns 12a to 12d
are stacked. When the head accesses a magnetic disk, the disk is in a
rotating condition between adjacent aétuator arnms. One set of HSA is
connected to each of the top and bottom actuator arnms, while tw sets of
HSAs are connected to each of the other two actuator arnms 12b and 12c which
are stacked inside. Therefore, the actuator arnms 12a to 12d are each
influenced by an air flow created on the surface of a magnetic disk

opposed t kerepsed] 0§08 tEaERroRIMSe 126t &t dR%ar pald] 2PAso 182 G ¥%F med with
t hree bal ance apertures 5, which are for taking the balance of the entire
wei ght of CcoRBefHSA Eentlecedcsiaiopi veseslant.. ITheee| sampyfdgureng t he
center of gravity of the AHSA on the pivot shaft, even if a shock which

i nvol ves &Opar ackeiatoppeamentl 2ias tgi vedl Baet ke avkgdet | henskbef heatdt he
exterior, the AHSA is prevented frompivoting to mnimze the influence on
t he posit BeRERGEScuragpetigr diek, the dgskr diSi gm ehacd@tamasti c of the AHSA
is inproved by taking the weight balance. [Patent Literature 1] U. S. Patent
No. 5,446p93gitpp@t@ﬁﬁwgppeﬁgﬂgpgnglactuator arms. One set of HSA

is connected to each of the top and bottom actuator arms,
while two sets of HSAs are connected to each of the other
two actuator arms 12b and 12c which are stacked inside.
Therefore, the actuator arms 12a to 12d are each influenced
by an air flow created on the surface of a magnetic disk
opposed thereto.

[0008]

Each of the actuator arms 12a to 12d is formed with
three balance apertures 5, which are for taking the balance
of the entire weight of the AHSA centered on a pivot shaft.
That is, by setting the center of gravity of the AHSA on
the pivot shaft, even if a shock which involves a parallel
movement is given to the magnetic disks from the exterior,
the AHSA is prevented from pivoting to minimize the
influence on the positioning accuracy. Further, the
operation characteristic of the AHSA is improved by taking
the weight balance.

[Patent Literature 1]
U.S. Patent No. 5,446,612

[Patent Literature 2]



6 U S. Published Patent Application No. 2003-16473 [Disclosure of the

I nvention] [Problens to be Solved by the Invention] [0009] The actuator
arnms 12a to 12d descri bed above is of a cantilevered structure wherein they
are fixed at one ends to the pivot bed&ing housing 11. Therefore, once
there occurs armfluttering, oscillation is transferred to head/sliders
attached to the tips of the HSAs 18a to 18f. Fig. 2 is a schematic
sectional view taken on line A-A of the actuator arm 12b shown in Fig. 1.
In Fig. 2, an upper surface 61 and a |ower surface 63 are surfaces of the
act uat or arm 12N -8pp&eed ishadadiadant Hoplds cafdammer. AUB -¥e/AE 65 and an
outer side face 67 are faces which define an arm shape in the pivoting

di rect i on [BfscResageusfotheadgBifiiyionthe i nner side face 65 is closer to the
spindle shaft when the AHSA 10 is mounted. [0010] Arrow D in Fig. 2

i ndi cat es [Eroblgmsngdibee &qloiedbdy rdgndiventhiisy. Air flows W and W
created in the direction of arrow D advance as uniformflows if they are
spaced a dé00&In di stance fromthe upper surface 61 and |ower surface 63 of

the actuator arm 12b. On the other hand, air_ flows advancing close to the
upper and | ower Theupfates gl a1 d2a Ke dadustesicrmad abe [igofia h the

cantilevered structure wherein they are fixed at one ends
to the pivot bearing housing 11. Therefore, once there
occurs arm fluttering, oscillation is transferred to
head/sliders attached to the tips of the HSAs 18a to 18f.
Fig. 2 is a schematic sectional view taken on line A-A of
the actuator arm 12b shown in Fig. 1. In Fig. 2, an upper
surface 61 and a lower surface 63 are surfaces of the
actuator arm 12b opposed to magnetic disks. An inner side
face 65 and an outer side face 67 are faces which define an
arm shape in the pivoting direction of the actuator
assembly. The inner side face 65 is closer to the spindle
shaft when the AHSA 10 is mounted.

[0010]

Arrow D in Fig. 2 indicates a rotating direction of
magnetic disks. Air flows W1l and W2 created in the
direction of arrow D advance as uniform flows if they are
spaced a certain distance from the upper surface 61 and
lower surface 63 of the actuator arm 12b. On the other
hand, air flows advancing close to the upper and lower

surfaces 61, 63 of the actuator arm 12b collide with the



7 inner side face of the actuator arm 12. Further, at the portion of the
outer side face 67, there arises a change in flow velocity due to an abrupt
change in atnospheric pressure, givin% rise to a vortex flow or a turbul ent
flow [0011] In the aperture 5, the air flows beconme air flows W and W
advancing to opposite sides while involving changes in flow velocity, or at
an aperture edge 6, the air flows becone vortex flows WB and W, giving
rise to pressure differences at uncertain positions on the upper and | ower
surfaces 61, 63 of the actyator arm 12b. The turbulent. flows generated in
the apertdfees Srdec Gﬁ@e&ghﬁ A 1A A A8t &1 0BT GBREr aPEdTEE the i nner

and outer side faces .65, 67 and j ncrease the anplitude of a natural
osci | | ati BRTEIPT RE SLEUSTETash lf,aqﬁ o 'C(’}ﬁ’seg?ﬁjé}ﬁlsﬁ%? | THARGS i

[0012] Accordingly, .it is an object of the present invention to provide a
rotating %ﬁ?k’ é’g P&d@ydéi\}‘iecéocéﬁ’aﬁitbgué’ft Cg’t?b“&ees‘sﬂ R RRH Ut eri ng of an
actuator armwhich constitutes an AHSA and havi ng inproved head

control | aBFFPEYRT eIt IV IRFHES &) @ctv%t%glﬁ“é 2§ ¢ Pprovi de a
rotating disk_storage device with an actuator arm nounted thereon, the

act uat or Pﬁﬁﬂiving an armfluttering-suppressing structure which can be

fabricated easi&x.the o , ,

perture 5, the air flows become air flows W4
and W5 advancing to opposite sides while involving changes
in flow velocity, or at an aperture edge 6, the air flows
become vortex flows W3 and W6, giving rise to pressure
differences at uncertain positions on the upper and lower
surfaces 61, 63 of the actuator arm 12b. The turbulent
flows generated in the aperture 5 are coupled with the
turbulent flows generated at the inner and outer side faces
65, 67 and increase the amplitude of a natural oscillation
of the actuator arm 12b, with consequent arm fluttering.
[0012]

Accordingly, it is an object of the present invention
to provide a rotating disk storage device capable of
suppressing arm fluttering of an actuator arm which
constitutes an AHSA and having improved head
controllability. It is another object of the present
invention to provide a rotating disk storage device with an
actuator arm mounted thereon, the actuator arm having an
arm-fluttering-suppressing structure which can be

fabricated easily.



a [Means for Solving the Problens] [0013] A principle of the present
invention resides in a structure wherein the apertures which cause arm
fluttering are not fornmed in the actuator arm the resulting increase in
wei ght is conpensated for by forming a8flow unifornizing area having a
structure to dimnish a change in flow velocity which occurs at an end
portion of the actuator arm and a rigid area is fornmed centrally to ensure
rigidity. [0014] According to a first aspect of the present invention
there is provided a rotating disk storage device conprising a rotating disk
st or age w&‘ﬂﬁé}ﬂﬁ sk ot e 1dt BrabPyoke®s] base, a head accessible to the
rotating disk storage nedium and an actuator armcarrying the head thereon
and suppo[rqf@dﬂ on the base for pivoting novenent, the actuator arm
including a main surface spreading in a pivoting direction thereof, the

mai n surface hdvig e IRy QhiditrlDyeeH: rid VSNt cheif hée?i §Ndaarea and a
flow uniform zing area adjacent to the rigid area and thinner than the
rigid ar et TYHEIFS o e TP of e A PR B ERS bel Hg f ervee fEMafluk§rrdasnal |y
extendi ng, substantially flat shape. [0015] The main surface of the actuator
arm spr eaRee i BPE Weorprd ot ngheli 2@ BRAT avai stlypprsedltdnghaneseaseng di sk

in weight is compensated for by forming a flow uniformizing
area having a structure to diminish a change in flow
velocity which occurs at an end portion of the actuator arm,
and a rigid area is formed centrally to ensure rigidity.
[0014]

According to a first aspect of the present invention
there is provided a rotating disk storage device comprising
a rotating disk storage medium supported rotatably on a
base, a head accessible to the rotating disk storage medium,
and an actuator arm carrying the head thereon and supported
on the base for pivoting movement, the actuator arm
including a main surface spreading in a pivoting direction
thereof, the main surface having a longitudinally centrally
extending rigid area and a flow uniformizing area adjacent
to the rigid area and thinner than the rigid area, the flow
uniformizing area being formed in a longitudinally
extending, substantially flat shape.

