1: - :CRASH STOP AND DI SK DRI VE EMPLOYI NG THE CRASH STOP Det ai | eépos cepy
Descyi ption of the Invention Field of the invention The presepgr o211- -7
|nvent|on relates to a disk drive, particularly a nagnetic-disk drive and a
crash stop which regul ates a range of rotation of the actuator of the

magneti c-di sk drive. More particularlyy; the invention relates to a

crash stop which is capable of adjusting the setting of shock absorptivity
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thereby rot{d Rthd e AR il derdusesnd NG IBHNELA Ci degglpount ed on the
front end of Ehe hea armto nove over a predeterm ned position on the disk

surface to ™ t he magnetic disk or read out recorded data from
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actuator. e cras op IS a arm
: prescrl bi nglattize atcgr@genmedneim ramrdyeanf actuator which moves a magnetic

head along the surface of the magnetlc disk. The actuator
is equipped with a carriage which is rotatably fitted on a
rotational shaft and a voice coil motor (VCM) which drives
this carriage. The carriage is provided with a head arm, on
the front end of which a magnetic head is mounted. Also,
the carriage is provided with a stopper arm on the carriage
surface opposite to the head arm across the rotational
shaft. This stopper arm has the voice coil of the VCM
mounted thereon._ The VCM has the aforementioned voice coil,
lower and upper yokes disposed above and under the stopper
arm, and a magnetic circuit formed by permanent magnets.
" The VCM drives the carriage, thereby rotating the head arm.
This causes the magnetic head mounted on the front end of
the head arm to move over a predetermined position on the
disk surface to record data on the magnetic disk or read out
recorded data from the magnetic disk.

' A magnetic-disk drive such as that described above is
provided with a c¢rash stop for prescribing the range of
rotation of the actuator. The crash stop is abutted by the
stopper arm, thereby prescribing the aforementioned range of



2 rotation. The crash stop conprises an inner crash stop that prescribes
t he % nner;nost circunference to which the-magnetic head can nove on the
magneti ¢ di sk surface and an outer crash stop that prescribes the outernost
circunference to which the nagnetic head can nove. The inner and outer
crash stops, therefore, are provided on bogzh ends of the range of rotation
of the stopper arm As a conventional exanple of the aforenentioned
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mounting an@o, in the crash stop comprising a metal pin, the range of
rotation of the actuator does not fluctuate, but absorption
of shock is insufficient, and when the actuator runs
recklessly and crashes on the crash. stop, there is the
possibility that it will damage a disk surface.

Also, as an example of the crash stop having both the
shock absorptivity of an elastic body and the mounting
stability of a metal pin, there is structure where a metal
pin 1is covered with an elastic body. The shock
absorptivity, however, generally becomes smaller than that
of a crash stop éomprising' an elastic body alone. This
crash stop is attached to the bottom portion (referred to as
the base) of an enclosure or an upper yoke or a lower yoke,
for example, by screws.

After magnetic disks are incorporated into the
enclosure, then the carriage isg fitted on the rotational
arm, and after the magnetic head is moved over the surface
of the magnetic disk by zrotation of the carriage, or
furthermore, after the upper yoke is incorporated, the crash
stop is mounted. This is . because' the mounting and



3 denmounting of the carriage will not be able to be perforned, if the
cragh stop is first nmounted. Problens to be solved by the invention
However, it is not easy to adjust or vary the shock absorptivity of the

af orenenti oned conventional crash stop conprising a netal pin covered with
an elastic body. Particularly, in the cage where design change is
performed froma crash stop conprising an elastic body alone to a crash
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there W lloonceivable to change the elastic body to an even softer,
elastic body or to thicken the elastic body. However, in
the case where new elastic material is employed interiorly
of the enclosure of a disk drive, elastic materials that can
be used will be limited to materials that have been used so
far, because there will arise, for example, the problem that
a test must be newly performed for confirming whether new
elastic material is suitable to the interior of the
enclosure.” For this reason, in many cases, material with
desired shock absorptivity cannot be used. Also, if the
thickness of an elastic body is wvaried, the wmounting
position of the crash stop must be changed according to that
variation, or the diameter of the metal pin must be wvaried,
and consequently, other components will be obliged to be
redesigned. - '

