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: | NVENTI ON ,mmmwmm US AND ACTUATOR HCLDINS NETHCD BACKGREUPD OF THE

INVENTLCN_Ihe_pLesant i nvention relates to a di sk apparatus tor

recording in and/or reproducing information froma rotating di sk- shaped

medi um and M’mwmw’wﬁm’ﬁ’ hol ding nethod-forl hel ding an actuator, which has a
recordin w roduci ng . head nounted on its distal end, in a

par ki ng positiomoed0 Conventionally known is a magnetic di sk apparatus

t hat conprises a spindle notor forrropat tRg anvBghebhc di sk and a voice

coil notor (see Jpn. Pat. Appln. KOKAl Publication No. 7-176152, for

exanpl e). The RISKARRARATIR GINDVACHSATOR dHOLBING , MBhHOD has a 15

magnetic head mounted on its distal end, thereby noving the nmagnetic head

substantially in the radi al BAMCKEROUDD éﬁF F(I}irE cﬂI\B/lEI\?]IrdoI‘gperatl ng }hfhe

netic di sk appar the pagnetic disk is rotate y neans o
gggndle 20 ﬁDtOPp éﬁp?kRF%&ﬁ%%Ibﬂv?%t%%ﬂnﬁeb@tﬁéah@ af dLAk ¢ppesatusil
not or . reupqir&ili neti.c hea on the istal end of the actuator is
ia

noved substant | rlébllaaﬂ R FERRAM IR RT QRN bHR { FEORedd | s

rotating disk-shaped medium and an actuator holding

method for holding an actuator, which has a_reéording
and/or reproducing head mounted on its distal end, in
a parking position.

10 Conventionaliy known is a magnetic disk apparatus
that comprises a spindle motor for rotating a magnetic
disk and a voice coil motor (seé Jpn. Pat. Appln.
KOKAI Publication No. 7-176152, for examplé). The
voice coil motor swings an actuator, which has a

15 magnetic head mounted on its distal end, thereby
moving the magnetic head substantially in the radial
direction of the disk.

In operating the mégnetic disk apparatus, the
magnetic disk is rotated by means of the spindle

20 motor, and the actuator is swung by means of the voice
coil motor. Thereupon, the magnetic head én the
distal end of the actuator is moved substantially in
the radial direction of the disk, and the head is
opposed to a desired track of the disk. In this

25 state, information is recorded on and/or retrieved
from the track.

The magnetic disk apparatus.is provided with a



opposed to a desired track of the disk. In this 25 state, information is
recorded on and/or retrieved fromthe track. The magnetic di sk apparatus
is provided with a 2 retracting and | ocking nechanismthat retracts and

| ocks the actuator to the inner periphery of the disk when not in
operation. By |ocking the actuator to the inner periphery of the disk by
“.means of the retracting 5 and | ocking #echanism the magnetic head can be
prevented from unexpectedly noving to an effective region of the nagnetic
di sk and fromtouching the disk when the actuator is not operating. The

retracting and kegkhbgimgchan $8kAnLUARShAN1 LA %erbk@t9§&8§ngﬂa magnet

fixed integrally to the rear end portion of the actuator and [ower and

upper fixed yoReskkshahevaetuaablytbokdet hanper paRrepherggpet thet wegr t hem
The permanent magnet and the | ower and upper yokes constitute a nagnetic
circuit for urgwhgn ©b6tt he aptwatdontowBydlbheihgnehepeatipheoy 06 the di sk.
As the actuator rotates, the novabl e permanent nagnet noves al ong a gap
bet ween t he Ioméﬂnaﬁdpapaéheryxed thekds skThy pepnbevfiethet hetraweingnd
upper fIXSd yokes 20 is gradually narrowed toward a | ock position for the
actuator 2o thafhd ﬁﬁ?#ﬁﬂﬁ1ﬁﬁ§ﬁéﬁﬂémWoFbé Baggepict head can be

prevented from unexpectedly moving to an effective
region of the magnetic disk and from touching the disk
when the actuator is not operating.
The retracting and locking mechanism includes a
10 movable permanent magnet fixed integrally to the rear
end portion of the actuator and lower and upper fixed
yokes that vertically hold the permanent magnet
between them. The permanent magnet and the lower and
upper yokes constitute a magnetic cifcuit for urging
15 the actuator toward the inner periphéry of the disk.
As the actuator rotates, the movable permanent magnet
moves along a gap between the lower and upper fixed
yokes. |
The gap between the lower and upper fixed yokes
20 is gradually narrowed toward a lock position for the
actuator so that a maximum magnetic force acts on the
movable permanent magnet in thé lock position. Thus,
the actuator can be securely locked in the lock
position.
25 In operating the actuator, however, it must be
unlocked. Therefore, the magnetic retention of the

actuator in the lock position must be set to a value



novabl e permanent magnet in the |lock position.. Thus, the actuator can be
securely locked in the lock position. 25 In operating the actuator, _
however, it nust be unlocked. Therefore, the nmagnetic retention of the
actuator in the lock position nust be set to a value 3 |ower than a
specific magnetic force such that the actuator can be unlocked. If the
retention exceeds this specific force,~tha aetuator cannot nove fromthe

| ock position. 5 Thus, if an undesired vibration is applied to the
actuator in a nonoperating state fromoutside the magnetic di sk apparatus,

the aforesaid rebwaet tREnaAd spkes ki RIMABRRANICS FoiRRVistall ¥rald Qug the
actuator to nove easily fromthe | ock position. 10 Further, the retracting

and | ocki ng nmechatiiafvef cahhbs uyupeckeel.udes the ewentawrs wapeeds xed
yokes that are |ong enough to cover the whole novenent region of the
nmovabl e per manebhigsagpetificefprakel éheswaictgiangrr aagaodf move datomattdre) .
When information is 15 recorded or reproduced by neans of the magnetic head
on the distal eh@CkfPpfétiaenuator, therefore, a retractive force that is

directed go t he inner perL%hery of  the disk continually acts on the
act uat or . > Accor di ngl y2UEhi & fc8RvERGeSIdIehwaksgitden 1s applied to the

actuator in a nonoperating state from outside the
magnetic disk apparatus, the aforesaid retracting and
locking mechanism inevitably allows the actuator to
move easily from the lock position.