[0015]
The main surface of the actuator arm spreads in the

pivoting direction and is opposed to the rotating disk



9 storage nedium and an air flow created by rotation of a magnetic disk
advances on the nmain surface. On the main surface, however, the rigid area
extends longitudinally centrally of the actuator arm providing a

wel | -bal anced rigid structure. FurtheP, the flow uniform zing area extends
longitudinally in adjacency to the rigid area, so that it is possible to
dimnish a change in flow velocity which is caused by collision of the air
flowwith a side face of the actuator arm Since the flow uniform zing area
is thinner than the rigid area, it also plays the role of reducing the

wei ght of SERE2ERt F‘?@léﬁ‘t' uaher a&r ﬁllr“l'lfrﬁé’w creatre &t datdti@madseéd in the
present invention, is not necessary to forn1a bal ance aperture to take a
wei ght bBRIREEIGT f—ﬁE BAVPRECEC PRl BF BS48nBIFLac60162n FERRI BEilhe flow

uni form zing area on both sides of the rigid area_is conveni ent because

bot h wei gRBTaRES r PEHEVEY ot hen&igdduarsr &xreads Wemadifaidmaddy n a
torsional direction. If the rigid area and the flow wuniform zing area are
formed onCERER2bLYaofi FEE RELHALSH PARe RAOVAJd®SoRd WedilTRAHINESS both main
surfaces will exhibit an armfluttering suppressing effect in the case

wher e t heTa8tHafbFUSFRTRs df $ploeer b@?%\@@PWW%?%E‘RéEImQOFEF?ng di sk
storage nedia. If _the flow uniformzing area forned on the first main
surface afdtERESt LEROGANASPALLIYngD adjacency to the rigid area, so

that it is possible to diminish a change in flow velocity
which is caused by collision of the air flow with a side
face of the actuator arm. Since the flow uniformizing area
is thinner than the rigid area, it also plays the role of
reducing the weight of the entire actuator arm. Thus, in
the actuator arm used in the present invention, it is not
necessary to form a balance aperture to take a weight
balance of the entire actuator assembly.

[0016]

Forming the flow uniformizing area on both sides of
the rigid area is convenient because both weight and
rigidity of the actuator arm are well-balanced in a
torsional direction. If the rigid area and the flow
uniformizing area are formed on each of a first main
surface and a second main surface, both main surfaces will
exhibit an arm fluttering suppressing effect in the case
where the actuator arm is disposed between two stacked
rotating disk storage media. If the flow uniformizing area

formed on the first main surface and the flow uniformizing



10 area forned on the second main surface are nmade approximtely parall el
to each other, it is possible to facilitate machining in conparison with
the case where a flow uniform zing area is inclined or is formed as flat
surfaces including plural thicknesses.1@n this connection, when the rigid
area includes a substantially flat surface, if the thickness of the flow
uniformzing area is set in the range of 30%to 70% of the thickness of the
rigid area, there accrues a conveni ence in both machining and the bal ance
bet ween bot h areas. 0017L In the case where with only the formation of the
f1 ow unlﬁé?ﬁ1§Pﬁ§e§r8§ Fhei serrpds BrBre stg fagRe axep @@ er mi ned  wei ght

bal ance, it is preferable to_forman aperture between the rigid area and a
pr oxi mal BBPFPmaBFe%MePaééﬂégﬂoFoaﬁﬁF TREDSFox kel SpBASTP 16T &he act uat or
armis mnde in the pivoting direction and high in rigidity because of its
proximty 961&15P98tmﬁéaﬁpﬁﬁghéﬁsFﬁ@Pa§éS@@eW1ﬁP the case thers £ for ned,
there will be little influence on arm fluttering. If the flom/unlforn12|ng
area is a§PQWeHP1€8rm%ﬁén9|@F&aaﬂ§al§Féﬁ@e§n°5ré@a@@qmﬁﬂuﬁﬁqﬁ &then when the
actuator arm.noves to_an outer periphery of a track especially high in flow
vel oci ty, SPREAGPF fREWEAPENREYT 3| Shg tRESEELEuat BN sHAbe, CRANERELS mor e

effective in suppressing the armfluttering. The arcuate shape as
when the rigid area includes a substantially flat surface,

if the thickness of the flow uniformizing area is set in
the range of 30% to 70% of the thickness of the rigid area,
there accrues a convenience in both machining and the
balance between both areas.

[0017]

In the case where with only the formation of the flow
uniformizing area it is impossible to take a predetermined
weight balance, it is preferable to form an aperture
between the rigid area and a proximal portion of the
actuator arm. The proximal portion of the actuator arm is
wide in the pivoting direction and high in rigidity because
of its proximity to a pivot bearing housing, so even if the
aperture is formed, there will be little influence on arm
fluttering. If the flow uniformizing area is adjacent to
the rigid area along an arcuate boundary, then when the
actuator arm moves to an outer periphery of a track
especially high in flow velocity, the air flow advances
along the arcuate shape, which is more effective in

suppressing the arm fluttering. The arcuate shape as



11 the boundary shape permts a |arger anmount of a thick portion to remain
on the proximal side of the actuator arm and is thus convenient for
enhancing rigidity. If a slant surface is fornmed at the boundary between
the flow wuniform zing area and the ribﬁd area, the air flowcan flow from
the flow uniformzing area to the rigid area wi thout undergoing any
significant change in flow velocity. [0018] According to a second aspect of
the present invention there is provided a rotating disk storage device

i Si k d bl b :
head accellropRSpRerResPaPs: PREFAT K s é%%é%“ R %°ta% tuator arm
carrying the, head thereon and orted ti ng novenent,

t he actuaP8Fté?ﬂ1t ntFligRg“a %& p§8fﬁ§8 Eﬁ §a8|ngﬁ S5 g i r ecti on
th f f h I t udi nal |, tral d
area and 21 G5 CREPoP RRIFRG B o5 CRIRARERE B0 P RS t¥ea &Eh ner -

fﬁﬁgiiﬂﬁi%Q?F%cgre%eﬁé?ﬁad Ebsﬁ SIS 1 e ER 5 e éﬂﬁdtLE act uat or
oL, OISR RS AL S L T DL 5 st
of the 12from the flow uniformizing area to the rigid area without
undergoing any significant change in flow velocity.
[0018]
According to a second aspect of the present invention
there is provided a rotating disk storage device comprising
a rotating disk storage medium supported rotatably on a
base, a head accessible to the rotating disk storage medium,
and an actuator arm carrying the head thereon and supported
on the base for pivoting movement, the actuator arm
including a main surface spreading in a pivoting direction
thereof, the main surface having a longitudinally centrally
extending rigid area and a flow uniformizing area adjacent
to the rigid area and thinner than the rigid area, the flow
uniformizing area being formed in a longitudinally
extending, substantially flat shape, wherein the actuator
arm is formed by cutting an actuator stock formed by die
casting, extrusion, or drawing.

[0019]

The rigid area and the flow uniformizing area of the



actuator armaccording to the present invention are of a structure suitable
for formng the actuator armby cutting an actuator stock with a mlling
cutter, the actuator stock being fornqed by die casting for exanple. By
selecting a netal as the actuator stock and cutting the netal with a
mlling cutter, it is possible to forman actuator armunit integrally. By
goi ng through the steps of first cutting the flow uniformzing area with a
mlling cutter and then cutting out an actuator arm sinultaneously wth

subsequenicr dordR AR SLclbEiRbOLY BhEdpribeh PRSShELEN! 8rbai htate the

manuf acturi ng process. Conveniently, a cutting trace wth the mlling

cutter SesivBs-@eréNs@ cM8ie PQPn?@fﬂﬂlngeﬁ%@egcﬁﬁét&:ghgmaB?acﬁE@1hBe flow
uni form zing area and al so serves as slant surface forned at thé

boundary. an Rkt Bigtori ftbbe RIER Qfmibflﬁ O&hHBéiorﬂhé'99t35€%r'§t6%k at a
value in the range of 10%to 70% of a tofal area of the area of the flow

uni form Zbé‘ﬂng"“?é‘rrﬁé@ 19’4{”‘ @feacQEkt1hg rbiobda@bea. iHy IsoRAssify & to display
an effect. in the range of 30%to 70%of the said total area,

there Canm@@aﬁtés?“ﬂ%' Acehabetuseoski hAl! suteingedyei parhhewivai ght of the
actuator armand for ensuring the rigidity thereof. [Effect of the

I nventiongi1{PR20tufeerr di pOi E0pbBEi BIESER rhpMeRhi QBthAeEe GoH dnBe 13

integrally. By going through the steps of first cutting
the flow uniformizing area with a milling cutter and then
cutting out an actuator arm simultaneously with subsequent
formation of the rigid area, it is possible to facilitate
the manufacturing process. Conveniently, a cutting trace
with the milling cutter serves as an arcuate boundary
between the rigid area and the flow uniformizing area and
also serves as a slant surface formed at the boundary.
Further, if the area of the flow uniformizing area is set
at a value in the range of 10% to 70% of a total area of
the area of the flow uniformizing area and an area of the
rigid area, it is possible to display an effect. If it is
set in the range of 30% to 70% of the said total area,
there can be attained a structure suitable for reducing the
weight of the actuator arm and for ensuring the rigidity
thereof.