In addition, because the mounting of the crash stop is
performed in the end of the assembling process of the
magnetic-disk drive and the crash stop needs to be first
demounted when the magnetic head or carriage is repaired,
other disposed components will be hindrances and there will



4 arise the problemthat the nounting-denounting operation wll be

t roubl esonre. The present invention has been made in order to solve

t he af orenenti oned conventi onal problens. It is an object of the present
i nvention to provide a crash stop which is capable of adjusting shock
absorptivity with the sane elastic materi alk and where the _
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st op. of the present invention is characterized in that shock
' absorptivity is enhanced, 'by providing a cavity in at least
a portion of the boundary between a metal pin and an elastic
body. _ |

In another crash stop of the present invention, the
first end portion of a metal pin is used as a support
portion which is freely removably fitted into a crash stop
support hole provided in a bottom portion of an enclosure of
said disk drive, and the second end portion is used as a
knob pori:"“ion for allowing said support portion to be
detachable with respect to said c¢rash stop support hole.
The portion of the metal pin between the support portion and
the knob portion is press-fitted into an elastic body having
more than one blade poxrtion. The support portion of the
metal pin is fitted into the aforementioned crash stop
support hole; thereby achieving an enhancement in the
mount ing-demounting operability.

The magnetic-disk drive of the pfesent invention is
characterized in that enhancements in protection performance
of the actuator, assembly, and maintenance operability are
achieved, by employing the aforementioned crash stop.



5 Preferred enbodi nent Figure 1 is a top plan view show ng the rough
consdtitufion of a magnetic-disk drive according to an enbodi nent of
the present invention, the upper cap of the encl osure having been
remounted. Al so, an upper yoke is indicated by a dotted Iine so that the
| ower portion of the upper yoke can be vi é&wed. The nagnetic-di sk drive
shown in Figure 1 houses into the interior of a generally box-shaped

encl osure ﬂPef‘e??QaeEﬁBoﬁhﬁxEn?: which is a data storage nedium a spindle
motor 2 for drivin netic disk 1 to rotate, an actuator_7 for noving
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connected {wclhe 8 of the actuator 7 is disposed in the space
therebetween, and outer and inner crash stops 40a and 40b
for regulating the fange of rotation of the actuator 7. 1In
the enclosure 10, the side portion 10b is formed integrally
in frame form on the peripheral portion of the bottom
portion (referred to as a base) 10a.

A plurality of magnetic disks 1 are mounted and these
magnetic disks 1 are fastened to the rotor of the spindle
motor 2 by means of screws. ' The magnetic disks 1 are driven
to rotate on a spindle 2a by the spindle motor 2. The
magnetic head 3 is one which records data from a control
section (not shown) on the magnetic disk 1 and which reads
out this recorded data from the magnetic disk 1 and sends
the data to the control section. The magnetic head 3 is
equipped with a magnetoresistive (MR) sensor for reading out

" data and a t_hin—film head for recording data. The
aforementioned control section is provided on the exterior
surface of the base 10a (on the opposite side of the surface
where the magnetic disk 1 and the 1like are disposed) .
Although not shown, the magnetic head 3 is connected to the



6 control section by head wires and a flexible printed circuit (FPC). The
rotdtional shaft 4 is fastened to the base 10a. " Figure 2 is a
sectional view showi ng the structures of the outer crash stop and the
periphery in the magnetic disk drive of Figure 1. Note that the peripheral
structure -of the inner crash stop 40b is tdéie sane as that shown in Figure
2. .In Figures 1 and 2 the actuator 7 has a carriage 20 fitted on the
“rotational 4 ; r 0 t n for..dei i
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arm 22a. On the front end of the spring arm 22b the
magnetic head 3 is mounted. The stopper arm 23 consists of
an outer arm 23a which abuts the outer crash stop 40a when
moved toward the outer crash stop 40a and an inner arm 23b
which abuts the inner crash stop 40b when moved toward the
inner crash stop 40b. On the interior surface of the
stopper arm 23 the voice coil 31 is mounted. The bearing
portion 21, the carriage arm 22a, and the stopper arm 23 are
formed integrally with one another. The head arm 22 and the
stopper arm 23 are disposed so that they are located on
opposite sides across the bearing portion 21.

