1 [Nanme of Docunent] Specification [Title of the Invention] Rotating D sk Storage Device [Technical Field]

[ 0001] The present invention relates to a technique for suppressing oscillation of an actuator head
suspension assenbly in a rotating disk storage device sqph as a mgnetic 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

fl ow generated on a surface of a rotating disk. [Background Art] [0002] A nmagnetic disk drive as an exanpl e
of a rotating disk storage device includes a nagnetic disk, which has a magnetic |layer forned on a surface
thereof and is adapted to rotate about a spindle shaft, an actuator head suspension assenbly (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 assenbly (hereinafter refer to as "HAS') and an actuator

assenbly. The HSA includes a head[mghghogaﬁggumgﬁg@sgpggikggaggggetic di sk for perform ng both or one of
read and wite of data, a slider to which the head'is

[Title of the Invention]

Rotating Disk Storage Device
[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 asgembly {hereinafter refer tc 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
actuat or assenbly includes an actuator arm which supporés the HSA, a voice coil which constitutes a voice
coil notor (hereinafter refer to as "VCM), a coil supp6rt which holds the voice coil, and a pivot bearing
housi ng. [0003] A head/slider constituted by a head and a slider floats by an extrenely slight height on the
surface of the magnetic disk which is rotating, while being supported by the flexure and performng a
pivotal notion, and is positioned to a predeterm ned track position, then is controlled so as to performa

foll owup operation for trQEEﬁch§8r¥ﬁﬁ'Qﬁ9EﬁaE gro%ldggokggglkﬁegﬁgh %3%$%ﬁ §r-g@ntrol unit calculates an

error between a target p05|t|on and e presen ositron Sérvo In 3t 611 r ead by the head and

then controls the VCM so thq SHQE fkg§§§ tgeggrahbgﬂgécteﬁb r%%t%&%ﬁ apq %Pe AHSA to performa

correcting operation. I|f the 0 an unex | acenent or exanple, oscillation

or shock while the controlfg@khrgaggs ﬁégﬂskhbogg daeent ol éEgEheEhea ead, 134onger, tinme than necessary nay
or

be consunmed wuntil the head is positione pre determ ned track
which supports the flexure. The actuator agssembly includes

an actuator arm which supports the HSA, a voice ceil which
constitutes a voice coil motor (hereinafter refer to as
“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 cf the
magnetic disk which is rotating, while being supported by
the flexure and performing a pivctal motion, and is
positioned to a predetermined track pesition, then is
controlled so as to perform a follow-up coperation for
tracks. Servo information is recorded in each track. The
control unit calculates an error between a target position
and the presgent 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, cscillation or
shock while the control unit makes a positional contrel 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. [00041 Wth inprovenent in recording density of the magnetic disk
drive, the accuracy required at the tine of positioning the head to a predetermned track is becomng nore
and nore strict. In the magnetic disk drive, an air flog; which is created on the surface of the nagnetic
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. Wile the head reads or wites data, the air flow created on the disk
surface collides wth the ASHA and causes a change in flow velocity. A natural oscillation is usually

devel oped in the actuator armwhich is driven by the VCM |f a change in flow velocity of the air flow

occurs in the vicinity of thg. getHatQl akfkstheamplitudeof ,Lhe natural oscillation increases and an
oscillation called arn1f|utte$ing resufts, ﬁ%icﬁ a %ects thr%ogftional control for the head. [00051

Di spl acenent nodes caused byg@ggillation of the actuator armthere include bending, sway, and torsion.
Bending is a displacenent of the actuator armin a direction perpendicular to the surface of the nagnetic

g: ?géti §\rA]/ay is a displacenent in ghenpiyMptboamahtechi eac8tathg aapbyalobrakMe TRESEGAC S a displacement in a
disk drive, the accuracy required at the time of
pesitioning the head to a predetermined track is becoming
more and more 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 imparting
bucyancy 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 1g 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 |longitudinal direction of the actuator arm The

| arger the nunber of revolutions of the magnetic disk, the higher the velocity of the air flow and the nore
marked the arm fluttering. Further, the larger the nunbgr of stacked nmagnetic disks, that is, the |arger

t he nunber of actuator arns, the greater the influence of the air flow exerted on the whole of the AHSA and
the nore marked the arm fluttering. [00061 As a track pitch has recently been becomi ng nore and nore narrow
in quick tenpo, the necessity of preventing arm fluttering has becone stronger than before. In addition, it
has been proposed to increase the nunber of nagnetic disks to be stacked for the purpose of increasing

capacity or increase the nggpggig%hagggkugigg§tgg}tggngggn$§£%_géiﬁgdggéogggtgggpose of inproving the access
, u [

speed. Wth these as backgroun e prevention of arm erin nMng an inportant issue. Patent

e 3n" s oo [BESDILERY S8 URRLES SO s st gy gbged I 0 sUporess flutterino
includes a pivot bearing hoygiBerlls 2evB@LLiSHRPRE! 14 mBghekie &Qik,1@naam 3fH4akel, assenbly

velocity of the air flow and the more marked the arm

fluttering. Further, the larger the number of stacked

magnetic disks, that 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 guick tempe, 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 filuttering caused by an actuator arm.

[c007]

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 arns 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. Wien the head accesses a magnetic disk, the disk is in a
rotating condition between adjacent actuator arns. One set of HSA is connected to each of the top and
bottom actuator arns, while two sets of HSAs are connected to each of the other two actuator arns 12b and
12c which are stacked inside. Therefore, the actuator arns 12a to 12d are each influenced by an air flow
created on the surface of a nmagnetic disk opposed thereto. [0008] Each of the actuator arns 12a to 12d is
formed with three bal ance apertures 5, which are for taking the balance of the entire weight of the AHSA

centered on a pivot shaft. CER?BFEE O@yagghgkgg gggmc§agegooﬁzgraghhyﬂg gtq%aA@§A1 the pivot shaft, even

if a shock which involves a para nmovenent is given to the ragnetic di sks fromthe exterior, the AHSA is
prevented from pivoting to gbﬂhgb%gdtgg th@fhggﬁggognagggmBQ§ltlpmlggbaggﬂéagy uFudrther, the operation

characteristic of the AHSA is inproved by taking the wei ght "bal ance. [Patent |terature 1] U. S. Patent No.

5,446,612 [Patent Literatugkgu2lactuator arms 12a to 12d are stacked. When the head
accesges a magnetic disk, the disk is in a rotating
condition between adjacent actuator 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 armg 12a to 12d are each influenced
by an air flow created on the surface of a magnetic disk
cpposed 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.S5. Patent No. 5,446,612

[Patent Literature 2]



6 U. S. Published Patent Application No. 2003-16473 [Di sclosure of the Invention] [Problens to be Sol ved by
the invention] [0009] The actuator arns 12a to 12d descri bed above is of a cantilevered structure wherein

they are fixed at one ends to the pivot bearing housingsll. Therefore, once there occurs armfluttering,
oscillation is transferred to head/sliders attached to tthe 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 actuator arm 12b opposed to nagnetic di sks. 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 assenbly. The inner sidg gtace,f%;L8eq 258Ent0aLRE 1 8RLEELE NSl W t.ne AHSA 10 i s nounted.
[0010] Arrow Din Fig. 2 indicates a ro?atﬁnge irect Pon EP lnagne%ig di sks. Ploms WL and W2 created in

the direction of arrow D agdyanegoasrdnbiormef tows itk tiiey are spaced a certaln di stance fromthe upper
surface 61 and |ower surface 63 of the actuator arm 12b. ~n the other hand, air flows advancing close to

the upper and lower surfacgprBbicR3d €b blesagiual 8 ahd ¥2Reeelbinde with the
[0005]