[Effect of the Invention]

[0020]

According to the present invention there could be



provided a rotating disk storage device capable of suppressing arm
fluttering of an actuator armas a constituent of an AHSA and havi ng

i nproved head controllability. Further, according to the present invention
there could be provided a rotating diijjstorage device with an actuator arm
nmount ed thereon, the actuator armhaving an armfluttering suppressing
structure capable of being fabricated easily. [Best Mde for Carrying Qut
the Invention] [0021] [Expl anation of Magnetic Disk Drive] A magnetic disk
drive accordin éo an _enbod nt of the present inve on WI |1 be descri bed
her i nundBFOYFERA Pefer eheBot lﬁhesaeeaﬁﬁaﬁmgedf:aﬁa% 3% the fol I owi ng

description_and the draw onents are |dent| fied by the

same ref eFEBEEeﬁﬁﬁﬁgaf"§m Egb‘?:t§ril§9angl F'éf\‘l@l""§f?&vvlarlfﬁ1 &5%éhemati ¢
t t X ti i 20 enbod t ti
T the mmgrBerec PR URE 08 B53A.APEn SRR ngn JBkere Jead T orati ng di ok

st or age deV| on a base 24 of a disk

encl osur eS°R e%éﬁ%ﬁ?&?‘gl s%[%t%m Sc%é‘?%{%r%%i%?m? eO?r%S?%F ating disk
oo age Medun o8 BavLied o pelh.Slds nl horesord i jelanes cach
a hub as %e%gggtagggngnogc%uator arm mounted thereon, the actuator
arm having an arm fluttering suppressing structure capable
of being fabricated easily.
[Best Mode for Carrying Out the Invention]
[0021]
[Explanation of Magnetic Disk Drivel
A magnetic disk drive according to an embodiment of
the present invention will be described hereinunder with
reference to the accompanying drawings. In the following
description and the drawings, the same components are
identified by the same reference numerals.
Fig. 3 is a plan view showing a schematic
construction of a magnetic disk drive 20 embodying the
present invention. In the magnetic disk drive 20, which is
an example of a rotating disk storage device, various
components are mounted on a base 24 of a disk enclosure. A
magnetic disk 22, which is an example of a rotating disk
storage medium, is provided on both sides with recording

surfaces each having a magnetic layer formed thereon. The

magnetic disk 22 is secured to a hub as a constituent of a



spindle notor (hereinafter refer to as "SPM') disposed at a |ower position
and is adapted to rotate about a spindle shaft 26. In this enbodi nent five
magneti c disks 22 are stacked in parq%%el, but in the present invention the
nunber, of magnetic disks is not limt to five. CGenerally, the larger the
nunber of stacked magnetic disks, the greater the armfluttering, and
therefore the present invention is nore advantageous for a magnetic disk
drive having the |arger nunber of disks. [0022] The magnetic di sk drive 20

d | oad/ unl prayided with in t.he vicjni f

out o1 " perPbliety %%‘%ﬁi*ﬁ%%%"éﬁ%@%éﬁ%‘@? b oL A daSHEEE Cotad st ar

t inafter refer to."CSS: tem An__AHSA 100 includ HSA 102,

nhot uat oPVEFrPIBRC nC ol T8 aBESR0Re ACHAGRL Shek fy GG 116, and a

vVoi ce coi Ish?%g8%§2iecjgj4it}ihseledl?ggél%iweentco'ia\bsurggq?ﬁ%%%%Gﬁg]g%dﬁI% 100 is

nmounted to 0 as € pivo el “Yirections

through acPLULasHAT badd010d 8.0 YOl cpgaphLidae. (Tue Rotyater, arm 104, the

coi | suppor € pi'vot "béari'ng housSin ser as a pivot
SR {09 B LR R o S SR ELAY Y IR " 0025) e
flexure 1%ﬁeaig%%g%dthg Eﬂ%b%%agflgtacked magnetic disks, the
greater the arm fluttering, and therefore the present
invention is more advantageous for a magnetic disk drive
having the larger number of disks.
[0022]
The magnetic disk drive 20 adopts a load/unload
system provided with a ramp 30 in the vicinity of an outer
periphery of the magnetic disk 22, but it may adopt a
contact start stop (hereinafter refer to “CSS”) system. An
AHSA 100 includes an HSA 102, an actuator arm 104, a coil
support 106, a pivot bearing housing 116, and a voice coil
108 which is held by the coil support 106. The AHSA 100 is
mounted to the base 24 so as to be pivotable in both Al and
Bl directions through a pivot shaft 110 and a pivot
cartridge. The actuator arm 104, the coil support 106, and
the pivot bearing housing 116 serving as a pivot cartridge
mounting portion, are formed integrally by molding.
[0023]

The HSA 102 comprises a load beam 112 attached to the

actuator arm 104 and a flexure 114 attached to the load



beam A margin lip 28 or a tab is attached to a tip or distal end of the

| oad beam 112. A head/slider (not shown) s attached to the flexure 114.
The head/slider is conposed of a hea nd a slider to which the head is
attached. The head is conposed of a read head for reading data and a wite
head for witing data, and it may be of a type that is used in common for
both witing and reading. [0024] The present invention is also applicable
to a nmagnetic disk drive provided with only a wite head or a read head

and used BXERUSIVEIASG W Ud%0ra NERIING 0 [EIPEFILYCL Ve NG 81 T der has

an ABS on 1ts side oppose e nmaghetic under goes

buoyancy higehanend bef LAY S6EA1 BAaRN109 ANALE Of 1408 TRIDCLAS, M) Sk 22

during rotation t I sk. Under the action eads sl i der

can 11 ool 8°8¥EaEhBa SEOLALg S 800 10 e L) 2R3 g ke

t her ebet ween r 1s attache exure 1n such a nmanner

that the 8BRob3eqoBROgeflebd LAR 56%%9%99@%&@@&% B pgnet!c di sk 22.

The | oad _produces a pressure (pus _ irection in

ot on {egRERiL. ond . AUPSSEC AR, Jhe. (EEONALIG, B pERatfa e

undergoesygtg 03hagcqd; tEOndghl B8 auki28hENa.08! 9tk (Q0%RL 18 of a
type that is used in common for both writing and reading.
[0024]

The present invention is also applicable to a

magnetic disk drive provided with only a write head or a
read head and used exclusively for writing or reading,
respectively. The slider has an ABS on its side opposed to
the magnetic disk 22 which ABS undergoes buoyancy from an
air flow created on the surface of the magnetic disk 22
during rotation of the disk. Under the action of the ABS
the head/slider can float above the recording surface with
a small spacing kept therebetween. The head/slider is
attached to the flexure in such a manner that the ABS is
opposed to the recording surface of the magnetic disk 22.
The load beam 112 produces a pressure (pushing load) in a
direction in which the head/slider is pressed against the
recording surface of the magnetic disk 22. The pressing
load and the buoyancy which the ABS undergoes are balanced
to define a floating height.

[0025]



The coil support 106 which holds the voice coil 108 is provided at a rear
end of the AHSA 100. An upper voice coil yoke 32 is supported by the base
24 so as to cover the coil support 106 from above. Further, a |ower yoke
(not shown) is provided on the base 2£ in opposition to the voice coi
yoke 32. Thus, the upper and the |ower yoke constitute a pair of yokes. A
voi ce coil nagnet (not shown) is attached to the | ower yoke and a yoke gap
is forned between the | ower and the upper yoke. The voice coil magnet may

yokes and t he VERECSTbt| SHBBREE TRbneRre0r EoLa8oFhe’ BorEentaet 05 reuit,
VoM The 961 REOKERFAI0N Ror APEpBOBOR TRPNSNad Gt G FYBFEE TOtHe yoke gap
ol | owed 18T EOUFR: 2RtV BLBEOEGER, BininEng=ars 84t Pon gnd megHEPudEr ¢ he

or D1 di r 6L F ofCBPCR cORPr 6 PBG=EpYEa. Gt Col oy MR T L0 A outer

crash stop, 34 and_an i nner crasp st gp 36,,036N conLal ni g an glasti c
voice coil yoke 32. Thus, the upper and the lower yoke
constitute a pair of yokes. A voice coil magnet (not
shown) is attached to the lower yoke and a yoke gap is
formed between the lower and the upper yoke. The voice
coil magnet may be attached to one or both of the upper and
lower yokes.

[0026]

The pair of yokes and the voice coil magnet
constitute a voice coil magnetic circuit, and the voice
coil magnetic circuit and the voice coil 108 constitute a
VCM. The voice coil 108 is disposed within a magnetic
field of the yoke gap formed by the yokes and the voice
coil magnet. An electric current is allowed to flow in the
voice coil, and the direction and magnitude of the electric
current are controlled, whereby the AHSA 100 can be pivoted
in Al or Bl direction at a controlled speed and
acceleration.