10 Further, the retracting and locking mechanism of
this type includes the lower and upper fixed yokes
that are long enough to cover the whole movement
region of the movable permanent magnet (i.e., whole
swinging range of the actuator). When information is

15 recorded or reproduced by means of the magnetic head
on the distal end of the actuator, therefore, a
retractive force that is directed to the inner
periphery of the disk continually acts on the
actuator. Accordingly, this conventional mechanism

20 has a problem that the continually acting retractive
force exerts a bad influence upon the seeking
operation of the magnetic head, and therefore, upon
information recording and/or reproducing operation.

BRIEF SUMMARY OF THE INVENTION

25 An embodiment of the present invention has been

contrived in consideration of these circumstances, and

its object is to provide a disk apparatus and an



20 has a problemthat the continually acting retractive force exerts a bad
i nfl uence upon the seeking operation of the magnetic head, and therefore,
upon information recording and/ or reproduci ng operation. BRI EF SUMVARY OF
THE | NVENTI ON 25 An enbodi nent of the present invention has been contrived
in consideration of these circunstances,, and its object is to provi-de a

" di sk apparatus and an 4 actuator hol di n‘b nmet hod, capable of holding a
nonoperating actuator securely and steadily in a parking position wthout
exerting a asddRtPRhplding meliesh capabier ofiqldRg Pe FEPAPPIRRE FCHHatPE RSB ng
operation. In order to achieve the above feature, a disk apparatus _
accor di ng tandasteBdils ipez padfing pesition avithouh exartipg @b ark inflaengetipadd in claim 1
of the appended clains. According to another aspect of this invention,
there is pripforehation reedrding ardiodasproducing opkerdtion8. The di sk appar at us may

i ncl ude a hol di ng nechani sm which holds the actuator in a parking position

in which the head dr@ePld actie R fHeCabAR fedflireNa fsktdppardfisdictlordifgt@adi Ng to
an enbodi ment of the present invention described above, the actuator

havi ng the dt bESAveIh ifh@.g)rBﬁHH? RYdinebe C%kLgF%h%?%é%@égéﬁlé‘mQy

means of the first magnetic tdrce If the actuator i I ng
POSLL o0 1= e e Mo Rl Slhosht LGB, HieRO8 B k™
as defined in claim 8.
The disk apparatus may include a holding mechanism which holds the
actuator in a parking position in which the head is off an effective region of the
10 disk:

According to an embodiment of the present invention described above,

the actuator having the head thereon can be returned to the parking position



5 such that it can be returned to the parking position by neans of the
first magnetic force, it can be returned at least to a position in that
range '‘by means of the second magnetic force. If the actuator is noved to
a position in a range such that it cannot be 10 returned to the parking
position by neans of the first magnetic force, therefore, it can be
returned by neans of the second nmagnet+c $oree to a position in the range
of action of the first nagnetic force.. Thus, the range in which the
magnetic force for returning 15 the actuator to the parking position acts

can be |engthebgdmeByissuyift 2bky rsekli RAghRe i-arge f 1&Ctihan 42 e second
magnetic force, noreover, an appropriate nagnetic force can be applied to

the actuator beheid 1nhEhbeadrk¢&ghpsstho&fﬁ%Chhé&pb@@b@&yoﬁebhﬁt@kﬁk and
20 the information recordlng and/ or reproducing operation can be prevented
from bei ng advef§@mythﬁféér dngBRPEE tDESCRYPEXONreR 1 THErSEVERAL VI EWS OF

THE DRAW NG The acconpan |ng drawi ngs, which are incorporated in and
constitute a paf¥aBPlepe hei egtrahor26si mpyetr averpassdngent saniet he

|nvent|on and togﬁtgg ¢ Lth thg general description given above and the
det ai | ed descrlﬁ? £t he EfBo Pnﬁﬁ?grﬁﬁéeﬁobé §wparkgngsppgétienexpl ain

Lhe Drinciples B hBenknyeNthenes rBt Gradnbt;d B6REIR hg Yigvpghowing a

returned at least to a position in that range by means
of the second magnetic force. If the actuator is
moved to a position in a range such that it cannot be
10 - returned to the parking position by means of the first
magnetic force, therefore, it can be returned by means
of the second magnetic force to a position in the
range of action of the first magnetic.force. Thus,
the range in which the magnetic force for returning
15 the actuator to the parking position acts can be
lengthened. By suitably setting the range of action
of the second magnetic force, moreover, an appropriate
magnetic force can be applied to the actuator before
the head reaches the effective region of the disk, and
20 the information recording and/or reproducing operation
can be prevented from being adversely affected.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute.a part of the specification,
25 illustrate embodiments of the invention, and together
- with the general description given above and the

detailed description of the embodiments given below,



di sk apparatus according to an enbodi mrent of the invention; 5 FIG 2 is a
schematic view show ng an actuator incorporated in the magnetic disk
apparatus of FIG 1; FIGS. 3Ato 3C are views illustrating the operation
of first and second magnetic circuits for returning the actuator of FIG 2
to a parking 10 position; FIG 4 is a graph show ng rel ati ons between

" torques the first and second magnetic c+rceaits apply to the actuator and
the angl e of novenent of the actuator; 15 FIG 5 is a viewillustrating an
exanple in which the magnetic material of the actuator is used also as a

second magneticsbaty tbaexpashi theepriheipgeandr FRANSLLEREiRRUIt; FIGS.
6A and 6B are views showi ng nodifications 20 in which the second nagnetic
body is located in diIff.edeis posichiematicFh@ew’ shdwadnyi BWrSk@WwRg an
exanpl e in which the boundary of a permanent nmagnet to which a first
magneti ¢ body i 9i8fpaprarpsushapedrdand 26 EhGemBoHsmanscbeémahic Vi ew
showi ng the elevation, of a VCMincorporated in the magnetic di sk apparatus