The actuator arms 12a to 12d described above is of a
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 sectiocnal view taken on line A-2a 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. Alr flows Wl and W2 created in the
direction of arrow D advance as uniform flows if they are
spaced a certain distance from the upper surface é1 and
lower surface 63 of the actuator arm 12b. On the other
hand, air flows advancing close to the upper and lower

surfaceas 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, giving rise to a vortex flow or a
turbulent flow [0011] In the aperture 5, the air flows _becone air flows W and Wb advancing to opposite
sides while involving changes in flow velocity, or at an aperture edge 6, the air flows becone vortex flows
WB and W5, giving rise to pressure differences at uncertain positions on the upper and | ower surfaces 61, 63
of the actuator arm 12b. The turbulent flows generated in the aperture 5 are coupled with the turbul ent

fl ows generated at the inner and outer side faces 65, 67 and increase the anplitude of a natural oscillation

of the actuator arm 12b, “‘HBn%Q”%EHBGEECQVEE EHEF%Ekﬂgtog[ngzthccﬁﬁfQﬁgiy attt¢%uan obj ect of the present

invention to provide a rotating disk storage device capable of suppressing arm ttering of an actuator

arm which constitutes an Pgétggq having bg@ggvquge@gcecgatrghg§glI&E%ESI%|d%éﬂ§gtﬁg obj ect of the present
invention to provide a rotating disk storage device wth an "actuator arm nountedthereon, the actuator arm

having an armfluttering-sgppyesaiBgist HELUES Whi 6Br0RR PRanbRbLILC kG AR
pressure, giving rise to a vortex flow or a turbulent flow.
[0011]

In the aperture 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 ¢f 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 i1is another object of the present
invention to provide a rotating disk storage device with an
actuator arm mounted therecn, the actuator arm having an
arm-fluttering-suppressing structure which can be

fabricated easily.



8 [Means for Solving the Problens] [0013] A principle of the present invention resides in a structure
wherein the apertures which cause armfluttering are not fornmed in the actuator arm the resulting increase
in weight is conpensated for by formng a flow uniform zing area having a structure to dimnish a change in
flow velocity which occurs at an end portion of the act fat or arm and arigid area is formed centrally to
ensure rigidity. [0014] According to a first aspect of the present invention there is provided a rotating
di sk storage device conprising a rotating disk storage nedi um supported rotatably on a base, a head
accessible to the rotating di sk storage nmedium and an actuator armcarrying the head thereon and supported

on the base for pivoting novgpept, she R§tUa rlﬁgrpf js;ng a main surface spreading in a pivoting
direction thereof, the main surface having ngbn |tu Hﬁ#y centrally extending rigid area and a flow

uni form zi ng area adjacent fo@1Bhe rigid area and thlnner than the rigid area, the flow uniform zing area
being forned in a Iongltudlnally extendi ng, substantially flat shape. [0015] The main surface of the

actuator armspreads in the pivotxng, dheeghkoBraRflel $reRRAsed nl2nkhen Heliideg disk

structure wherein the apertures which cause arm fluttering
are not formed in the actuator arm, the resulting increase
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 toc the rotating disk



9 storage nmedium and an air flow created by rotation of a magnetic disk advances on the main surface. On
the main surface, however, the rigid area extends longitudinally centrally of the actuator arm providing a
wel | -bal anced rigid structure. Further, the flow uni foréréi 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 flowwth a side face of the actuator arm Since the flow uniformzing area is thinner than the
rigid area, it also plays the role of reduci ng the weight of the entire actuator arm Thus, in the actuator
armused in the present invention, is not necessary to forma balance aperture to take a wei ght bal ance

of the entire actuator assegﬁ5¥ﬁgg éghuﬁorghﬁg %h% %Lng%nbgggg%ép %%%%FﬁQbthh sides of the rigid area

i s conveni ent because both wel rigi actuator armare we anded in a torsiona

direction. If the rigid areg ngﬂgtgge HEQWad'&QHc%rsmoi' NG ALE3 12 ffglrcrged &R eagh,9f,a first main surface and

a second mai n surface, both In sur aces exhi bit an arm utterl ng suppressing effect in the case

where the actuator armis diggpesed bgby,@g@rt V\th[ cked hebabkRendissk o3Qnage f|dia. I'f the flow uniform zing

area formed on the first main surface and the flow"uniform zing
centrally of the actuator arm, providing a well-balanced

rigid structure. Further, the flow uniformizing area
extends longitudinally in adjacency to the rigid area, so
that it is possible to diminish a change in flow wvelocity
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 alsc 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.

[0015]

Forming the flow uniformizing area on both sides of
the rigid area ig 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 nade approximately parallel to each other, it is possible to
facilitate nmachining in conparison with the case where a flow uniformzing area is inclined or is fornmed as
flat surfaces including plural thicknesses. In this conpection, when the rigid area includes a
substantially flat surface, if the thickness of the flow uniform zing 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 bal ance

bet ween both areas. [0017] In the case where with only the formation of the flow uniformzing area it is

i npossi ble to take a predeterm ned meight bal ance, it is preferable to forman aperture between the rigid

area and a proxinmal portion_of the, agty lea%%bo}ﬁ?mBrQX%G§Ea artian of, the actuator armis wde in the
pivoting direction and high in rigidity because Its proXximty to a plvot bearing housing, so even if the

aperture is forned, there m%bkrgﬁlhbgghguggghgggqetgnegrﬁgogthIe&knqs fodNeifd Qw uniform zing area is

adj acent to the rlgld area along an ar oundary, n when the tuat or arn1anes to an outer

periphery of a_trapk especggghxlgbgg b8 bk Qi ehgcbbm a&@%oﬁ'%1EEOWh%d%%%%9%hé¥ ong the arcuate shape, which
is nore effective in suppressing the arn1f|ut ering. ? he arcuate shape as

flow uniformizing area is inclined or is formed as flat
surfaces including plural thicknesses. In this connectien,
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 formaticn of the flow
uniformizing area it is impossible to take a predetermined
welght balance, it is preferable to form an aperture
between the rigid area and a proximal porticn 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
egpecially 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 |larger anount of a thick portion to remain on the proxinmal side of the

If a slant

between the flow wuniform zing area and the rigid area, %fe air flowcan flow fromthe flow uniform zing
a

actuator arm and is thus convenient for enhancing rigidity.

area to the rigid area without wundergoing any signific

surface is forned at the boundary

change in flow velocity. [00181 According to a

second aspect of the present invention there is provided a rotating disk storage device conprising a
a head accessible to the rotating di sk storage

rotating di sk storage nedi um supported rotatably on a base,

medium and an actuator armcarrying the head thereon and supported on

actuator armincluding a nakpgiggﬁgggrgﬁ%ggggn%ekniggf%g%%%%

|l ongitudinally centrally e rng ri ea-an

e actuato

d

f't'

directione

t he base for pivoting novenent, the
%h%&pof the main surface having a

ormzing area adf%%ent to the rigid area and

cuttin

thinner than the rigid area oE@gohlﬁw rgﬁgg rghz%g%]%éggérﬁggggégrg%dthg

substantially flat shape, erein't

a Jongifudinal I'y extending,

an actuator stock forned by die

casting, extrusion, or drawhpg ;LOPHAL THA EHILA:Ate3 ARHHASAL QUMMikY M £ng g gac of the 12

surface is formed at the boundary between the flow

uniformizing area and the rigid area,

the air flow can flow

from the flow uniformizing area to the rigid area without

undergoing any significant change in flow velocity.