[0027]
An outer crash stop 34 and an inner crash stop 36

each containing an elastic material such as rubber are



provi ded bel ow the voice coil yoke 32 so as to be erected fromthe base 24
or the | ower yoke. The outer crash stop 34 and the inner crash stop 36
function as limting nenbers for I|n1L}ng a maxi mum pivoting range of the
ARSA 100. The outer crash stop 34 liMits the direction (Al direction) in
whi ch the head/slider pivots outside the magnetic disk 22, while the inner
crash stop 36 limts the direction (B1L direction) in mhich the head/ sl i der
pi vots toward the spindle shaft 26. The ranp 30 is forned by a conbination

of a fl atp?&&{ﬁ&& BOYof Ehé‘”%-o%t’%f age1 ! ?o?gcﬂglg 43ck e%%t ae*&l e@arg' nlip

28 slides € surfaces ermtting rac hea bef ore

Lhe DuoYapeynOlnd e85, V3D, shes awegrgggg P\ AL ofadlesmgnet i c di sk

22. [002 anatioh o ni't ] 41s a pers tive view

of an aCté‘&“Qﬁda\Eﬂ%“E}qﬁeﬂ@Qa\éﬂ EEoﬁogét E&HE@%OE’lthAFl%ﬁu]:q_% ?rﬁo'e*%%d above

in connection w IS a sectional ViIew en on line

B-B in F'90r41%agglﬁ§taa&ggﬁgpﬁbg§yét1a§dr%ﬁ§gugﬁstﬁ%t%%% ffggﬁs 4a to

104f, the pivo ear coi | "suppor & si x

act uat or td t%Qéth 8¢ g454ai?m f o2 Ut %ﬁ%k}é&i% 3%?6‘&1%%%‘&3 oyt fjyct ure

COﬂtIgUOUS € plvot eari ng ou5|ng cartridge’is inserted

nggta1g5%§;gﬁpggguasaa?élﬁaertB@bokQeoébéédéogh%a&aghﬁ%&ca%a%k blje pi vot

while the inner crash stop 36 limits the direction (Bl
direction) in which the head/slider pivots toward the
spindle shaft 26. The ramp 30 is formed by a combination
of a flat surface and a slant surface in such a manner that
the margin lip 28 slides on the surfaces, permitting
retraction of the head/slider, before the buoyancy of the
ABS vanishes upon stop of rotation of the magnetic disk 22.
[0028]
[Explanation of Actuator Arm Unit]

Fig. 4 is a perspective view of an actuator arm unit
120 which constitutes the AHSA 100 described above in
connection with Fig. 3, and Fig. 5 is a sectional view
taken on line B-B in Fig. 4. The actuator arm unit 120
includes actuator arms 104a to 104f, the pivot bearing
housing 116, and the coil support 106. The six actuator
arms 104a to 104f are of a mutually separated stack
structure contiguous to the pivot bearing housing 116. A
pivot cartridge is inserted into a pivot aperture 124 so

that the AHSA 100 can pivot about the pivot shaft 110 with



the driving force of the VCM [0029] Since the five stacked magnetic di sks
22a to 22e have ten recording surfaces in total, ten sets of HSAs 102 are
provided for the actuator arns 104a tqglO4f so as to be associated with the
respective recording surfaces. When the head accesses the recording surface
of the magnetic disk 22, the five magnetic disks 22a to 22e are each
present between the associated actuator arns 104a to 104f. One set of HSA
102 is attached to each of the top and bottom actuator arnms 104a, 104f and

two sets Qﬁeh§ﬁ§vgﬁ§ f@ttachedc o eagh of the other four actuator arms 104b
to 104e which are Tocated inside the top and bottom actuator arnms. On the

tip or digt@opnd side of the actuator arns 104a to 104f there are forned
swagi ng apertures 122 for connection of the HSAS 102 by swagi ng. [0030]

Each actuator agipdd4 Rast e UPPLEKSHThAGEeRIE &iskOVBHaSHES 868 AgvERI N
surfaces spreading in the pivoting direction of the actuator arm A rigid

area 200 gad téo¥rainyfonpEzéag aneastg90arands<PQboar Ashar ARd grecach of
the wupper and | ower Surfaces. The main surfaces may be defined as surfaces

of the achpalPhedr MOA0AHOPROERALLS 8rABINEBLLCLodlBs LR LI gdparea 202 is
an area in which the thickness between the upper and | ower surfaces of the
actuat or 358b£8a88d with the respective recording surfaces. When

the head accesses the recording surface of the magnetic

disk 22, the five magnetic disks 22a to 22e are each

present between the associated actuator arms 104a to 104f.

One set of HSA 102 is attached to each of the top and

bottom actuator arms 104a, 104f and two sets of HSAs are

attached to each of the other four actuator arms 104b to

104e which are located inside the top and bottom actuator

arms. On the tip or distal end side of the actuator arms

104a to 104f there are formed swaging apertures 122 for

connection of the HSAs 102 by swaging.

[0030]

Each actuator arm 104 has an upper surface and a

lower surface as main surfaces spreading in the pivoting

direction of the actuator arm. A rigid area 200 and flow-

uniformizing areas 200a and 200b are formed on each of the

upper and lower surfaces. The main surfaces may be defined

as surfaces of the actuator arm 104 opposed to a magnetic

disk. The rigid area 202 is an area in which the thickness

between the upper and lower surfaces of the actuator arm is



large, and is fornmed in such a manner that the center thereof is aligned
with a virtual center line connecting the center of the pivot aperture 124
with the center of each swaging apertuwe 122. The rigid area 202 nmainly
plays the role of retaining the rigidity of the actuator arm 104. However,
arigid area wherein the center line of the rigid area and the virtual
center line are not in alignnent wwth each other is also included in the
scope of the present invention. The flow uniform zing areas 200a and 200b

are areasaiBeWhfl §Berbbielngss shehwgerahRerUppSh 2hd |QiRler Surfaces of
the actuatorarmis snaller than that of the rigid area 202, and mainly

play the rpbe-QF &gda@&gafehh%itwggk}tir%atlh%eﬁ%%altl%eard&&%ﬂ

di m ni shing a change in I ow velocity of an air flow. A portion™on the side

of the syagdi pgnAREr LEr end24i308¢ apReELren192 (Ashsite Qeddis Rjsvol _
aperture 124 in the actuator armare here refer to as the tip end portion

and the basenenfagentl aertesReathyelthe HPA laddalfhs REDRLYTBNLyst he

fl owuni form zing~areas 200a and 200b are rmed on both sides of"the rigid

area 202 tfe 2o3¥MBRLELEaIRIRG WhEh igIReEY b2 RnORGicdidiala centerr, |ine.
However, an actuator armin ich flowuniformzing areas are forned

asymret ri galbye@n Bothg3iidasedf whdeelindiktle 2L8ReaNd idfe %ﬁ§Qﬁ$é”t%?ﬂai n which
a flowuniformzing aréa is forned on only one side of the rigid area, are
also 20 zrea and the virtual center line are not in alignment with

each other is also included in the scope of the present

invention. The flow-uniformizing areas 200a and 200b are

areas in which the thickness between the upper and lower

surfaces of the actuator arm is smaller than that of the

rigid area 202, and mainly play the role of reducing the

weight of the actuator arm 104 and diminishing a change in

flow velocity of an air flow. A portion on the side of the

swaging aperture 122 and a portion on the side of the pivot

aperture 124 in the actuator arm are here refer to as the

tip end portion and the base end portion, respectively.

[0031]

In this embodiment, the flow-uniformizing areas 200a

and 200b are formed on both sides of the rigid area 202 in

a symmetric shape with respect to a longitudinal center

line. However, an actuator arm in which flow-uniformizing

areas are formed asymmetrically on both sides of the rigid

area and an actuator arm in which a flow-uniformizing area

is formed on only one side of the rigid area, are also



included in the scope of the present invention. The flow uniform zing areas
200a and 200b are adjacent to the rigid areas 202 at respective boundaries
204a and 204b and are formed so as to ,extend longitudinally up to the side
ends 206a and 206b of the actuator ar The boundaries 204a and 204b are
provided with respective slant surfaces 210a and 210b (see Fig. 6) . The
rigid area 202 is defined as an increased thickness |lying between a virtual
line 208 joining the respective nost proximal positions of the boundaries