Of FIG 1. 7 lnventlon;

5 FIG. 2 is a schematic view showing an actuator
incorporated in the magnetic disk apparatus of FIG. 1;

FIGS. 3A to 3C are views illustrating the
operation of first and second magnetic circuits for
returning the actuator of FIG. 2 to a parking

10 position;

FIG. 4 is a graph showing relations between
torques the first and second magnetic circuits apply
to the actuator and the angle of movement of the
actuator;

15 FIG. 5 is a view illustrating an example in which
the magnetic material of the actuator is used also as
a second magnetic body that constitutes the second
magnetic circuit;

FIGS. 6A and 6B are views showing modifications

20 in which the second magnetic body is located in
different positions;

FIG. 7 is a view showing an example in which the
boundary of a permanent magnet to which a first
magnetic body is opposed is shaped; and

25 FIG. 8 is a schematic view showing the elevation
of a VCM incorporated in the magnetic disk apparatus

of FIG. 1.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the present
invention will now be described with reference to the acconpanying
drawings. 5 FIG 1 is a schematic view of a magnetic disk apparatus (disk
apparatus) 1 according to the enbodinment of the invention. FIG 2 is a
schematic view of an actuator 5 incorporated in the magnetic disk

" apparatus 1. 10 As shown in FIG 1, the-magnetic di sk apparatus 1 has a
case 2 in the formof a substantially rectangular box. In order to expose
the internal structure of the magnetic di sk apparatus 1, its top cover

(not shown) is reaned.ﬁg%gﬁﬁﬁgrgﬁ§t§§%ﬁﬁeﬁn¢#w¥H§nﬁﬁﬁﬁéﬁi5lerotates a

magnetic disk 3 is |located substantia e center a case 2. A

voice coil notor 6 (herenpabiirent’ 8FeehedptasastVENGEhtiBh WL ROLRG the
actuator 5 is disposed outside the nagneFlc disk 3 in the case 2. 20 The

VCM 6 has a nolbleddesctibed (8eeh FHéfe2@nos tbhehéeakcempanyihfe actuator 5,
a substantially fan- shaped pernmanent nagnet 6b for applying nmagnetic fl ux

to the coil 6a,deawinrgs-yoke 6¢ fitted with the pernmanent nmagnet 6b, and a

second yoke 6d (see 25 FIG 8). The permanent magnet 6b and the second yoke
6d are opposed to eabRCotheisSwrt AchpBatsdrl véawpbefweemagnetic disk

apparatus (disk apparatus) 1 accofding to the
embodiment of the invention. FIG. 2 is a schematic
view of an actuator 5 incorporated in the mégnetic
disk apparatus 1.

10 _ As shown in FIG. 1, the magnetic disk apparatus 1
has a case 2 in the form of a substantially
rectangular box. In order to expose the internal
structure of the magnetic disk apparatus 1, its top
cover (not shown) is removed.

15 , A spindle motor 4 that supports and rotates a
magnetic disk 3 is located substantially in the center
of a case 2. A voice coil motor 6 (hereinafter
referred to as VCM 6) for swinging the actuator 5 is
disposed outside the magnetic disk 3 in the case 2.

20 The VCM 6 has a molded coil 6a (see FIG. 2) on
the rear end of the actuator 5, a substantially fan-
shaped permanent magnet 6b for applying magnetic flux
to the coil 6a, a first yoke 6c fitted with the
permanent magnet 6b, and a second yoke 6d (see

25 FIG. 8). The permanent magnet 6b and the second yoke
6d are opposed to each other with the coil 6a between

.them. When the coil 6a that crosses the magnetic flux



t hem

shaft
hol es
coi

When the coil 6a that crosses the magnetic flux 8 of the pernmanent
magnet 6b is energized, the actuator 5 can be swung around a rotating

5a. First and second stoppers 6e and 6f are attached individually to
in the first yoke 6¢c, and serve to limt the 5 novable range of the

6a. A magnetic head 7 is nounted on the swi nging distal

end of the

actuator S. It is used to record in and/og reproduce information fromthe
magnetic disk 3. Wen the actuator 5 is not operating, its distal end 10

is. h
the a
tip o

el d and bound outside the nmagnetic disk 3 by frictional

f orce bet ween

ctuator 5 @@dtﬁerﬁnggnehEahabﬁeEi%BaEEQeBEEHEQQddiiﬁeSaéEgaggﬁgfrts a

f the actuator S. Wen the acCtuator i S norioper ating,

I'n

words, the magngtcenhpadswuhg avagHat adrbrgmindSsanref Eacti v Legion for
recordi ng and reproduction, and the actuator 5 is held in a parking

position. The paekond pvsppeos ke angosit aes whenehad HrAberdHial1gokdi ng

di sk

the ¢

oil éais in contact with the first stopper 6e. 20 Thus,

the ranmp 8

hol ds the actuab®tes in the fpaski mgkpositi sndbgemeansoofihe thiecti onal

force
enoug
exanp

beéween itsel

and the actuator 5. If external force that is great

e
hto resisToYﬁgi?rFEPQSnaf EBeceoid 6applied to the case 2, for

| e, therefore, Ahe

magnetic head 7 is mounted on the swinging

distal end of the actuator 5. It ié used to record in

and/or reproduce information from the magnetic disk 3.

When the actuator 5 is not operating, its distal end

10 is held and bound outside the magnetic disk 3 by

frictional force between the actuator 5 and a ramp 8

that is situated off the disk 3 and supports a tip of

the actuator 5. When the actuator 5 is nonoperating,

in other words, the magnetic head 7 is evacuated from

15 an effective region for disk recording and

reproduction, and the actuator 5 is held in a parking

position. The parking position is a position where a

member for molding the coil 6a is in contact with the

first stopper 6e.