(c018]

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 ig formed by cutting an actuator stock formed by die

casting, extrusion, or drawing.

[00189]

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 arm by
cutting an actuator stock with a mlling cutter, the actuator stock being formed by die casting for
exanple. By selecting a netal as the actuator stock and utting the nmetal with a mlling cutter, it is
possible to forman actuator armunit integrally. By gojr%g through the steps of first cutting the flow
uniformzing area with a mlling cutter and then cutting out an actuator arm sinultaneously wth subsequent
formation of the rigid area, it is possible to facilitate the manufacturing process. Conveniently, a cutting
trace with the mlling cutter serves as an arcuate boundary between the rigid area and the fl ow

uni form zing area and al so Ee[lgegragrﬁ‘uglcgggfd%wf@%etlhgr %‘%%%lo g g#qgﬁ{)étéa Flfrther if the area of the

flow uniformzing area is set at a va I'n eraneof ar ea of the area of the flow

uni form zing area and an argR alchbe olkghdiar ey 'fbrhaggoeﬁebgetggtersewb &g set in the

range of 30%to 70% of the said total area, ere can attained a structu swta e for redu0| ng the

wei ght of the actuator arm and.fo[,eRsucpgyt witw 9l 80 inbNeLeRty [ EHECGh elacie deuantion] - [0020]

According to the present invention there could
being formed by die casting for example. By selecting a

metal as the actuator stock and cutting the metal with a
milling cutter, it is possible to form an actuator arm unit
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 subseguent
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 armfluttering of an actuator armas a
constituent of an AHSA and having inproved head controllability. Further, according to the present

i nvention there could be provided a rotating disk storagf device with an actuator arm nounted thereon, the
actuator armhaving an armfluttering suppressing struc tre capable of being fabricated easily. [Best Mde
for Carrying Qut the Invention] (0021] [Explanation of Magnetic D sk Drive] A magnetic disk drive according
to an enbodi mnent of the present invention will be described hereinunder wwith reference to the acconpanying
drawings. In the followi ng description and the drawﬁngs t he sane conponents are identified by the sanme

reference nunerals. Fig. 3 h§o@lagﬁza¥hg@%§gg %_gggggg gﬁggggs%r%gyl%n & a magnetic disk drive 20

enbodyi ng the present |nve tiron e nmagnetic an exanple of a rotating disk

storage device, various ggﬁgg@ggiﬁ eagﬂugg%gtgglﬁgbg§e §4gggu§tg&s%r§p%]o%yre A magnetic disk 22, which

is an exanple of a rotating storage nedium is~provi on both sides with recording surfaces each

having a magnetic |ayer forgedsthe(gaR: oFhgn KAGRCLNG b nd2 ikP oW eds© a hub as a constituent of a 14

controllability. Further, according to the present
invention there could be provided a rotating disk storage
device with an actuator 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 Drive]

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 1is 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 enclcsure. A
magnetic disk 22, which 1s an example cof 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
spindle shaft 26. In this enbodi nent five magnetic di sks 22
invention the nunber, of magnetic disks is not limted i{ f
magneti c disks, the greater the armfluttering, and theref

for a magnetic disk drive having the |arger nunber of disks.

| ower position and is adapted to rotate about a
are stacked in parallel, but in the present
ive. Generally,

ore the present
[ 00221 The magnetic disk drive 20 adopts a

| oad/ unl oad systemprovided with a ranp 30 in the vicinity of an outer per

but it nay adopt a contact start stop (hereinafter refer to

an actuator arm 104, a COi'ﬁgiﬂﬁggrko%gg nte gﬁ%f?%%r ggegog%

the coil support 106. The Al base
directions through a pivot %%@ é&glﬂggn 2RVl 463 ?Eggdgg
ser

t he pivot bearing housing 1 Ing as a prvot car

SO as

l%\? O(?E'I eb

the | arger the nunber of stacked
invention is nore advant ageous

i phery of the magnetic disk 22,

CSS") system An AHSA 100 includes an HSA 102,
g 146y,.3n¢

%pll 108 which is held by
e 1n both Al and Bl

rg@gtgcgg%h%r 1P ;34 the coil support 106, and

nount 1 ng

portion,

are f or med integrally by

mol di ng. [0023] The HSA 102 gQrpr hges fhlgﬁg%tgﬁgg&é&gﬁgtfg@gxhgéhépﬁcqg{y@éo§2a£pé104 and a flexure 114

attached to the | oad 15

stacked in parallel, but in the present inwvention the

number. of magnetic disks is not limited to five.

the larger the number of stacked magnetic disks,

Generally,

the

greater the arm fluttering, and therefore the present

invention is more advantageous for a magnetic disk drive

having the larger number of disks.

[oo22]

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,
support 106, a pivot bearing housing 116,

108 which is held by the coil support 106.

a coil

and a voice coil

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 pilvot 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) is attached to the flexure 114. The head/slider is conposed of a head and a slider to which the head
is attached. The head is conposed of a read head for rggging data and a wite head for witing data, and it
is used in common for both witin

applicable to a magnetic disk drive provided with only a wite head or a
writing or
ABS under goes buoyancy from an
the disk. Under the action gf._f.he A
spaci ng kept therebetween.

may be of a

[ 00251 16

type that

r eadi ng,

The head/Eﬁ‘s%]f attdache

er 1's pressed agal ns reco

composed of a head and a slider to which the head is
attached. The head is composed of a read head for reading
data and a write head for writing data, and it may be 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 locad) in a
direction in which the head/slider isg 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]

i nvention is also
read head and used exclusively for
respectively. The slider has an ABS on its side opposed to the magnetic disk 22 which
air flow created on the surface of the magnetic disk 22 during rotation of

. | | de flo aho e_r rding surface with a smal
E%jlgrr‘Ia llm?dé?t&d Jdtg%c]) Jt%e%tf exu%lcg %gn E';\Lsu"g aglfranner that the ASS is
opposed to the recordi ng sugtaceoffzh et .G di 22,5, T 1 o) a pressure (pushing
load) in a direction in mhic% t%e ﬁeagng? rbg‘d beém %&2' @th%ﬁgﬁgfﬁﬁéﬂ ?%QE QH&@?)
22. The pressing

and reading. [00241 The present

ing surface of the magnetic disk

load and the,PuaypREY WGl EREXHBR YRIer ORES L& e pCedigto define a floating height.