204a and 304b, kwogn, phe Ll gu ual {aLmglng,  ancas and Lherplotdogrea and a

virtual |ine ] 0 ning r espec € oS i'stal positions t he

boundarieﬁn%@é%mggggggg%?ﬁglapggea &S0 e%%e?skh%&ﬁﬁﬂJnggq%é%?ﬁ ana IS

provi ded on~one Si rigid areda, therigidarea is as an

ded Sfi“sffe" | ; the it det et as an
i oot on RSP GR2. ahi FoPRETLY are D I GePRane B e T chi o

formed  opctheainaguttage b IS LUAaLIAUNA0L SR I Shfle, ends of

t he actuator armin adjacenc rigl 1T 1S tHi%her than

the rigid Rega, h003eh Le this engadigent., bakance, apsLivLes g ook f or med

in the flowuniformzing area thé rigid area b InStead the
I;E‘é" :/ng: fg%[o ' ;i g%cg&g;%igi%(& W cho el e AALANEN ARAL SIS Jd D1 A A 68, £02 O
210b (see Fig. 6). The rigid area 202 is defined as an
increased thickness lying between a virtual line 208
joining the respective most proximal positions of the
boundaries 204a and 204b between the flow-uniformizing
areas and the rigid area and a virtual line 209 joining the
respective most distal positions of the boundaries 204a and
204b. In the case where a flow-uniformizing area is
provided on one side of the rigid area, the rigid area is
defined as an area which is adjacent to the flow-
uniformizing area in the longitudinal direction. A flow-
uniformizing area 200 is defined as an area which is formed
on the main surface of the actuator arm 104 up to the side
ends of the actuator arm in adjacency to the rigid area and
which is thinner than the rigid area.
[0032]
In this embodiment, balance apertures are not formed
in the flow-uniformizing area 200 and the rigid area 202,
but instead the flow uniformizing area 200 is formed

thinner than the rigid area 202 to take weight balance of



the entire AHSA. It is effective to set the area of the flow uniform zing
areas 200a and 200b at a value of 10%to 70%of the total area of both area
of the flow uniform zing areas 200a, Ob and area of the rigid area 202. A
preferred value of the area in questionh is 30%to 70% which is suitable
for reducing the weight of the actuator arm 104 and ensuring the rigidity
thereof. In this enbodinent, the rigid area 202 and the flow uniform zing
areas 200a, 200b are substantially flat surfaces, and those forned on the

upper sur {gge gl siepaebuat ar AL ARdEhose o onkhenlover . suef age are

paral l el t0 eac er in order acrlitat e nmachi ni hg. e u%stantially

fllat surf 358, IEASc. AL LAk, SULEACS ol Shd"Ss e SOuEWIl, deveg n Ler o of

machi ni ng. I'cknes I"'ow “uniformzing area 200 in the

range of 0% Lo Z0% olcLhe bl eknegs 0L e il 0l 6, 202 4 partigul arly

effective in takin ance and suppressing uttering. In

t he preseg&eggvgebggnQObggg.Iog&ggLE&rgﬁeiQgﬁggg%ﬁégggcgﬁy Aherefore be

formed so as to be i'ncline romthe si e rigid area 202.
aﬁeg%XCQF'

o “croat STEXGFFPG JACHS HindrsnEAhear, oS M Ter Than
ght insofar-as 1ts thickness is ‘smaller than
the rigidw@ﬁ%ﬁ'igog%§kakﬂetE%ICQ%QU%Q%beEMéJ%éngEtégagﬁgrggédgkég the 22
arm 104 and ensuring the rigidity thereof. In this
embodiment, the rigid area 202 and the flow-uniformizing
areas 200a, 200b are substantially flat surfaces, and those
formed on the upper surface of the actuator arm and those
on the lower surface are parallel to each other in order to
facilitate machining. The substantially flat surface means
a flat surface which may be somewhat uneven in terms of
machining. Selecting the thickness of the flow-
uniformizing area 200 in the range of 30% to 70% of the
thickness of the rigid area 202 is particularly effective
in taking weight balance and suppressing the arm fluttering.
In the present invention, the flow-uniformizing area 200
may therefore be formed so as to be inclined from the side
ends 206 to the rigid area 202. Alternatively, the flow-
uniformizing area may be changed in thickness so as to
create a difference in height insofar as its thickness is
smaller than the rigid area.
[0033]

In the case where with only the formation of the



thin flow uniform zing areas 200a and 200b it is inpossible to take weight
bal ance of the actuator armunit 120 or the AHSA 100, there may be forned a
suppl ementary bal ance aperture 118. The bal ance aperture 118 pierces
through the actuator armfromthe upper to the |l ower surface on the

| ongitudinal center line and is located at a portion on the proximal side
with respect to the rigid area 202 which is defined by the virtual |ine
208. The proximal portion of the actuator armis a w de portion contiguous

to the pivain besyiifikeysingndlarand boohi dhai Bobbyildi by iTheyefige even
if the bal ance aperture 118 is forned therein, there is little influence on

arm fl uttepi pgrangeagnadyantage be twel dbtulabanaenCan iRCanye o Hugver, the
present invention includes a configuration in which the flow uniform zing

areas 200augnd; 8R0braLeceRPNgRd rthowahdat BE En@&gﬁﬁbryp%%hgg%epr_the shape
t hereof is changed to enlarge the reduced F i ckness, “thereby elimnating

the bal anggeppgituigs. [HB34aldnddeadd oAl {od hzd Ao &1 €RSoR9Ra gd 200D
are fornmed in a symretric shape with respect to the |ongitudinal center

l'ine, theapBRE8E8r0ArROERoR €88 QbpkhetoCeRken oikhe shegamR eguahd o each
other, so that the oscillation characteristic against torsion of the

act uat or léhgﬁégéihélnebn@%Ee&Eﬁéabﬁ@-ibnlbabge%nQQd%”%%EtH@% dowdari es

204a and 204b between the flow uniform zing 2

proximal side with respect to the rigid area 202 which is
defined by the virtual line 208. The proximal portion of
the actuator arm is a wide portion contiguous to the pivot
bearing housing 116 and is high in rigidity. Therefore,
even if the balance aperture 118 is formed therein, there
is little influence on arm fluttering and an advantage in
weight balance can accrue. However, the present invention
includes a configuration in which the flow-uniformizing
areas 200a and 200b are expanded toward the proximal
portion or the shape thereof is changed to enlarge the
reduced thickness, thereby eliminating the balance aperture.
[0034]

If the flow-uniformizing areas 200a and 200b are
formed in a symmetric shape with respect to the
longitudinal center line, the masses on both sides of the
center line become equal to each other, so that the
oscillation characteristic against torsion of the actuator
arm 104 is not deteriorated. In this embodiment the

boundaries 204a and 204b between the flow-uniformizing



areas and the rigid area are forned in an arcuate shape, which shape, as
W ll be described later, is not only effective in suppressing the arm
fluttering but also extrenely easy t chi ne. The arcuate boundary shape
is also suitable for enlarging the aréa of the rigid area on the proxinma
side of the actuator armto inprove rigidity. In the case of form ng the
bal ance aperture 118, the shape in question is suitable for enlarging the
di stance fromthe closest edge of the bal ance aperture to ensure rigidity.

[ 0035] 'taggagogﬁabtﬁet%;g?aug%ea RSBl BCHENRY S RLALIE et of ar

104a to 1 can ever rig ructdre no assited i n which

the pivot,ghah! (11061 SqqUaed) agd aa%c%lggac 28641 1941 B8 dinect i on

perpendlcu ar to aces of the magnet| 2e. Generally,
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In the case of forming the balance aperture 118, the shape

in question is suitable for enlarging the distance from the
closest edge of the balance aperture to ensure rigidity.
[0035]

It is possible to assume a natural frequency for the
actuator arms 104a to 104f while a cantilever rigid
structure model is assumed in which the pivot shaft 110 is
used against a force acting in a direction perpendicular to
the surfaces of the magnetic disks 22a to 22e. Generally,
the smaller the mass of the tip end portion and the higher
the spring rigidity, the higher the natural frequency of
the cantilever. An increase in the natural frequency leads
to a decrease in amplitude. Therefore, in the actuator
arms 104a to 104f it is necessary that the arcuate
boundaries 204a and 204b of the flow-uniformizing areas
200a and 200b be formed so as to overlap each other, which
would prevent the rigid area 202 from being separated into
the proximal side and the distal side. A portion around

the swaging aperture 122 on the distal side of each of the



actuator arns 104a to 104f is a little thinner than the rigid area 202 in
order to ensure a high degree of nounting accuracy for the HSA 102, but
there is no such an influence as a |lowering of the natural frequency.

[0036] [Mdtion of Air Flowin Flow Unfform zing Area and Rigid Area] Fig.
6 is a diagram explanatory of operation of the flow uniform zing areas
200a, 200b and rigid area 202 of the actuator arm 104b shown in Fig. 5. The
actuator arm 104b has an upper surface and a | ower surface which are

formed in a%t%&o tralrc Ssq%%t vgot erdzlers%es(:ta tlalt% vi rég}ﬂ%q%cgﬁi% | ane 212. In

the foll owing description, therefore,” ~ reference %igned for
only the r, surfa an old true fqr. t.he,bottomsurface. In
addi ti on, %Eﬁgy agjl’esaoczﬁo& d‘q} (r%ultec{%e%rtr}f heensl}lprﬁaera gjnl@kboc%et‘ TS UTT atRE 5t I t he
ot her act I y q&%ti i nd. 22 [ te in e direction
of arrow %%t%%ﬁggﬁroﬁrhgt e ail‘lcoréj’ ﬁ(%wgtzr%f% and %28 Lgélﬁ_t%% h%fp{;?e%%% | ower
surf aces, ad eas?%%}éﬁg_l?/,ofof !t h}%%g&%% of_d runén1c04b. The air flows W1 and

WL2 nove from the Si end e si énd 206b, that is, fromleft to
right in Fq'ogn . In the actuator arm 104b, bal ance apertures are not forned
inthe rigid-area 202 and the flow uniform zing areas 202a, 202b, and

theref ore sygh, g Bal ange apsrtuig- boduced; turhulent Loy 4525014

Area]