20 Thus, the ramp 8 holds the actuator 5 in the

parking position by means of the frictional force

between itself and the actuator 5. If external force

that is great enough to resist the frictional force is

applied to the case 2, for example, therefore,

the

25 actuator 5 is disengaged from the ramp 8 and moves

unexpectedly from the parking position. In this case,

the magnetic disk 3 is not rotating. 1If the magnetic



25 actuator 5 is disengaged fromthe ranp 8 and noves unexpectedly from
the parking position. In this case, the nmagnetic disk 3 is not rotating.

If the magnetic - 9 head 7 faces the effective region of the nmagnetic disk
3, therefore, they touch each other so that both or one of them may be
damaged. Thus, if the case 2 is undesirably vibrated to 5 nove the
nonoperati ng actuator 5 away fromthe parkgng- position, a nmechanismis
needed to return the actuator 5 autonmatically to the parking position. In
the present enbodi nent, as shown in FIG 2, the return nechanismfor the

t uat 5 incl [ 1Q ' [ 11 d 12. Th
mmgnet ¢ bodi os 1 oand 155 87 (ea Ly URo tPAPToRa e RE SRR GaPdP RS by

mol di ng and spagedtherelierdir eakioRodkn bAen’ adhus Qb $WaRILRkyL! B act uat or
5. More specifically, the first nmagnetic body 11 is 15 situated opposite

the rear end of ohkeosubhheantagl by dhaagshdaped per manent nagnet 6b of the
VCM 6 inits radial direction (wdth direction). The second magnetic body
12 is situated opposiThésthé fwittiehcagier @ctiisomnidearitra@g &fibrae e tanent
magnet 6b, In 20 other words, the permanent magnet 6b is | ocated between
the firstoand sBEBRAdtRRgRERPRepaliag actuakdrlsd. away from the parking

position, a mechanism is needed to return the actuator
5 automatically to the parking position.
In the present embodiment, as shown in FIG. 2,
the return mechanism for the actuator 5 includes first
10 | and second magnetic bodies 11 and 12. The magnetic
bodies 11 and 12 are fixed to the rear end of the
aqtuator 5 by molding and spaced in the direction of
the radius of swing of the actuator 5.
More specifically, the first magnetic body 11 is
15 situated opposite the rear end of the substantially
fan-shaped permanent magnet 6b of the VCM 6 in its
radial direction.(width direction). The second
magnetic body 12 is situated opposite the width-
direction front end of the permanent magnet 6b. In
20 other words, the permanent magnet 6b is located
between the first and second magnetic bodies 11
and 12.
Further, the radially opposite end portions of
the permanent_magnet 6b are.shaped ihdividually
25 corrésponding to the first and second magnetic bodies
11 and 12 and form two protuberances 13 and 14,

individually. The first magnetic body 11 and the



Further, the radially opposite end portions of the permanent nagnet 6b are
shaped individually 25 corresponding to the first and second nmagneti.c
bodies 11 and 12 and formtwo protuberances 13 and 14, individually. The
first magnetic body 11 and the - 10 protuberance 13 constitute a first
magnetic circuit of the invention, while the second magnetic body 12 and

t he protuberance 14 constitute a second magnetic circuit of the invention.
In other words, the first 5 and second nagnetic bodies 11 and 12 and the
two protuberances 13 and 14 are positioned so that the first and second

magnetic cif cui peobehayents Lbecohsth eukBoamenBgE. nlhfctupcLians; el o he

first and second nagnetic 10 circuits wll now be déscri be reference

to FIGS. 3A totRE andeftGond. whiGS. tBA b@ch;dSiﬂgghteh@c bBehgt 1 yeapasi tions
of the first and second magnetic bodies 11 and 12 and the two .

prot uber ances 1Bhanprddubefahbe péroanshitubgnet sébondhinahndepend on the 15
position of swing of the actuator 5. FIG 4 is a graph showi ng the change
of torque that €hECEiEsefahle fe¥endiangnelncothecruwosdappkiet irke

act uat or %, dependi ng on the gosition of swing of the actuator 5. The

. g
actuator 5 is c ?iﬁ%_???_%?%% tiovBrdiefel barRing228nBoshei EWoby the first
and second nagq§£$€u§ééggéé§'l3 and 14 are positioned so that the

first and second magnetic circuits behave in the
following manner.
The functions of the first and second magnetic
10 circuits will now be described with réference to
FIGS. 3A to 3C and FIG. 4. FIGS. 3A to 3C show the
relative positions of the first and second magnetic
bodies 11 and 12 and the two protuberances 13 and 14
of the permanent magnet 6b, which depend on the
15 position of swing of the actuator 5. FIG. 4 is a
graph showing the change of torque that the first and
second magnetic circuits apply to the actuator 5,-
depending on the position of swing of the actuator 5.
The actuator 5 is continually urged toward the parking
20 position by the first and second magnetic circuits.
When the actuator 5 is held in the parking
position by the ramp 8, the swing angle of the
actuator 5 is 0°, and only a first magnetic force that
is generated by the first magnetic circuit acts on the
25 actuator 5. FIG. 3A shows the relative positions of
the first and second magnetic bodies 11 and 12 and

the two protuberances 13 and 14 of the permanent



When the actuator 5
swi ng angle of the
is generated by the

is held in the parking position by the ranp 8, the
actuator 5is 00, and only a first magnetic force that
first magnetic circuit acts on the 25 actuator 5. FIG