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 24 in op@§3|t|on to the voice coil yoke 32. Thus, the upper
and the | ower yoke constitute a pair of yokes. A voice ctoil magnet (not shown) is attached to the |ower yoke
and a yoke gap is fornmed between the | ower and the upper yoke. The voice coil nmagnet nmay be attached to one
or both of the upper and |ower 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 ﬁe”ggﬂft%ﬁgaﬁkﬁlgﬁgfwEQEhVBBngaQhgobgﬁgeb¥oﬁﬁe1%%kes and the voice coi

magnet. An electric current is aI int VOl ce col and e diréection and magni tude of the

electric current are contrggngovwggaeg¥ BhgeéySénaogfcgg bgHthqb%d ‘Aﬁ é% direction at a controlled
speed and acceleration. [0027] An outer crash stop 34 an I nner cras op 36 each containing an elastic
material such as rubber arecl{i yoke 32 is supported by the base 24 so as to cover the
coil support 106 from above. Further, a lower yoke (not
shown) is provided on the basgse 24 in opposition to the
voice coil ycke 32. Thus, the upper and the lower yoke
censtitute a palr of yokes. A voice coil magnet (not
shown) 1is attached to the lower yoke and a yoke gap is
formed between the lower and the upper yoke. The voice
ceil magnet may be attached to one or both of the upper and
lower vyokes.
[0026]
The pair of yokes and the voice coil magnet
constitute a voice coil magnetic circuit, and the wvoice
coil magnetic circuit and the voice coil 108 constitute a
VCM. The wvoice coil 108 is disposed within a magnetic
field of the yoke gap formed by the yokes and the veoice
coil magnet. An electric current is allowed to flow in the
voice coll, 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 nmenbers for limting a nmaxi mum pivoti ng
range of the AHSA 100. The outer crash stop 34 limts t direction (Al direction) in which the head/slider
pi vots outside the magnetic disk 22, while the inner crash stop 36 limts the direction (91 direction) in
whi ch the head/slider pivots toward the spindle shaft 26. The ranp 30 is fornmed by a conbination of a flat
surface and a slant surface in such a manner that the margin |lip 28 slides on the surfaces, permtting
retraction of the head/slider, before the buoyancy of the ABS vani shes upon stop of rotation of the nagnetic

disk 22. [0028] [Explanatignqqfqalaluaiay A6 WBLLL Ebd1 doke %2p%B59%Ctti§>V%éa\r’]i$?%cgfe n actuator armunit 120

whi ch constitutes the AHSA 100 descri bed above in connection with Fig. 3, is a sectional view

taken on line B-B in Fig. 4f:3Recfet Hatar sar Bruphl 12Qer okudesriaCt gt OF AFBn 1045,t 0 104f, the pivot
bearing housing 116, and the coil support 106. The six acCtuator arns 104a to 104f are of a nutually

separated stack structure ganhhgueus tankhecRhyat skepr bBJ rligusiing 1%6 ifi tRNPkPk/d dge is inserted into a

pi vot aperture 124 so that the AHSA 100 can pivot about the pivot shaft 110 with 18
for limiting a maximum pivoting range of the AHSA 100. The
outer crash stop 34 limits the direction (Al direction) in
which the head/slider pivots outside the magnetic disk 22,
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 combinaticn
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 wvanishes upon stop cf 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 1l04a 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 [ 0 02 91 Since the five stacked magnetic disks 22a to 22e have ten recording
surfaces in total, ten sets of HSAs 102 are provided for the actuator arns 104a to 104f so as to be
associated with the respective recording surfaces. Wen éhe head accesses the recording surface of the
magnetic disk 22, the five magnetic disks 22a to 22e art® each present between the associ ated actuator arns
104a to 104f. One set of HSA 102 is attached to each of the top and bottom actuator arns 104a, 104f and two
sets of HSAs are attached to each of the other four actuator arns 104b to 104e which are located inside the
top and bottom actuator arms. On the tip or distal end side of the actuator arns 104a to 104f there are
formed swagi ng apertures 12%h€°&r'99HBG%BEQB afr the Hefs 102 by swaging. [ 0 0 3 01 Each actuator arm 104 has
an upper surface and a |ower surface-as main surfaces spreading in the pivoting direction of the actuator
arm Arigid area 200 and fhggbggnifornizing areas 200a and 200b are fornmed on each of the upper and | ower
surfaces. The nmain surfaces may be defined as surfaces of the actuator arm 104 opposed to a magnhetic disk.

The rigid area 202 is an area in which the thickpegskehRehWgRB1he YRREr 230dLoveE gyiftaces of the actuator
armis 19

ten recording surfaces in teotal, ten sets of HSAs 102 are
provided for the actuator arms 104a to 104f so as to be
assoclated with the respective recording surfaces. When
the head accesses the recording surface of the magnetic
digk 22, the five magnetic disks 22a to 22e are each
present between the associated actuator armsg 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 con 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



| arge, and is formed in such a manner that the center thereof is aligned with a virtual center |ine
connecting the center of the pivot aperture 124 with the center of each swaging aperture 122. The rigid
area 202 mainly plays the role of retaining the rigidihg of the actuator arm 104. However, a rigid area
wherein the center line of the rigid area and the virt 7 center line are not in alignment with each other
is also included in the scope of the present invention. The flow uniform zing areas 200a and 200b are areas
in which the thickness between the upper and | ower surfaces of the actuator armis snaller than that of the
rigid area 202, and nmainly play the role of reducing the weight of the actuator arm 104 and di m nishing a

change in rom1veIOC|ty of 1gn glragbowg A-PRER QR QR theg ﬁhﬂﬁletE € $aging gperture 122 and a portion on

t he side of the pivot aperture 124 Tn"the actuafor arm are here refer to as the tip end portion and the

base end portion, respectivehyreof0931d1hankhl ieRbadlIRata ! Bentbonybll doflellq ay eas 200a  and 200b are
formed on both sides of the rigid area 20 a symetric shape wth respect to a’l ongitudinal center |ine.

However, an actuator arn1|ntﬁglggngggmbgntggrgh§b@ga g&gg§eaﬁg4fg&gﬁdtggygggk%&c%kly on both sides of the
rigid area and an actuator armin which a IOMFunlfornlzlng area 1is forned on only one side of the rigid

area, are also 20 each swaging aperture 122. The rigid area 202 mainly plays
the role of retaining the rigidity of the actuator arm 104.
However, a rigid area wherein the center line of the rigid
area and the wvirtual 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

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



included in the scope of the present invention. The flow uniformzing areas 200a and 200b are adjacent to
the rigid areas 202 at respective boundaries 204a and 204b and are fornmed so as to extend longitudinally up
to the side ends 206a and 206b of the actuator arm The @oundaries 204a and 204b are provided with
respective slant surfaces 210a and 210b (see Fig. 6). rigid area 202 is defined as an increased

t hi ckness |ying between a virtual [ine 208 joining the respective nost proxinml positions of the boundaries
204a and 204b between the flowuniform zing areas and the rigid area and a virtual line 209 joining the
respective nost distal positions of the boundaries 204a and 204b. In the case where a flow uniform zing area

|5 provided on one side of ;L. hidi dnatRR. oLBBN LG 4l gacES, detiagd s anpgrem upich is adjacent to the

flow uniformzing area in t ongi t udi nal ection. OW uniform zing area is defined as an area

which is formed on the nalgn§gggwg ﬂ& the %CEB%EOEnﬁrEb%Q4a¥Q Lo %%%n?oggb] @g§1 dhe actuator armin

adj acency to the rigid area an ist |nner than the rigid ar s enbodi ment, bal ance

apertures are not forned |Qrg§g EbQMFEnkgﬁggb%%Qg %5%§d399e9233hgea5-gb%4§1%%52% but instead the flow

uniform zing area 200 is fornmed thinner t the rigid area to take wei ght bal ance of 21
formed so as to extend longitudinally up to the side ends