Fig. 6 is a diagram explanatory of operation of the
flow uniformizing areas 200a, 200b and rigid area 202 of
the actuator arm 104b shown in Fig. 5. The actuator arm
104b has an upper surface and a lower surface which are
formed in a symmetric shape with respect to a virtual
center plane 212. In the following description, therefore,
reference numerals are assigned for only the upper surface,
and they hold true for the bottom surface. In addition,
they also hold true for the upper and bottom surfaces of
the other actuator arms. As magnetic disks 22a and 22b
rotate in the direction of arrow D, there are created air
flows W1l and W12 on the upper and lower surfaces,
respectively, of the actuator arm 104b. The air flows W1l
and W12 move from the side end 206a to the side end 206Db,
that is, from left to right in Fig. 6. In the actuator arm
104b, balance apertures are not formed in the rigid area
202 and the flow uniformizing areas 202a, 202b, and

therefore such a balance aperture-induced turbulent flow as



has been descri bed above in connection with Fig. 2 does not occur. In Fig.
6, the portions where turbulent flows occur due to a change in flow
velocity are the side ends 206a, 206b_and slant surfaces 210a, 210b.
However, in conparison wth the side £hds 206a and 206b which are
orthogonal to the air flow W1, the slant surfaces 210a and 210b are of a
structure difficult to develop a turbulent flow because of little change in
flow velocity. [00371 Further, in conparison with the conventional actuator

h [ ig. h [ .of the fl i.f .21 200 is 30%
o one e BhAn Ast 0S5k RERFRSAE sPIBCh BN B NG L8R 00 o 307
end 206a gecreas ag.its pgﬁtion oréhogwnal to the aiE E om/mjéh t he
result that the g@%rcﬁgmmﬁth %P T PR ?%E% %%% froRf'Ph&°SHF f1 ow

o 20 decr st B anIEE 0%l Spstenas, oL et sl menthe
L0, Lhe 1 0L, baR o0 1S, Sl el 1340 L R0kl g cEoUfbEl bhe
otationalLgl 94e eIl e Airch aheh HO - TIE sl a el Lorqve
P08 Mol i0 00,0 j2cbual o MmOl IS o T ) i oRET VT

structure difficult to develop a turbulent flow because of

little change in flow velocity.

[0037]

Further, in comparison with the conventional actuator

arm shown in Fig. 2, the thickness of the flow uniformizing

area 200 is 30% to 70% of the thickness of the rigid area

202, so that the area of the side end 206a decreases at its

portion orthogonal to the air flow with the result that the

force which the side end 206a receives from the air flow

also decreases. The magnitude of a change of the force

acting on the actuator arm 104b due to a turbulent flow is

probably roughly proportional to the force based on the air

flow. In addition, the force which the actuator arm 104b

undergoes from the air flow appears as a change in

rotational torque centered on the pivot shaft 110.

The rotational torque acting on the actuator arm 104b is

proportional to the distance between the pivot shaft 110

and the actuator arm 104b. Thus, if the balance

aperture 118 is formed on the proximal side close to the



pi vot shaft 110, the influence thereof is less than in the case of formng
t he bal ance aperture on the distal side even if there occurs a turbul ent
flow therein. On the distal side distggt fromthe pivot shaft 110, the air
flow does not exert a great change of“torque on the actuator arm 104.
[0038] Fig. 7 is a diagramexplaining notions of an air flow created by the
magneti c di sk 22 during high-speed rotation in the flow uniform zing area
200 which has arcuate boundaries 204a and 204b forned on the actuator arm

104b. In_connectiqn w.th EFi,g. .6 .as a cross-secti.onal vi there . has been
expl ai ned PERE CsFAPS i \énl\t/(\)hi ctﬁl%ar%‘n i ruefr’lct?w% H9°%des® aﬁsrf’ ma%i]cﬁe tghed 206a

and t he slc%réte %Lfrff%%%i%10% oef tl’% c:actauaetrc%r aerm 1 beﬁﬁn tkﬁ of her hand, in
Fig. 7 there wTl ~"be ef@pl ngé-fl NFar PR T %W ot 1orfs $Hith T %ect to the

104b whi ch is infl d.b ir fl . f h
magnet ¢ AVBKs o5 AR sy ih i TR e (R neOBt RBF act uat or

. [0039] A air, fl d he_.sur f f ic disk 22
ur T ng. 1 oEACIEN 51 O LA el 11 WAV A Rer b1 AT LT B of 1 he

disk, i.e., in_the track direction. As wn in Fig. .7, as the actuator arm
104b 1 s HSFSATES CRE Tou eSS SIHIS Gadio R B i Hgiries S

104.

[0038]

Fig. 7 is a diagram explaining motions of an air flow
created by the magnetic disk 22 during high-speed rotation
in the flow uniformizing area 200 which has arcuate
boundaries 204a and 204b formed on the actuator arm 104b.
In connection with Fig. 6 as a cross-sectional view, there
has been explained the state in which an air flow collides
with the side end 206a and the slant surface 210a of the
actuator arm 104b. On the other hand, in Fig. 7 there will
be explained planar air flow motions with respect to the
actuator arm 104b which is influenced by an air flow
created from the magnetic disks 22a and 22b. This also
holds true for the other actuator arms.

[0039]

An air flow created on the surface of the magnetic
disk 22 during rotation of the disk moves in the
circumferential direction of the disk, i.e., in the track
direction. As shown in Fig. 7, as the actuator arm 104b is

moved to the outer peripheral track side of the magnetic



di sk 22, an air flow WL3 generated on the magnetic disk 22 enters the side
end 206 obliquely at a small incidence angle. It is presuned that the air
flowis separated into a conponent adégnci ng toward the flow uniform zi ng
area 200a fromthe side end 206a and conponent whi ch bends toward the
spindl e shaft 26 of the magnetic disk 22 as a result of collision thereof
with the side end 206a. [0040] As shown in Fig. 6, it is probable that the
air flow advancing toward the flow uniform zing area 200a fromthe side
end 206a ids ar at ed i.nt

t that I1.i,d ith.the. b 204
and bends aﬁ%ﬁ% t'h& s 1%t Ofs]?ﬁ""?ac 0%§%a goorbo'?l#begrs{%?ﬁv%?'ﬁ]a? nge?}gugggyt he :
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igid d the fl i f 4 . that th ir fl t
that col | 1 EA % (Aot ha BFaRETeR FPaEetT0atFof kR 7 CREOBALSIarFB0aa and
bends. can nove al oq:g tve ar.cuat.e bou qﬁg% Thi s tegdenc%/. becones nore
conspi cuos SRIRIE e (ATRIBIC HHh TR Hhprisached” tHe tk Bt 2102 #hR8r al track

on Lhe Mmtetl Gl R B SIS 18 U Sl ATl gy on. Thus
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result of collision thereof with the side end 206a.
[0040]

As shown in Fig. 6, it is probable that the air flow
advancing toward the flow uniformizing area 200a from the
side end 206a is separated into a component that collides
with the boundary 204a and bends along the slant surface
210a and a component that gets over the rigid area 202.
The flow uniformizing area 200a of the actuator arm 104b in
this embodiment is provided with the arcuate boundary 204a
between the rigid area and the flow uniformizing area, so
that the air flow component that collides with the slant
surface 210a formed in the boundary 204a and bends can move
along the arcuate boundary. This tendency becomes more
conspicuous as the actuator arm 104 approaches the outer
peripheral track on the magnetic disk 22 where the velocity
of the air flow is high. Thus, it can be said that this
structure is suitable for suppressing the arm fluttering.
[0041]

Also even the air flow component that gets over the



rigid area 202 takes an obliquely rising posture along the slant surface
210a. It therefore rises at a snaller angle than the angle of the nachined
slant surface, that is, it gets over g gentle slant surface, whereby the
change in flow velocity of the air fl % beconmes smaller. Also even the air
flow nmoving fromthe rigid area 202 to the flow uniform zing area 200b
noves down to the flow uniform zing area 202b at an angle gentler than the
angl e of the nmachined slant surface and al ong the arcuate boundary 204b,

so that tr}%ﬁgﬁag%%al rﬁolezg\g(kvﬁneej,l gaﬁ{ tcxal%.fq%erei% arlnjirsj,[nlagoé\lyci)sstd.érfe;ral ) %-gti%é in the

flow uni formzi ng ar éa has arcua oun ween the
A B L A T L T L
v ect oS BESE ARSI S d WpUNEN Ainostufence el s durbulent
120 accor 4l LS o RN, AN Chet. b, | eghal iy, R vl 1d he,
106, 0= ikl JRAOIRL) o L5 0 S 8 e OK LAk WD 5
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uniformizing area 200b moves down to the flow uniformizing

area 202b at an angle gentler than the angle of the

machined slant surface and along the arcuate boundary 204b,

so that the change in flow velocity of the air flow is

small. Thus, in the flow uniformizing area 200 which has

the arcuate boundary 204 between the rigid area 202 and the

flow uniformizing area 200, it is possible to decrease a

change in velocity which occurs when the air flow changes

its direction, and hence possible to prevent the occurrence

of a turbulent flow.