3A shows the relative positions of the first and second magnetic bodies 11

and 12 and the two
" 6b. In this state,

prot uberances 13 and 14 of the permanent - 11 - nagnet

the first nmagnetic body;11l.is situated near the

boundary of the protuberance 13 and is attracted by | eakage flux fromthe
pr ot uberance 13, 5 whereby the actuator 5 is bound and held in the parking

position. On the
near the boundar@g%

r-hand, the second nagnetic body 12 is situated not
€'e

TS correspondi ng protuberance 14 but substantially

secon

right under the protghergigesidreThife EDELE gg agtﬁgrﬁb& a@5 ygctor
t hat af e&s t he

conponent of a second magnetic force

magneti ¢ body

12 in the sw ngitgatiedeséapntRé bbenastyaborthe ptotuberBAtef 08CENAS

applied to the case

2in this state, for exanple, the actuator 5 is

slightly 15 rotkegtbnagtédobyt heabagki iuposrémotheaprsbaveranceFLE 3B.
Thereupon, the actuator 5 is returned to the parking position by the first
magnetic ¥ orce Wrereky thesachugheri s térkooiund abdehepdcihithely, if the

parking position. On the other hand, the second

magnetic body 12 is situated not near the boundary of

its corresponding protuberance 14 but substantially

right under the protuberance 14. Thus, there is

10 hardly any vector component of a second magnetic force

that

affects the second magnetic body 12 in the

swinging direction of the actuator 5.

this

If external force is applied to the case 2 in

state, for example, the actuator 5 is slightly

15 rocked away from the parking position, as shown in

FIG.

3B. Thereupon, the actuator 5 is returned to the

parking position by the first magnetic force of the

first magnetic circuit. More specifically, if the

actuator 5 swings from the parking position, the first

20 magnetic body 11 that is situated on the boundary of

the protuberance 13 moves away from the protuberance

13 (or in the counterclockwise direction of FIG. 3B).

However, the first magnetic body 11 is pulled in the

direction (clockwise direction in FIG. 3B) reverse to

25 the swinging direction by the leakage flux from the

protuberance 13, so that the actuator 5 is returned to

the parking position.



actuator 5 swings fromthe parking position, the first 20 nmagnetic body 11
that is situated on the boundary of the protuberance 13 noves away from
the protuberance 13 (or in the counterclockw se direction of FIG 3B).
However, the first magnetic body 11 is pulled in the direction (clockw se
direction in FIG 3B) reverse to 25 the swinging direction by the | eakage
~flux fromthe protuberance 13, so that the actuator 5 is returned to the
parking position. - 12 |If the actuator 5 | eaves the parking position

overpassing a range such that it can be returned to the parking position

B E e ony SEeMBARCLLELALBE0S, 133,200, BabkEhoRE 0 ke Of Tt

hand, the 5 second magnetic fTorce that I's genera éEéﬁB magneti c

circuit then actSefPatPengChualffedsu HuﬁhaEniEhSaﬁtBger§@9¥?$hntglG' 3C,

the second nmagnetic body 12, having noved counterclockw se om under its
correspondi ng ptivé uberRNEE BdsitSohi byahedndOcnephet BerboURdaRYLOE the
protuberance 14. |If the actuator 5is swng to the state shown. in FIG 3C,
t herefore, the fotaoat oss5Sshewnr jedFIGwasd, t b8 pRekbtHerphahd oahby neans of
t he second magnetic force. In consequence, the actuator 5 is returned to
an angul & 15 r3eeendsrageebicFfarcgBfhstichst beheratednbpethet aenedd to the

par ki ng position by neans, of the first nmagnetic
magnetic circuit then acts on the actuator 5.

Thus, in the state shown in FIG. 3C, the second
magnetic body 12, having moved counterclockwise from
under its corresponding protuberance 14, is situated

10 near the boundary of the protuberénce 14, If the
actuator 5 is swung to the state shown in FIG. 3C,
therefore, the actuator 5 is urged toward the parking
position by means of the second magnetic force. 1In
consequence, the actuator 5 is returned to an angular

15 range (state of FIG. 3B) such that it can be returned
to the parking position by means of the first magnetic
force at the least.

According to the present embodiment, as described
above, the first and second mégnetic forces are

20 applied to the actuator 5 at different points of time
depending on the position of swing (i.e., swing angle)
of the actuator, as shown in FIG. 4. Thus, the
actuator 5 can be returned to the parking position by
means of a magnetic force having a torque curve that

25 combines the first and second magnetic forces.

According to the torque curve of the present

_embodiment shown in FIG. 4, the angular range in'which



force at the least. According to the present enbodi nent, as descri bed
above, the first and second nmagnetic forces are 20 applied to the actuator
5 at different points of tinme depending on the position of swing (i.e.,
swing angle) of the actuator, as shown in FIG 4. Thus, the actuator 5
can be returned to the parking position by neans of a magnetic force
having a torque curve that 25 conbi nes_thgsficst and second magnetic
forces. According to the torque curve of the present enbodi nent shown in
FIG 4, the angular range in which 13 the actuator 5 can be returned to

th Ki L1 i.d th ip_t conventional .case
wtthoat 1 ant Pngths RetfigloncsBaR MpCEbchERla, o fReRANEINLOBRLiE308 |

exanple is repr§§ﬁn58dm9aeawieéﬂuﬁhén0§£vﬁhéoéogbs tadsRathengeonly the
first magnetic body is attached to the rear en of the actuator S. If the

peak of torque wsthestraapedngt be aekHahoh thel peQREbEt i8R gEAN benpmoved
fromthe parking position wth a m ninum necessary force. If the angul ar

range 10 in whi ERGt hé, targutoachstoaxhhplactisakteprbseateddered, toraneover,
the actuator 5 can be returned securely and steadily to the parking
position ven t@eugh forithenpeed Wheréroniyhehpafkirng pegheitdm. bbdyt he
present embodl BN ¢ 1 cfed 090 % &t tna 0 the "actuntor 5. "
If the peak of torque.is restrained, the actuator
5 in operation can be moved from the parking position
with a minimum necessary force. If the angular range

10 in which the torque acts on the actuator 5 is widened,
moreover, the actuator 5 can be returned securely and
steadily to the parking position even though it is
moved far from the parking position. 1In the present
embodiment, the swing angle with which the actuator 5

15 can be returned to the parking position can be widened
to about 12° to 13°. The range of this swing angle is
an angular fange covered just before the magnetic head
7 mounted on the distal end of the actuator 5 reaches
the effective region of the magnetic disk 3.