206a and 206b of the actuator arm. The boundaries 204a and
204b are provided with respective slant surfaces 210a and
210b (see Fig. 6). The rigid area 202 ig 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
regpective 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 Elow-
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-unifeormizing 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 flowuniform zing areas 200a and 200b at a val ue of
10%to 70%of the total area of both area of the flowuniformzing areas 200a, 200b and area of the rigid
area 202. A preferred value of the area in question is 30%to 70% which is suitable for reducing the

wei ght of the actuator arm 104 and ensuring the rigidity thereof. In this enbodinent, the rigid area 202
and the flowuniformzing areas 200a, 200b are substantially flat surfaces, and those forned on the upper
surface of the actuator armand those on the |ower surface are parallel to each other in order to
facilitate machining. The substantially flat surface nmeans a flat surface which nay be sonewhat uneven in

terms of nmachining. Selectipg Eggaggig§g3§s ff igm%fféa%i é"ééﬁé@{iﬂgeaéﬁéa2%$ %ﬂ t he range of 30%to 70% of
isp effec aki ng

the thickness of the rigid area articularly ive in i hg wWerg ar ance and suppressing the

armfluttering. 1In the pre§gggéhﬂyggkhggin_hgrgggwgéggfﬁﬁgiéb@%ig&e%_ q Jmy, & heefiore be formed so as to be

inclined fromthe side ends to'the rigrd area ternativel the Tl ow wuniform zing area nay be

frapged in thickness so as tgq &Eeghg goggﬁf%%ggcgfigogﬁigggai got.ak ?ﬁchﬁ%n&@d?ﬂ?%ﬁﬁﬁs smal | er than the

gid area. [00331 In the case ere wwth only the formation of the 2
areas 200a, 200b and area c¢f the rigid area 202. A
preferred value of the area in guestion is 30% to 70%,
which is suitable for reducing the weight of the actuator
arm 104 and ensuring the rigidity thereocf. 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 tc 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 inscfar as its thickness is
gmaller 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 fornmed a supplenentary bal ance aperture 118. The bal ance aperture 118

pi erces through the actuator armfromthe upper to the %Qmer surface on the Ilongitudinal center line and is
| ocated at a portion on the proxinmal side with respect T0 the rigid area 202 which is defined by the
virtual line 208. The proximal portion of the actuator armis a wide portion contiguous to the pivot

bearing housing 116 and is high in rigidity. Therefore, even if the balance aperture 11B is fornmed therein,
there is little influence on armfluttering and an advantage in wei ght balance can accrue. However, the

present invention includescg;goRfLFULALIFQR Egiwgiggeg ezbbgwaﬂaiggb@Aakngs gk s%%ﬁ% and 200b are expanded
0

toward the proximal portion or the shape there I's changed to enlarge the reéduced thickness, thereby
elimnating the bal ance apeghLuggke bg@éﬂ%_bglgggﬁfb@wEHglggggb%bgga@&p%§i%0qQoanr%Q%p are forned in a
e

symmetric shape with respect to the 10ngitudinal center line, the nasses on both sides of the center line
become equal to each other, agaat hah, t Beer@smil! 8k B mBAr aCkabbIbhenddah N1l on of the actuator arm 104

is not deteriorated. in this enbodi nrent the boundaries 204a and 204b bétween the fl ow uniform zing 23
aperture 118. The balance aperture 118 pierces through the
actuator arm frem the upper to the lower surface on the
longitudinal center line and 1s located at a portion on the
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 contigucus to the pivot
bearing housing 116 and is high in rigidity. Therefore,
even 1f the balance aperture 118 is formed therein, there
ig 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, sc that the
oscillation characteristic against torsion of the actuator

arm 104 is not deteriorated. In this embodiment the

boundaries 204a and 204k between the flow-uniformizing



areas and the rigid area are forned in an arcuate shape, which shape, as will be described later, is not
only effective in suppressing the armfluttering but also extrenely easy to machine. The arcuate boundary
shape is also suitable for enlarging the area of the rigid area on the proxinal side of the actuator armto
inprove rigidity. In the case of form ng the bal ance apérture 118, the shape in question is suitable for
enlarging the distance fromthe closest edge of the bal ance aperture to ensure rigidity. [00351 It is
possible to assune a natural frequency for the actuator arns 104a to 104f while a cantilever rigid

structure nodel is assuned in which the pivot shaft 110 is wused against a force acting in a direction

erpendicular to the rfa f e I i a e. er. nmal l er the nma of the ti
perp Icu su G8aag ahB tﬁggg?ghﬁ QE%EZa%%gﬁbgmgﬁelnGgﬁ a?h e Eﬁﬁ§ﬁgf SS Ip

end portion and the higher the spring ri ity, er t nat ur a requenc the cantilever. An

increase in the natural fregueppysh§pds ak0y@16€ELeASE A @thﬁEgge-iEhﬁﬁ%kaﬂy'in the actuator arns 104a to
104f it is necessary that the arcuate "boundaries 204a ang 204b of 't he ow uni‘form zi ng areas 200a and 200b

be formed so as to overlap gaeh.etber inwghf)'gsre\ée%g RheVarh tftnﬁtrclegiiﬂ?%% 292 rom being separated into the
proxi mal side and the distal side. A portion around the swaging aperfure 122 on the distal side of each of

the 24 extremely easy to machine. The arcuate boundary shape is
also suitable for enlarging the area of the rigid area on
the proximal side of the actuator arm to improve rigidity.
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 1s 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 gspring 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
as a |lowering of the natural
[0036] [Motion of Air Flowin FlowUniformzing Area and Rigid Area] Fig. 6 is a diagram

nount i ng
frequency.

expl anat ory of operation of the

accuracy for the HSA 102, but there is no such an influence

f1 ow uni forni zi ng areas?200a, 200b and rigid area 202 of

104b shown in Fig. 5. The actuator arm 104b has an upper surface and a | ower surface which are

symetric
ref erence
addi ti on,
di sks 22a
and | ower

surfaces, respectiyvely, of actuator arm 104bh. The .ai,r flows W an
end 206a to the side end 20§bl,glc%/ﬁl§teai ?%%f rl&nqréfetr {%(9 S %lgq.h é{eq]ﬁeet' h%tle{?:cf‘ffgtt
are not formed in _the rigid ar the flow_ uni.form zin
ance aperture-indiced tu b%PI‘$%¥1§§§%§%%B Bae (he- 27 s

apertures
such a bal

shape with respect to a virtual center plane 212. In the follow ng description,

the actuator arm

formed in a

t herefore,

nuneral s are assigned for only the upper surface, and they hold true for the bottom surface. In
uator arnms. As magnetic

they also hold true for the u r. and hottom surfaces of . the other t
and 22b rotate i % QC(ﬂ’lrr M%ﬁ%&a ary 2]\/94150 thér &lafrt:lecrté’dt%]de’éitr%aql Wt and W2 on the upper

en

as a lowering of the natural frequency.

[003¢6]

[

aa[neaisnglouzearicezozb’ and

[Motion of Air Flow in Flow-Uniformizing Area and Rigid

Areal]

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

flowg W11 and W12 on the upper and lower surfaces,

respectively, of the actuator arm 104b. The air flows Wll

and W12 move from the side end 206a to the side end 206b,

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

W2 nove fromthe side
¥ arm 104b, bal ance

t herefore



has been descri bed above in connection with Fig. 2 does not occur. In Fig. 6, the portions where turbul ent
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 ends 206a and 206b_whi ch are orthogonal to the air flow W1, the slant
surfaces 210a and 210b are of a structure difficult to %%velop a turbulent flow because of Ilittle change in
flow velocity. [00371 Further, in conparison with the conventional actuator armshown in Fig. 2, the

t hi ckness of the flow uniformzing 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 tothe air flowwth the result that the
force which the side end 206a rgpe|v§§ fro the air flow al s .decre §b§1 Th%b ni tuge of a change of the
force acting on the actuat To&655Gaé eg AR i ﬁPHPF ey 6% g§%1 Ytoportional to the force

based on the air flow In %%%5&10n¥ t@e f0éce whi ch Ehe act.uat or arn1% P #n ergoes fromthe air fl ow
appears as a change in rotational %rqﬁ% ht%?%xp%ﬁli?ﬁﬁ Q%Ees%%f?u 98¢ Tha¥Forartbnal torque acting on

the actuator arm 104b is prioportion the stanc hetween th i V. z%&? and the actuator arm
104b. Thus, if the bal ance aperture%ﬁg%l %I e Efrgmerrﬁl?leps& cleélsffgt He 2

206b and slant surfaces 210a, 210b. However, in comparison
with the side ends 206a and 206b which are orthogonal to
the air flow Wll, the slant surfaces 210a and 210b are of a
structure difficult to develop a turbulent flow because of
little change in flow velccity.