[0042]

[How to Fabricate the Actuator Arm Unit]
The actuator arm unit 120 according to this

embodiment is fabricated by integrally machining the six

actuator arms 104a to 104f, pivot bearing housing 116 and

coil support 106. This is intended for application to a

plural disk stack which is required with an increase in

storage capacity of the magnetic disk drive. Aluminum is

generally used as the material of the actuator arm unit 120.



Alum numis suitable for being machined after die casting to fabricate the
actuator armunit. The actuator armunit may also fabricated by using a
rigid plastic material, subjecting it_to extrusion or drawing and a
subsequent nmachining finish. In this é odinment, first alumnumis
subjected to die casting in an external formwhich is continuous in the
axial direction of the pivot shaft 110 to forma rod-1ike actuator stock.

[ 0043] The rod-like actuator stock thus obtained is first subjected to

machi ni ng ,f 1Qr .ext er.nal a sub cted. to si taneous cuttlng for
plural actuafBr W e sibl} i cakd 33 Ei}f‘r{‘emdegar’fet_'eIE)f e cTra Y si nce
each act tor,arm 04, which is a snall t on art bjected

t o machi n:t%)g blrllé: Jf—'el r{:ghe g{zdlraa it tL}‘Pel pi vﬁ’ %Sg}liaﬁﬁrhgﬁg‘i Héu}! it is

necessary 10 talke Le .So .as t.Q i nduce Ogyplnfluence of . alther mal

strain. TR&Fefo |rsated %%r%ﬁﬁ%'pr&'l %ﬁﬁﬁ%ﬁ Wﬁ???h% tutters of
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continuous in the axial direction of the pivot shaft 110 to
form a rod-like actuator stock.
[0043]
The rod-like actuator stock thus obtained is first
subjected to machining for external shape and then
subjected to simultaneous cutting for plural actuator arms
104 which require a high degree of accuracy. Since each
actuator arm 104, which is a small, but elongate part, is
subjected to machining while being integral with the pivot
bearing housing 116, it is necessary to take care so as not
to induce any influence of a thermal strain. Therefore,
first as a primary process, plural milling cutters of sharp
edges, called gang cutter, are arranged accurately, and to
form flow uniformizing areas 200 of a large mutual spacing
together with the slant surfaces 210 in the shape of
adjacent actuator arms 104, the actuator stock is cut one
side at a time. In this case, both sides may be cut
simultaneously. In the primary process, heat is dissipated

to a satisfactory extent because the amount of the stock is



sufficient, thus permtting a relatively heavy cutting. In this sense,
cutting the flow uniform zing areas 200 first is effective. [0044] Cutting
traces of the sharp-edge mlling cutte&g serve as they are as boundaries
204a, 204b and sl ant surfaces 210a, 210b. Going through the primary process
of formng the flow uniform zing areas permts dimnishing the cutting
load in the secondary and subsequent processes to |essen the machining heat
for the stock. To separate the adjacent actuator arns 104 and forma rigid

area, it is%ff’l_%?l%%%e}rih%%ei:gﬁﬁttq 'raecxtéalg&ii\;él\gfi% ere%‘F@f?i‘n@s ngPheat s

transmtted uniformy. fore, the stock Is ¢ omthe

tip end s isn e Sl ; I i4sudi.nal, cent i y. s of
cutters (\gglﬁé’ %&ﬁ%'gr') %’L%]ft‘:13'!9?%%&1%%%1@131?%”1%?@;%?%% p%?(?n %in?%t{clt uat or
arm 104. ;Thergafter,e as needed, bal ance aperture 118 and swaging aperture
122 are forned, and a finishing process is performed. The bal ance aperture
118, etc. mwughe forned in the stage of formng the actuator stock. Thus,
since the actuator armunit 120 according to this enbodi mrent has the flow

uni or i zi g ar €420 el ded e lindzd e nlnd 5 3 €, A0 he

a . .
arcuat e boundary 204, "t here accrues an gﬁbantage t he machi ning is not

so conpl i cahed QYeRHd) LURA igAhiiied W convanil onal stoycture wherein

bal ance 31
surfaces 210a, 210b. Going through the primary process of

forming the flow uniformizing areas permits diminishing the
cutting load in the secondary and subsequent processes to
lessen the machining heat for the stock. To separate the
adjacent actuator arms 104 and form a rigid area, it is
necessary to select a direction in which the machining heat
is transmitted uniformly. Therefore, the stock is cut
several times from the tip end swaging hole side along a
longitudinal center line by means of cutters (gang cutter)
of different outside diameters to form an actuator arm 104.
Thereafter, as needed, balance aperture 118 and swaging
aperture 122 are formed, and a finishing process is
performed. The balance aperture 118, etc. may be formed in
the stage of forming the actuator stock. Thus, since the
actuator arm unit 120 according to this embodiment has the
flow uniformizing area 200 which is adjacent to the rigid
area 202 at the arcuate boundary 204, there accrues an
advantage that the machining is not so complicated even in

comparison with the conventional structure wherein balance



apertures are fornmed |like a |ladder. [0045] [Another Enbodinent] Fig. 8 is a
pl an view of an actuator armunit 300 according to another enbodi nent of
the present invention. A main surface,pf an actuator arm 302 is provided
with a rigid area 306 at a portion ex%ending longitudinally centrally
thereof and flow uniform zing areas at portions extending on both sides of,
longitudinally in adjacency to the rigid area 306. The flow uniform zi ng
areas 304 and the rigid area 306 are forned also on the other main surface

correspon_%@%thge%h%rgaq%fﬂégarﬁ%éﬁélaﬁﬁdéghe flow uniform zing areas 304
[

and the ri area 306 are each ormed I1n a substantially flat shape. The
flow unifepuiszi ng areas 304 and the rigid area 306 formed on the obverse
mai n surface and those fornmed on the reverse main surface are approxi mately

paral | el to;gashtnof hetbodig ickness of the flow uniform zing areas is 30%
to 70% of {he th?%knes% ofe? 2 rigid area. Also in this enbodinment, if the

area of the flow;uni fporm zj H 845,342 and e b t Bt +19¥pt 0 70% of
the total area o kjbothlarea?")cg')"fathe fIOM/uni?ggﬁgz?ngagﬁegg 50%3@ 304b and

area of theddilihg ALaRAher leri RGPS ttqté dde Yol ghiof each

actuator armand ensure the rigidity thereof. [0046] 32
A main surface of an actuator arm 302 is provided with a
rigid area 306 at a portion extending longitudinally
centrally thereof and flow uniformizing areas at portions
extending on both sides of, longitudinally in adjacency to
the rigid area 306. The flow uniformizing areas 304 and
the rigid area 306 are formed also on the other main
surface corresponding to the back side of Fig. 8. The flow
uniformizing areas 304 and the rigid area 306 are each
formed in a substantially flat shape. The flow
uniformizing areas 304 and the rigid area 306 formed on the
obverse main surface and those formed on the reverse main
surface are approximately parallel to each other. The
thickness of the flow uniformizing areas is 30% to 70% of
the thickness of the rigid area. Also in this embodiment,
if the area of the flow uniformizing areas 304a and 304b is
set at 10% to 70% of the total area of both area of the
flow uniformizing areas 304a, 304b and area of the rigid
area 306, it is possible to reduce the weight of each
actuator arm and ensure the rigidity thereof.

[0046]



In the actuator armunit 300 of this enbodi ment, a bal ance aperture is not
provi ded, but instead boundaries 308a and 308b between the fl ow

uni form zing areas and the rigid area?%re formed rectilinearly. Slant
surfaces may be forned in the boundartes. Instead of form ng a bal ance
aperture, the flow uniform zing areas 304a and 304b are extended
longitudinally to the proxinal side to a greater extent than in the

enbodi ment illustrated in Fig. 4 to take weight balance. The flow _

uni formizing ar ggs Naving,sueh a.slane gbcbaundgrices sam e formed by die
casting or nachining, but machining thereof i's "general y<ﬂ%q|b61t in
conpar | SoR LA ALEIALE BOYRIRL . SRNRVET NG TS ALy 0la,3 bal ance
aperture pernmts suppression of the arm quﬁerlng and ere can be

.Obt ai ned %ld%g 8 fdegg)%ba%e.ttgr%ﬁnr %%Lécrtfl%r\k %fni%rgﬂtzi f aaredaescra%ﬁ(fetl'(l)ef a change
in flow velocrty of anair ow. The —actuator arm havi'ng such a Shape of

fl ow unif qQr.m.zi r i NGl i he C h resent
invention%l?8§4%?e§I%%%u&%rﬁkgpﬁ%gggﬁgggﬁgg:fio%l %g %géﬁgégépﬁﬁgegg above
by way of gspechfiic, epRogi e %i'e's'.u.siﬁ&t,?&' !thP§rm9£§%”9§1ahEe9°es. W t hout
sayi ng that the present 1Tnvention 1S no imted to the above enbodi nents,

but that agy kaown SQNSUIUCLIAS AL Be AdeNled JASUAL Fous el fects of

t he prese nvertion are obtaine

extended longitudinally to the proximal side to a greater
extent than in the embodiment illustrated in Fig. 4 to take
weight balance. The flow uniformizing areas having such a
shape of boundaries can be formed by die casting or
machining, but machining thereof is generally difficult in
comparison with arcuate boundaries. However, the omission
of a balance aperture permits suppression of the arm
fluttering and there can be obtained such effects as the
reduction of weight and a decrease of a change in flow
velocity of an air flow. The actuator arm having such a
shape of flow uniformizing areas is also included in the
concept of the present invention.