20 Therefore, the first and second magnetic forces that
are generated by the first and second magnetic
circuits never act on the actuator 5 when the magnetic
head 7 faces the effective region. Thus, torque that
is used to return the actuator 5 to the parking

25 position never exerts a bad influence upon the

information recording and/or reproducing operation by

means of the magnetic head 7.



15 can be returned to the parking position can be widened to about 12 to
13. The range of this swing angle is an angular range covered just before
the magnetic head 7 nounted on the distal end of the actuator 5 reaches
the effective region of the magnetic disk 3. 20 Therefore, the first and
second magnetic forces that are generated by the first and second nagnetic
circuits never act on the actuator 5 whenjtshe _magnetic head 7 faces the
effective region. Thus, torque that 1is used to return the actuator 5 to

t he parking 25 position never exerts a bad influence upon the information

recordi ng and/or rep uci er.at) . ean f. t.he magnetic head 7. 14
The present inventioﬁgﬁsgﬁ%%e%inﬁ%@%gg&%%hés eﬁ%bgﬁﬁﬁgﬁdgggbﬁﬁf%d above,

. . : _ :  Chout
and various Cha@ﬂ%%diﬂ@nt”ﬁ@bEk@ﬁbHQBﬁo@%¥_Q%de%%gggﬁg k@gﬁ?k@ QPB ou

departing fromthe scope or spirit of the inven i ona

advant ages and medifieations wakl bel 8&dely caCeuerbdnt R8BSk |1 ed in the
art. Therefore, the invention in its broader aspects. is not l[imted to

the specific detlaphstand fepmesaet atbpe embegiimemnt &£ &h@Wﬂn&adtdéﬁcribed_
herein. Accordingly, various 10 nodifications nay be nade w thout departing
fromthe Sspirit or 8ddp&iehalhedyensegles mnehmiods fioatdpnsawildefined by
the appended Clgggﬁi?gdogggLrtgqghgggegiilled in the art. Therefore,

the invention in its broader aspects is not limited to

the specific details and representative embodiments

shown and described herein. Accordingly, various

10 modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.

In the foregoing embodiment, for example, the two
magnetic bodies 11 and 12 are molded on the rear end

15 of the actuator 5. Alternatively, however, at least
one magnetic body (second magnetic body 12 in this
case) may be formed by shaping the magnetic material
that constitutes the actuator 5, as shown in FIG. 5.
In this example, a lug 20 that functions as the second

20 magnetic body 12 is formed by shaping a pedestal for
molding the coil 6a of the VCM 6.

In the embodiment described above, moreover,.the
first magnetic body 11 that constitutes the first
magnetic circuit in conjunction with the permanent

25 magnet 6b is located near the rear end of the actuator

5, while the second magnetic body 12 that constitutes

the second magnetic circuit is located near the



In the foregoing enbodi nent, for exanple, the two magnetic bodies 11 and
12 are nolded on the rear end 15 of the actuator 5. Alternatively,
however, at |east one nagnetic body (second nagnetic body 12 in this case)
may be formed by shaping the magnetic material that constitutes the
actuator 5, as shown in FIG S. In this exanple, a lug 20 that functions

as the second 20 magnetic body 12 is farmgd by shaping a pedestal for
nol ding the coil 6a of the VCM 6. In the enbodi ment described above,

noreover, the first magnetic body 11 that constitutes the first nagnetic
circuit in conjupeti ' he_permanent 25 nmagnet 6b is |agcated near the
rear end of the ac%E§?8r%hngm§F|gagﬁe%§8c8ﬁémﬁ§§H tF@gBS&y%%ZEF% en
constitutes thensacondowngae!i ¢+ChkCHbbakgak9C8 rotating
shaft 5a with the pernanent magnet 6b be?wegn9 thg%r@ﬁ%&e%gg,%? éFs
necessary only maghethe fbkeb geBeRatied Lor €éBedenesat gdqhyctibe fitsl ¢
magnetic circuit and the second nagnetic force generatéd by the second 5
magneti c circui andethppbeedndt mabeeafior ésard diehbenent bRoithAks sekohidne
dependi ng_on the swing angle of the actuator S. For exanple, the first and
second nAgnetiBageares ¢irgnidtibenappbiéetosst tHei rfbhesapdsidtifdeseatown in

FIGS. 6A and 6B. 10 1In %he_position shown in FIG 6A the second
points of time depending on the swing angle of the

actuator 5. For example, the first and second
magnetic bodies 11 and 12 may be located in the
positions shown in FIGS. 6A and 6B.

10 In the position.shown in FIG. 6A, the second
magnetic body 12 faces the radially inside end portion
of the permanent magnet 6b and is shifted in the
swinging direction of the actuator 5. If the second
magnetic body 12 is located in the position showh-in

15 FIG. 6A, for example, the corresponding inside end
portion of the permanent magnet 6b is shaped to form a
protuberance 14°',. -In this case, the distances of
movement covered by the first and second magnetic
bodies 11 and 12 can be differentiated with respect to

20 the swing angle of the actuator 5. Thus, the degree
of freedom of the design of the two magnetic circuits
can be enhanced.