[0037]

Further, in comparison with the conventional actuator
arm shown in Fig. 2, the thickness of the flow uniformizing
area 200 1isg 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 decreaseg. The magnitude of a change of the force
acting on the actuator arm 104b due to a turbulent flow is
probably roughly proporticnal 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
rotaticnal torgue centered on the pivot shaft 110.

The rotational torgque acting on the actuator arm 104b is
proporticnal 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 form ng the bal ance aperture on the
distal side even if there occurs a turbulent flow therein. On the distal side distant fromthe pivot shaft
110, the air flow does not exert a great change of torqgg on the actuator arm 104. [00381 Fig. 7 is a

di agram expl aining notions of an air flow created by the”nmagnetic disk 22 during high-speed rotation in the
flow uni form zing area 200 whi ch has arcuate boundaries 204a and 204b fornmed 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 wth the side end 206a and the slant surface 210a of the actuator arm 104b. On the other hand, in

Fig. 7 there will be explalned Fr fl.ow noti,ons mn gﬁres L th act.uator arm 104b which is
rom

. 1VO influ e e %el a
i nfl uenced by an air flow greate Re &agnepl 4°87d *22b6 °%th §1§1551 ds true for the other

actuator arms. [00391 An a'rFgéfgfcﬁg§h§%ﬁ°?ﬁ5h%ﬂﬁ%EE%C%P%Ethg% g%%pl%ﬁ§yéﬁ<g§é(hulng rotation of the disk

moves in the circunferentia ecfiono the t rack fecti*6ir. As shown in Fig. 7, as

the actuator arm104b is myed 4@ the. QULRL RS LPRELAL 1 LLRCk 13 Ae HQl e MBYNeRLC 27
distal side distant from the pivot shaft 110, the air flow
does not exert a great change of torque on the actuator arm
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 gside 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
helds 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., 1in the track
direction. As shown in Fig. 7, as the actuator arm 104b is

moved to the outer peripheral track side of the magnetic



disk 22, an air flow WL3 generated on the magnetic disk 22 enters the side end 206 obliquely at a snall
incidence angle. It is presuned that the air flowis separated into a conponent advancing toward the flow
uni form zing area 200a fromthe side end 206a and a cou??nent whi ch bends toward the spindle shaft 26 of
the magnetic disk 22 as a result of collision thereof h 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 is
separated into a conponent that collides wth the boundary 204a and bends al ong the slant surface 210a and
a conponent that gets over the rigid area 202. The flow uniform zing area 200a of the actuator arm 104b in

this enbodi ment is providedd%%khzghea%r%qﬁl%lggy%q%réﬁﬁ%ﬁgﬁe%egge%%e;91 rkghgigggﬁbqﬂp the flow uniform zing

area, so that the air flow conponent that collides € sl'ant” surface rmed in the boundary 204a

and bends can nove al ong tg%tg%gugpg gqg%d%EE:2B%i%bhqaﬁgqugﬁe%ggﬁ%lqp@?ﬁg j cuous as the actuator arm

104 approaches the outer peripheral track on t he magnhet ere velocity of the air flowis

gbgg.tggu;iri$lgapcge sai d that .t hig §§g$gg$?£é%stﬁ%@t@ﬁgQa{prfﬁg@pigsgéﬂgrgpgdaiHE5Iuttering. [0041] Also
nponent that gets ov the 2

a component advancing toward the flow uniformizing area

200a from the side end 206a and a component which bends

toward the spindie shaft 26 of the magnetic disk 22 as a

result of cecllision 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
gide end 206a is separated into a component that collides
with the boundary 204a and bends along the slant surface
210a and a compenent 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 ig 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
smal l er angle than the angle of the machined slant surface, that is, it gets over a gentle slant surface,
whereby the change in flow velocity of the air flow bec S%ES smaller. Also even the air flow noving fromthe
rigid area 202 to the flow wuniform zing area 200b noves“down to the flow uniform zing area 202b at an angle
gentler than the angle of the machined slant surface and al ong the arcuate boundary 204b, so that the
change in flow velocity of the air flowis small. Thus, in the flow uniform zing area 200 which has the
arcuat e boundary 204 between the rigid area 202 and the fIOM/unifornizing area 200, it is possible to

decrease a change in veloc&géurbbﬁgaog aw% 04§?gb?ﬁgweh%w a%??%e% t5-di ey QEJQﬂl and hence possible to

prevent the occurrence of a ul ent e Actuator Arn1Un|t] The actuat or

armunit 120 according to tgugnteggggbggnblbg fapg|§ﬁgfgk$y¢:fq§@gaééyangﬁg%péggaﬁ f=Si X actuator arns 104a

to 104f, pivot bearing housing 116 and coil support 106. This is intend or appfication to a plural disk

stack which is required witRyan LREr8ASee Br $HQ' a]g%h%eam tlssncef st¢ RYneli ¢ digsk s¢rive. Aluminumis
generally used as the material of the actuator armunit

gets over a gentle slant surface, whereby the change in
flow velocity of the air flow becomes smaller. Alsc even
the air flow moving from the rigid area 202 to the flow
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 cccurrence
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
armunit may also fabricated by using a rigid plastic material,

to fabricate the actuator armunit.
subjecting it to extrusion or drawi ng and a

The act uat or

subsequent nmachining finish. In this enbodi ment, first umnumis subjected to die casting in an external
formwhich is continuous in the axial direction of the vot shaft 110 to forma rod-1ike actuator stock.

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

subj ected to machining for external

shape and t hen

subjected to sinultaneous cutting for plural actuator arns 104 which require a high degree of accuracy.
arm 104, which is a snmall, but elongate part, is subjected to machining while being

Si nce each actuator

integral with the pivot

of a thermal strain.

one side at a tine.