[0047]

Although the present invention has been described
above by way of specific embodiments illustrated in the
drawings, it goes without saying that the present invention
is not limited to the above embodiments, but that any known
constructions may be adopted insofar as the effects of the

present invention are obtained.



[Brief Description of the Drawings] [0048] [Fig. 1] Fig. 1 is a perspective
view of a conventional actuator head suspension assenbly. [Fig. 2] Fig. 2
is a diagram expl ai ni ng notions of ai My lows in a balance aperture forned
in the AHSA showmn in Fig. 1. [Fig. 3] Fig. 3 is a diagramshow ng a
schematic construction of a magnetic disk drive according to an enbodi nent
of the present invention. [Fig. 4 Fig. 4 is a perspective view of an
actuator armunit errpl oyed in the enbodinment. (Fig. 5] Fig. 5is a

secti onal of the . actwuator armunit shown in Fig. 4.
[Fig. 61 Fqﬂrel\gétl s a p:}1_‘lroanm g?ﬁengﬁrrm lc%ss] of air flows in flow

uniforn12|[rbq) %reas and a rigid area in an actuator arm used in the
enbodi nment " i'g. 7] Fig. 7 is a diagram showi ng notions of an air flowin
the flow u[q_.llfgqr rin]2| ng areas and the rigid area. 34

Fig. 1 is a perspective view of a conventional
actuator head suspension assembly.
[Fig. 2]

Fig. 2 is a diagram explaining motions of air flows
in a balance aperture formed in the AHSA shown in Fig. 1.
[Fig. 3]

Fig. 3 is a diagram showing a schematic construction
of a magnetic disk drive according to an embodiment of the
present invention.

[Fig. 4]

Fig. 4 is a perspective view of an actuator arm unit
employed in the embodiment.
[Fig. 5]

Fig. 5 is a sectional view taken on line B-B of the
actuator arm unit shown in Fig. 4.

[Fig. 6]

Fig. 6 is a diagram showing motions of air flows in
flow uniformizing areas and a rigid area in an actuator arm
used in the embodiment.

[Fig. 7]
Fig. 7 is a diagram showing motions of an air flow in

the flow uniformizing areas and the rigid area.



[Fig. 8 Fig. 8 is a plan view of an actuator arm according to another
enbodi nent of the present invention. [Explanation of Reference Nuneral s]
[0049] 20 magnetic disk drive 22 magnegyic disk 24 enclosure base 26
spindle shaft 28 margin lip 30 ranp 32 voice coil yoke 34 outer crash stop
36 inner crash stop 100 actuator head suspension assenbly (AHSA) 102 head
suspensi on assenbly (HSA) 104, 302 actuator arm 106 coil support 108 voice
coil 110 pivot shaft 112 |oad beam 114 flexure 116 pivot bearing housing
118 bal ancgrj@perdjure 120, 300 actuator armunit 35

Fig. 8 is a plan view of an actuator arm according to
another embodiment of the present invention.
[Explanation of Reference Numerals]

[0049]

20 magnetic disk drive

22 magnetic disk

24 enclosure base

26 spindle shaft

28 margin lip

30 ramp

32 voice coil yoke

34 outer crash stop

36 inner crash stop

100 actuator head suspension assembly (AHSA)
102 head suspension assembly (HSA)
104, 302 actuator arm

106 coil support

108 wvoice coil

110 pivot shaft

112 load beam

114 flexure

116 pivot bearing housing

118 balance aperture

120, 300 actuator arm unit



122 swagi ng aperture 124 pivot aperture 200, 304 flow uniform zing area
202, 306 rigid area 204, 308 boundary between flow uniform zing area and
rigid area 206 side end of actuator ar 208, 209 virtual line 210 sl ant
surface 212 virtual center plane 36 aims [Claiml1l] Arotating disk
storage device conprising: a rotating disk storage nedium a head
accessible to said rotating disk storage nedium and an actuator arm
carrying said head thereon, pivotable, and including a nain surface
spreadinglbaz%wééyégiéﬁgg%ﬁggtion t hereof, said main surface including a
rigid area extending im a longitudinal direction and having a narrower

width at ijtbg P&é@haﬁ?ég¥£g its pivoting direction than widths at its

proximal portion and ront portion in their pivoting directions, said
L S B8 o L0 DL L ghng o e 20 scent (o sl d ol d
202, 306 rigid area
204, 308 boundary between flow uniformizing area and
rigid area
206 side end of actuator arm
208, 209 wvirtual line

210 slant surface

212 wvirtual center plane



| ongi tudi nal direction and having a thinner thickness than said rigid area.
[Caim?2] The rotating disk storage device according to claim 1, wherein
said flow uniform zing areas are formr3% on opposite sides of said rigid
area. [Claim3] The rotating di sk storage device according to claim 1,
wherein said actuator armincludes a first main surface and a second main
surface on both surfaces of the main surface thereof, and said rigid area
and said flow uniform zing area are formed on each of said first and
second main surfaces. 37 [O aim 4] CEE¥t ating di sk storage device
according to claim 3, wherein the flow uniform zing area formed on said
first main surface is substantially parallel to the flow wuniform zing area
formed onCdaiich sSdcond main surface. [Claim5] The rotating di sk storage

devi ce according to claim 4, wherein said rigid area includes a
substantially fl4t rogt@rtflé’é?e,dlaﬁ]iﬁ T4 296 E%Yésc% SO 1P F1Dw uni formi zi ng

area is in the range 0fi RP%itk A%RIgd hedihingkness of said rigid area.
[ G aim o] a head accessible to said rotating disk storage
medium; and
an actuator arm carrying said head thereon,
pivotable, and including a main surface spreading in a
pivoting direction thereof, said main surface including a
rigid area extending in a longitudinal direction and having
a narrower width at its central part in its pivoting
direction than widths at its proximal portion and its front
portion in their pivoting directionsg, said main surface
including a flow uniformizing area adjacent to said rigid
area and formed in a substantial flat surface extending in a
longitudinal direction and having a thinner thickness than

said rigid area.

[Claim 2]
The rotating disk storage device according to claim
1, wherein said flow uniformizing areas are formed on

opposite sides of said rigid area.

[Claim 3]

The rotating disk storage device according to claim
1, wherein said actuator arm includes a first main surface
and a second main surface on both surfaces of the main
surface thereof, and said rigid area and said flow
uniformizing area are formed on each of said first and

second main surfaces.



The rotating disk storage device according to claim 1, wherein said nmain
surface includes an aperture in a position between said rigid area and the
proxi mal portion of said actuator arm_[C aim7] The rotating disk storage
devi ce according to claim 1, wherein3daid flow unifornizing area is
adjacent to said rigid area along an arcuate boundary. [C aim8] The
rotating di sk storage device according to claim 1, wherein said main
surface includes _a slant surface forned at a boundary between said flow
uni for ni Zd§g18réd and said rigid area. 38 [claim9] The rotating disk

storage device acgol difig L0, £1 A8 dyoyhist ehbyaneaLeR 0h 58l d.d | oW,

uniformzing area is in the ~ range o a total area of the area
of said Bl owhardifrormhei Afoar eaidrdntilze nar earcaf Sarded | ghd sariea. £ {x&t@ai m 10]
The rotating disk storage device according to claim 2, wherein said flow
uni f or ni G arB& 13 or mEd i%uké\St%%ng]I[%?caPa% pELwi tTP r eSp8ct "3 line

passi Ng LiFdEGhiad i nORALUHS e LM &a i G @it ahgdadLd aim 11] The
rotating di sk storage device according
[Claim 5]
The rotating disk storage device according to claim
4, wherein said rigid area includes a substantially flat
surface, and the thickness of said flow uniformizing area is

in the range of 30% to 70% of the thickness of said rigid

area.

[Claim 6]

The rotating disk storage device according to claim
1, wherein said main surface includes an aperture 1in a
position between said rigid area and the proximal portion of

salid actuator arm.

[Claim 7]
The rotating disk storage device according to claim
1, wherein said flow uniformizing area 1is adjacent to said

rigid area along an arcuate boundary.

[Claim 8]

The rotating disk storage device according to claim
1, wherein said main surface includes a slant surface formed
at a boundary between said flow uniformizing area and said

rigid area.



to claim1, wherein an aperture is forned on the proximal side, in the
| ongi tudinal direction, of said actuator arm

38

[Claim 9]

The rotating disk storage device according to claim
1, wherein an area of said flow uniformizing area is in the
range of 10% to 70% of a total area of the area of said flow

uniformizing area and the area of said rigid area.

[Claim 10]

The rotating disk storage device according to claim
2, wherein said flow uniformizing area is formed in a
symmetrical shape with respect to a line passing through a

longitudinal center of said rigid area.

[Claim 11]
The rotating disk storage device according
to claim 1, wherein an aperture is formed on the proximal

gide, in the longitudinal direction, of said actuator arm.