In the foregoing embodiment, furthermofe, the
first magnetic body 11 that constitutes the first

25 magnetic circuit is located on the outside in the
radial direction, while the second magnetic body 12

that constitutes. the second magnetic circuit is



magneti c body 12 faces the radially inside end portion of the pernmanent
magnet 6b and is shifted in the swinging direction of the actuator 5. If
the second nmgnetic body 12 is located in the position shown in 15 FIG
6A, for exanple, the corresponding inside end portion of the permanent
magnet 6b is shaped to forma protuberance 14'. In this case, the

di stances of novenent covered by the Lfirgtg and second nmagnetic bodies 11
and 12 can be differentiated with respect to 20 the swing angle of the
actuator 5. Thus, the degree of freedom of the design of the two magnetic

[ it b : . he.fqreggi ' t,., furth , th
Firet magnetic Gody T Chal BohSri o o ¥naof Ret 1155, HREnEPPaTE: 1 cui t 1

| ocated on the eutskdgsi Bhbhgebadhahagheesti e0rhi! € st hgase gnetic
body 12 that constitutes theesecondagagneticlgfréuitsisgf%_aﬁggéggd on the

i nsi de. By doi nghthi shatheft ehgquéiretr magaktribecseecand, "BgNghbemCiKCUI t s
made gentler than that of the first magnetic circuit, as shown in FIG 4.
Thus, the extenFIGf #he Tbnguetbaresteah b& thevabirgdebyuekanghagbkhe
radi al positions for the magnetic bodies. Further, the nunber of nagnetic
bodi es foP retVrkifg bPHechanaaner thet vathelpapkingopesitbrothand

magnetic bodies.

Further, the number of magnetic bodies for
returning the actuator 5 to the parking position and
their reépective sizes, shapes, positions, etc. and

10 the number of protuberances formed on the permanent
magnet 6b, corresponding to the magnetic bodies, and
their respective sizes, shapes, positions, etc. may be
changed as required. In short, it is necessary only
that the peak of the torque for returning the actuator

15 5 to the parking position be restricted to a fixed
level and that the angular range for the torque be
widened.

For example, a protuberance 13' corresponding to
the first magnetic body 11 may be shaped in the manner

20 shown in FIG. 7. In this case, the boundary of the
protuberance 13' that faces the first magnetic body 11
is inclined at an angle to the moving direction of the
magnetic body 11, so that the torque that acts on the
magnetic body 11 can be increased as the parking

25 position is approached. Thus, the shape of the.torque
curve of the magnetic circuit can be modified by

changing the shape of the boundary of the magnet that



their respective sizes, shapes, positions, etc. and 10 the nunber of
protuberances fornmed on the permanent nmagnet 6b, corresponding to the
magneti c bodies, and their respective sizes, shapes, positions, etc. may
be changed as required. In short, it is necessary only that the peak of
the torque for returning the actuator 15 5 to the parking position be
restricted to a fixed I|evel and that theigngul ar range for the torque be
wi dened. For exanple, a protuberance 13' corresponding to the first
magneti c body 11 may be shaped in the manner 20 shown in FIG.7. In this
case, the boundap¥] t p I an 3Lt .the first. magnetic
body 11 is incIF%egggtbgﬁ gggﬁggﬁg ?Eg% ESV?%% g?%ﬁ%F%SnBSPythe magneti c
body 11, so that therhotgdeehbaligehs ' cap, he

i ncreased as the parking 25 position igggggﬁgggﬁggsw%ﬁu§9q¥ﬁéé§hagggof t he
torque curve ochaghetiragaértaitkranet feancheppodiiiedi Ry tabapghRgqthe
shape of the boundary of the magnet that 17 applies the magnetic ?qu to
t he magnetic boByux|Aremetkeabpdrmenentesaphbedénbogethaovenver, the
magneti c gircuitf are formed by utilizing the | eakage flux fromthe

per manent> magnett Bproft i Kelyovhewegey t armaghet| $hahofieves, aamaggaeict hat

forms a nagneti C. cirguét betweep itself and a magnetic body may be
circui etween itself and a magnetic body may be

provided independently of the permanent magnet 6b of
the VCM 6. In place of the first and second magnetic
bodies 11 and 12, furthermore, a permanent magnet may
10 be fixed to the actuator 5. TIn this case, the case 2
of the magnetic disk apparatus 1 or the like is
provided with a magnetic body that acts on the

permanent magnet.



provi ded i ndependently of the permanent nagnet 6b of the VCM 6. In place
of the first and second magnetic bodies 11 and 12, furthernore, a '
per manent magnet may 10 be fixed to the actuator 5. In this case, LWO¥DwiSE
2 of the magnetic disk apparatus 1 or the like is provided with a
magneti c body that acts on the perggneat magnet. LLOYD WSE 18 CLAI MVE:
1. A disk apparatus conprising: a spindle-notor which rotates a disk; an
act uat or nDunteghAfHEIhe swi ngi ng distal end thereof, with ahead which
records in and/-6F—€produces information fromthe disk; a voice coil.
not or whi ch swi.ngs the actuator to nove the head substantially in the

radi al -directi én of cilsé dpphrasui eshpEBENgLLC Circuit which. generates a
first magnetic force which acts so as to refurn the actuator to a
par ki ng- posi t i 6n SPHAGKARI BAtPReWhbal rotatésaa efiéective region of the disk

when t he actuatgr ,i viated, fr mthe parking position; and a second
magnet i ¢ circu%t ﬁFEEHQ§5nﬁ?5?E%da_%%c5ha petmeing difsgrade el ch acts in

subst ant | shtyesbe wEER 2 dhégStuls QD A5 L08, TS, JRgnetic force and. so as
‘reproduces- information from ‘the disk;
a voice coil_motof which swings the aCtﬁator to
move the head substantially in the radial direction of
the ‘disk;
a first magnetic circuit which.generates.a first
magnétic force which acts so as to return the actuator
‘to a parking ‘position in which the head is off an
effective regioh of fhe.disk when the actuator is
dgviated_frdm the pafking pPosition; and
@ second magnetic circuit which generates a
'-secqnd magngtic'fbrce which acts in'substéntially the same
direction as the first magﬁetic_fqrce and .so as to return the
-actuator to a position in a range such that the
actuator can be returned.to the parking position by
means of the first magnetic force when the aétuatdr
leaves the parking,position ovérpassing'the rangé for
the return,

wherein the first and second magnetic forces are applied to

the actuator at different positions of swing of the actuator.