di ssipated to a satisfactory”extent

Ther ef ore
gang cutter, are arranged a
together with the slant sur

In th|

beiﬁhﬂlgnp%“?tfs”%uﬂ@bl'et fo§r %%9.% S%%%h&%ed]a%‘%t%ﬁr E‘dl%oucaa[ et“%t to induce any influence

r's “of shar p

edges, called

fc.%“rf%;iéat%”q teoa ft?lrarE‘ 15:' %‘é’amu%ﬁ%r mﬁ'lé‘gaéﬁﬁ’é‘éo?o%@fuﬁ# arge nutual spacing

aces In t acent actuator arns

e actuator

stock is cut

9a§§sob?%l3r§.'cg%§ ”%39 08 %) tof tg‘g'dt ?Og%‘&isi!gygﬁt’értl@ﬁ,p” mary process, heat is

ecause t e anoun
subjecting it to extrusion or drawing and a subsequent

machining finish. In this emboediment, first aluminum is
subjected to die casting in an external form which is
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 simultanecus cutting for plural actuatcr arms
104 which require a high degree of accuracy. S8ince 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 cutters serve as they are as
boundari es 204a, 204b and sl ant surfaces 210a, 210b. Gg§$g through the primary process of formng the flow
uni form zing areas permts dimnishing the cutting |oa n the secondary and subsequent processes to |essen
t he machi ning heat for the stock. To separate the adjacent actuator arnms 104 and forma rigid area, it is
necessary to select a direction in which the nmachining heat is transmtted uniformy. Therefore, the stock
is cut several tines fromthe tip end swaging hole side along a I|ongitudinal center |ine by nmeans of

cutters (gang cutter) of diffketent outside gi%gﬁk%h% tq fanman tvatorn, arjp 104, fhereafter, as needed,
g p 195 P %3 ae?' i XQ 5rocess

bal ance aperture 118 and swagin aperture are formed, a ni shi process is perforned. The bal ance

aperture 118, etc. nay be fg%g%gsgﬂsethgu§gqg% ?%ef%ﬁghngngggrﬂgkgﬁég%f%%@pgﬂdTQHﬁgtsince the actuator arm

unit 120 according to this I'ment "has the ow uni form zin which i's adj acent to the rigid
area 202 at the arcuate boundapys204. there accrues an advantage that the nachining is not so conplicated
even in conparison with the conventional structure wherein bal ance 31

[0044]

Cutting traces of the sharp-edge milling cutters
serve as they are as boundaries 204a, 204b and slant
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
geveral 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

compariscon with the conventional structure wherein balance



apertures are fornmed |like a |adder. [00451 [Another Enbodinent] Fig. 8 is a plan view of an actuator arm
unit 300 according to another enbodi nent of the present invention. A main surface of an actuator arm 302 is
provided with a rigid area 306 at a portion extending longitudinally centrally thereof and flow uniform zing
areas at portions extending on both sides of, Iongitudi%glly in adjacency to the rigid area 306. The fl ow
uni form zing areas 304 and the rigid area 306 are forned also on the other main surface corresponding to
the back side of Fig. B. The flow wuniform zing areas 304 and the rigid area 306 are each fornmed in a
substantially flat shape. The flow wuniform zing areas 304 and the rigid area 306 forned on the obverse main
surface and those formed on_the reverse [ ace a ed%g%roxinately parallel to each other. The

in urf
t hi ckness of the flom1unifoFﬁF%FHﬁeareggn??r?Ga)90 0% of ““tHe thickness of the rigid area. Also in this

enbodi nent, if the area of b?gSE:om/unifornizing areas 304a and 304b is set at 10%to 70% of the total area
of both area of the flow uniform zing areas 304a, 304b and area of the rigid area 306, it is possible to

reduce the wei ght of each zmqéﬁgégefnégﬁgggﬁgﬁ%ye the rigidity thereof. [0046] 32

Fig. 8 is a plan view of an actuatcor arm unit 300
according to another embodiment of the present invention.
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
gset 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 enbodiment, a balance aperture is not provided, but instead boundaries
308a and 308b between the flow uniform zing areas and the rigid area are forned rectilinearly. Sl ant
surfaces may be formed in the boundaries. Instead of foruing a balance aperture, the flow uniform zing
areas 304a and 304b are extended longitudinally to the %roxinal side to a greater extent than in the

enbodi nent illustrated in Fig. 4 to take weight balance. The flow uniform zing areas having such a shape of
boundari es can be formed by die casting or machining, but machining thereof is generally difficult in
conparison with arcuate boundaries. However, the om ssion of a bal ance aperture permts suppression of the

arm fluttering and there can be Qgtghgegc§uggogfggﬁt§n§§ the O%egﬂﬁgi%%b%%ﬁ Eghtaand a decrease of a change
a shape o

in flow velocity of an air flow The actuator arm having Such a 'ow uniform zing areas is al so

included in the concept oaggggngéeﬁsggthggqui Rt %Q%%EQ§AIIQQQQQde%d@W§% d1vwention has been descri bed
ot ! t PR ‘

above by way of specific e iments illustrated in raw ngs, It goes w thout saying that the present

invention is not linited toshhg ahaveogBbedigRRLS £ AU 1LRAlNARB KRRy GRS UGld Q3% My be adopted insofar
as the effects of the present invention are obtained. 33

rigid area are formed rectilinearly. Slant surfaces may be
formed in the boundaries. Instead of forming a balance
aperture, the flow uniformizing areas 304a and 304b are
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 cbtained 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 inventiocn.

[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 emboediments, but that any known
constructions may be adopted inscfar 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 diagramexplaining notions of air flows in a balance aperture
formed in the AHSA shown in Fig. 1. [Fig. 3] . 3is a '§gran1shomjng a schematic construction of a magnetic
di sk drive according to an enbodi nent of the present invention. [Fig. 4 Fig. 4 is a perspective view of an
actuator armunit enployed in the enbodinent. [Fig. 51 Fig. 5 is a sectional view taken on line B-B of the
actuator armunit shown in Fig. 4. [Fig. 6] Fig. 6 is a diagramshowi ng notions of air flows in flow
uniform zing areas and a rigid area in an actuator arm wused in the enbodinent. [Fig. 71 Fig. 7 is a diagram

showi ng notions of an air flow;ip DEQErEb@WbH”B%OEﬁEZb@%wﬁk@%ﬁ and the rigid area. 34
[0048]
[Fig. 1]

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 actuatcr 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 cof air flowg 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. 81 Fig. 8 is a plan view of an actuator arm according to another enbodi nent of the present invention.
[ Expl anati on of Reference Nunerals] [00491 20 magnetic disk drive 22 magnetic disk 24 enclosure base 26
spindle shaft 28 margin |lip 30 ranp 32 voice coil yoke 24 outer crash stop 36 inner crash stop 100
actuat or head suspension assenbly (AHSA) 102 head suspensi on assenbly (HSA) 104, 302 actuator arm 106 coi
support 108 voice coil 110 pivot shaft 112 |oad beam 114 flexure 116 pivot bearing housing 118 bal ance
aperture 120, 300 actuator armunit 35

[Fig. 8]

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 wvoice coil yoke

34 outer crash stop

36 1inner crash stop

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

106 coil support

108 voice coil

110 pivot shatft

112 load beam

114 flexure

116 pivot bearing housing

118 balance aperture

120, 300 actuator arm unit



122swagi ng aperture 124pivot aperture 200, 304fl ow uni form zing area 202, 306ri gid area 204, 308boundary between
flow uniform zing area and rigid area 206 side end of actuator arm 208, 209 virtual line 210 slant surface
212 virtual center plane 36 [ Nane of Docunent] d ains [BC_;I) aim1l] Arotating disk storage device conprising: a
rotating disk storage nmedi um supported rotatably on a base; a head accessible to said rotating disk storage
medi um and an actuator armcarrying said head thereon and supported on said base for pivoting novenent,
said actuator armincluding a nmain surface spreading in a pivoting direction thereof, said main surface
having a longitudinally centrally extending rigid area and a flow wuniform zing area adjacent to said rigid
area and thinner than said kh0i : ' w uni form zing area being fornmed in a longitudinally

extendi ng, substantially fl étﬁb S%a%rl% asﬁ?éldtdllé)