actuator to a position in a range such that the actuator can be returned to
the parking position by neans of the first nmagnetic force when tH&OYD wise
actuator |eaves the parking. position overpassing the range for the
return, wherein the first and second nagnetic forces are applied to the
actuator at different positions of swing of%he& actuator. LLOYD WSE 19
2. A disk apparatus according to claiml1, wherein the first and second
magnetic circuits include a. magnet of the voice coil notor and first and
second nmmgnetic. bod?es Aistbak- appere tiearaeaukdiing heo axltaiidr, in a
spaced manner, respectively. 3. A disk apparatus according to claim2,.
wherein the first %ﬁ%%e%%dfhﬁ%e@né Begossl magnedyar ed-rdud ttshe ratiJustet i on
of the radius of_ swi ng of %h'_ actuator. 4. A disk apparatus according to
claim3, whereith I?Ef‘n%'g?tr 3 f”é‘?’ld"géESn&F’lﬂr’aSWé'{qrc ifdg sdy @nds aaand
slightly overre [.Ng & ydt h. =0f _th net in. the radial direction
and.g arg I ocat_e%%%gﬁ?%ln%g ’6&58& '?‘8”?%(? FieGtth &G O&t it @5FYFHE ons
of the nmagnet: ; el S rdi claim4, wherein the
wi dt h-di rection -%nfp%%%%%ﬁ%ﬁ'e ?r%%ﬁggﬂq’et&' | '

‘3. A disk apparatus according to claim 2,

wherein the first and second magnetic bodies are
spaced’ in the direction of the  radius of swing of the
‘actuator. - |
4. A disk apparatus according to claim 3,
- wherein the first and second magnetic bodies are
| spaced slightly'overreaching the width-of_the magﬁet
inithe-radial diréction'and_are lo@ated infpositidné
oppoéite the widtﬁ-direction end portions_df'the
‘magnet. |
5. A.disk apparatus according to'claim,4,
‘wherein the widthidirectioﬁ end portions of the magnet
-are shaped so thét-given1magneti¢ forces act - on the |
first and-second magnetic bodies} individually,

o dependihg on thg position of-swing of the actﬁator.
6._ A disk apparatus according to claim 2,
whe;ein.ét 1eést one of the firSt and second magnetic

bodiesiis formed by shaping a magnetic member which
cqnstitutes.the'actuator.
7. A disk apparatus acco;ding'to claim 1,
' wherein the second magnetic circuit is designed lest
' the second magneti; force act on the actuator when the

head faces the effective region.



are shaped so that given nmagnetic forces act. on the first and second
magneti ¢ bodies, individually, depending on the position of smﬁngéib bhe :
actuator. 6. A disk apparatus according to claim2, wherein at le YBYUSE
of the first and second. nmagnetic bodies is fornmed by shaping a magnetic
menber which constitutes.the actuator. 7. A disk apparatus according to
claim1l, wherein the second magnetic circuit. is designed |est the second
magneti c force act on the actuator when the head faces the effective
region. LLOYD WSE - 20 8. An actuator hol ding nethod, conprising: a
hol di ng step of hol ding an actuator, which is nounted, on the sw nging
distal end thereof, with a head-wh2eh records in and/or reproduces.
information froma rotating disk, in a parking position in which. the
head is off an effective region of the disk when the actuator is not
operating; a fi¥st AeGtHrE§rphoedsny ofetiordsi ngmarisisg: magnetic force so
as to return t@eh%ﬁ{ %tors to the ggrki ng posi.ti on when the actuator heid
in the parking position rs°Hef aFRUHIDAR REtPatrFngvibiosi tioon; and a
second r etrdimitRe, PHAC ; I ng: & .second nefic force which acts in
substantially the sarrgﬁgi%%:%ﬂrf\éar%&ﬁ RACHBISE S S

head which records in and/or reproduces .information

fromta rotating.disk, in a parking position in which.
the head is off an effective region of the disk when
the actuator is not opefating;
' a'f;rst returning process of wofkihg'a first
‘magnetic force so as to return the actuator to Ehe
parking'position when the actuator held in the parking.
position is deviated from the parking position; and
a second returning process of working a second
magnetic force which acts in substantially the same difection as
the first magnetic force and s0 as to retprh the éctuator to a.
position iﬁ a range'suchlthét the actuator can be |
returned to the parking-position by means. of the first
magnetic force when the actuator leaves the parking
positioh ovérpassiné the range- for the return,
 wherein the first and second magnetic forces are applied to

the actuator at different positions of swing of the actuator.

é; An actuator holding.method according to
claim 8, wherein the first and second returniﬁg
processes.include appl?ing leakage flux ﬁrom'a,magnet
of a voice coil motor, which-éwingsﬂthe”actuator, td
first.and'second magnetic bodies, which are fixed to

the rear end of the actuator in a spaced manner, at



the first magnetic force and so as to return the actuator to a position in

a range such. that the actuator can be returned to the parking p05|t|on g

nmeans. of the first magnetic force when the actuator |eaves the BHhPKPH4S

position overpassing the range- for the return, wherein the first and
second magnetic forces are applied to-the actuator at different positions

" of swing of the actuator. 9. An actuator holding method according to claim

8, wherein the first and second returning processes include applying

. | eakage flux fre g f r t
actuator, to fi %?Eﬁgn%%tslggg’nﬁn\%rﬁl e%é 1'es’; %m}ﬁg;&?éﬂfl xed (?F t he
rear end of thRiagtudt ehel RcRUSRRAE] tHRINAY f’étd{-ﬂﬂgﬂ{] adduatlif ferent

poi nts of tinme depending on the p05|t|on of sSW ng o e actuator thereby
“returning thetactuatgark&ﬁgt@bgytﬂ@ﬁng posi tion.