124 pivot aperture

200, 304 flow uniformizing area

202, 306 rigid area

204, 3208 boundary between flow uniformizing area and
rigid area

206 side end of actuator arm

208, 209 wvirtual line

210 slant surface

212 virtual center plane



shape. [Caim?2] A rotating disk storage device according to claiml, wherein said flow uniformzing area is
formed on both sides of said rigid area. [Caim31 A rotating disk storage device according to claim1,
wherein said nmain surface includes a first main surface d a second nmain surface, and said rigid area and
said flow wuniform zing area are fornmed on each of said first and 37 second main surfaces. [Claim4l A
rotating disk storage device according to claim3, wherein the flow uniformzing area formed on said first
mai n surface is substantially parallel to the flow uniformzing area fornmed on said second nmain surface.
(Cdaimb51 Arotating disk storage device according to claim4, wherein said rigid area includes a
substantially flat surface, and the thickness of said flow uniformzing area is in the range of 30%to 70%

of the thickness of said rﬁ%d%ea%%aDJagﬁQdeiﬁﬂﬁﬂé§aIi”9 di sk storage device according to claim1, wherein
said main surface includes an aperture i n a

[Claim 1]

A rotating disk storage device comprising:

a rotating disk storage medium supported rotatably on
a base;

a head accesgsible to said rotating disk storage
medium; and

an actuator arm carrying said head thereon and
supported on sald base for pivoting movement, said actuator
arm including a main surface spreading in a pivoting
direction thereof, said main surface having a
longitudinally centrally extending rigid area and a flow
uniformizing area adjacent to said rigid area and thinner
than said rigid area, said flow uniformizing area being
formed in a longitudinally extending, substantially flat
shape.

[Claim 2]

A rotating disk storage device according to claim 1,
wherein said flow uniformizing area is formed on both sides
of said rigid area.

[Claim 3]

A rotating disk storage device according to claim 1,
wherein said main surface includes a first main surface and
a second main surface, and said rigid area and said flow

uniformizing area are formed on each of said first and



position between said rigid area and a proximal portion of said actuator arm [Caim71 A rotating disk

st orage device according to claim1,

wherein said flow uniformzing area is adjacent to said rigid area
al ong an arcuate boundary. [Caim81 A rotating disk storgge devi ce according to claim1,

wherein said nain

surface includes a slant surface forned at a boundary bétween said flow uniform zing area and said 38 rigid
area. {Caim91 A rotating disk storage device conprising: a rotating disk storage nedi um supported

rotatably on a base;
sai d head thereon and

a head accessible to said rotating di sk storage
supported on said base for pivoting novenent, said actuator armincluding a main

medi um and an actuator arm carrying

surface spreading in a pivoting direction thereof, said main surface having a longitudinally centrally

extending rigid area and a EE%%nduﬁhﬁ%r@'ZE%%earea adj acent to said rigid area and thinner
area, said flow uni form zi ng area

eing
[Claim 4]

A rotating disk storage device according to claim 3,
wherein the flow uniformizing area formed on said first
main surface is substantially parallel to the flow
uniformizing area formed on said second main surface.
[Claim 5]

A 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 &)

A rotating disk storage device according to claim 1,
wherein gaid main surface includes an aperture in a
position between said rigid area and a proximal portion of
said actuator arm.

(Claim 7]

A rotating disk storage device according to claim 1,
wherein said flow uniformizing area is adjacent to said
rigid area along an arcuate boundary.

[Claim 8]

A 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

than said rigid

ormed in a | ongitudinally extendi ng, substantially flat



shape; wherein said actuator armis fornmed by cutting an actuator stock forned by die casting, extrusion, or
drawing. [Caim101 A rotating disk storage device according to claim9, wherein said actuator stock is a
nmetal and said actuator armis forned by cutting said agguator stock with a mlling cutter. [Claim1ll] A
rotating di sk storage device according to claim 10, 39 erein, when said actuator arm being forned, said
rigid area is forned after formation of said flow uniformzing area. [Caim112] A nethod for producing the
actuator armas recited in claim10, wherein a plurality of actuator arns are formed by cutting said
actuator stock with a plurality of stacked mlling cutters simultaneously. [Claim131 A rotating disk
storage device according to claim1l2, wherein each of said plural actuator arns has a first main surface
and a second nmai n surface, @qgiﬁag ol gidarea and said flow uniformzing area are formed on each of said

. . . .
first and second main surfaces of each of said actuator arns.

[Claim 9]

A rotating disk storage device compriging:

a rotating disk storage medium supported rotatably on
a base;

a head accessible to said rotating disk storage
medium; and

an actuator arm carrying said head thereon and
supported on said bkase for pivoting movement, said actuator
arm including a main surface spreading in a pivoting
direction therecof, said main surface having a
longitudinally centrally extending rigid area and a flow
uniformizing area adjacent to said rigid area and thinner
than said rigid area, said flow uniformizing area being
formed in a longitudinally extending, substantially flat
shape;

wherein said actuator arm is formed by cutting an
actuator stock formed by die casting, extrusion, or drawing.
[Claim 10]

A rotating disk storage device according to claim 39,
wherein said actuator stock is a metal and said actuator
arm is formed by cutting gaid actuator stock with a milling
cutter.

[Claim 11]

A rotating disk storage device accerding to claim 10,



[Claim14] A rotating disk storage device according to claim 10, wherein said flowuniformzing area is

adj acent to said rigid area along an arcuate boundary which confornms to an external formof the mlling
cutter. [Gaim151 A rotating disk storage device accordy,gg to claim 14, wherein said nmain surface includes
a slant surface at the boundary between said flow uniformzing area and said rigid area. 40 [Claim161 A
rotating disk storage device according to claim9, wherein an area of said flowuniformzing area is in the
range of 10%to 70% of a total area of the area of said flow uniform zing area and an area of said rigid
area. [Caim1l7] Arotating disk storage device according to claim9, wherein said flow uniform zing area
is formed in a symmetric shape with respect to a |ine passing through a |ongitudinal center of said rigid

area. [Claim181 A rotating ?‘ Z, to %% g%\{ldc% %%Q:rg_u ng.f %egl @ @O%me&/m%ra@dﬁ ﬂ% ;aperture is formed on a
Inal’

proxi mal side, in the |ongi rectl on, Sad étuarar
area is formed after formation of said flow uniformizing

area.
[Claim 12]

A method for producing the actuator arm as recited in
claim 10, wherein a plurality of actuator arms are formed
by cutting said actuator stock with a plurality of stacked
milling cutters simultaneocusly.

[Claim 13]

A rotating disk storage device according to c¢laim 12,
wherein each of said plural actuator arms has a first main
surface and a second main surface, and said rigid area and
gsaid flow uniformizing area are formed on each of said
first and second main surfaces of each of said actuator
arms.

[Claim 14]

A rotating disk storage device according to claim 10,
wherein said flow uniformizing area is adjacent to said
rigid area along an arcuate boundary which conforms to an
external form of the milling cutter.

[Claim 15]

A rotating disk storage device according to claim 14,
wherein said main surface includes a slant surface at the
boundary between said flow uniformizing area and said rigid

ared.
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[Claim 16]

A rotating disk storage device according to claim 9,
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 an area of said rigid area.
[Claim 17]

A rotating disk storage device according to claim 9,
wherein said flow uniformizing area is formed in a
symmetric shape with respect to a line passing through a
longitudinal center of gaid rigid area.

[Claim 18]

A rotating disk storage device according to claim 9,

wherein an aperture is formed on a proximal side, in the

longitudinal direction, of said actuator arm.