Note that although only a single carriage arm 22a is
shown, a plurality of carriage arms 22a are disposed in the
form of a comb. When the carriage arms 22a are moved over
magnetic disks 1, the magnetic disk 1 and the carriage arm
22a are alternately positioned. Also, the uppermost and
lowermost carriage arms 22a each have a single spring arm
22b hung on one surface of the front end of each arm, and
the intervening carriage arms 22a each have two spring arms



7 22b hung on both surfaces of the front end of each arm Furthernore, the
magheti c,head 3 nounted on the uppernost or |owernpst spring arm22b is
used for the upper surface of the magnetic disk 1, and the magnetic heads 3
nounted on the intervening spring arm22b are used for the upper and | ower
surfaces of the magnetic disk 1. The VCM 8, as descri bed above, has
both the voice coil 31 nounted on the interior surface of the stopper arm
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inserting the screw 11 |nt t he Bcrew hol e 6h and then tlghtenln the Screw
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f or med |nstuh%t d(g)f)r Blo‘%ée}gzolgl pper yoke 6. The crash stop support

hol e 10d &nd the cras ng holes 6c are prOV|ded at
The lower yoke 5 is seated on the base 10a of the

enclosure 10. On thew end of this lower yoke 5, three
support shafts 5a are provided for supporting the upper yoke
6. Also, the lower yoke 5 is formed with an opening 5b into
which a screw stopping portion 10b provided on the base 10a
is inserted. '

The upper vyoke 6 is disposed by the three support
shafts 5a and a screw 11 so that it covers the upper space
of a crash stop support hole 104 provided in the crash stop
support portion 10c of the base 10a and also covers the
upper space of the lower yoke 5. The upper yoke 6 is formed
with a screw hole 6b for the screw 11 and crash stop
inserting holes 6c. The upper yoke 6 is placed on the upper
surface of the support shaft 5a and is fastened by inserting
the screw 11 into the screw hole é6b and then tightening the
screw 11 into the screw stopping portion 10b. '~ The crash
stop inserting hole 6c in this embodiment is a cutout that.
has a semicircular front end portion formed in the end
portion of the upper yoke 6. The crash stop support hole
10d and the crash stop inserting holes 6c are provided at



8 the positions at which the two crash stops 40a and 40b are attached,
respectively. The voice coil 31 is nmounted and the stopper arm 23
supported by the carriage 20 is disposed in the space between the | ower
yoke 5 provided with the permanent nagnet 32a and the upper yoke 6 provided
‘W th the permanent magnet 32b. This stoppeg arm 23 is rotated between the
‘crash stops 40a and 40b by t he VCM 8. This rotation causes the
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t he evacuati ng p05|t|§n whe ng t|c di sk dr| IS ograted or :
stopped. The out €7 cFa&h R cZﬁi)a ?hé“%gﬁ’ﬁé?rl s}og 266 &FSh WBh_i st

of a netal tptackd and winicd ashe cmhgdgtﬂé \eiacih :{:oxrecerds pdataoramf gdiireo
metal pin I ths t al , an is pr ed
AMracice, df' RRITEL ol BB oy A A1 pEEGESS ALl | S P YA

in the nter medi ate I on ape ai'nl ess nenber
by maki ng t&f@ﬂmmﬁn@ﬂ%@ecmﬂ:ﬁp@n Sﬂ%ticmo(not shown) reads out servo

data from the servo track by the magnetic head 3, and based
on this servo data, current flows'fhrough the voice coil.
As a result, the VCM 8 is driven, thereby moving the
magnetic head 3 over a desired datd track.

Figures 3 through 6 are detail diagrams showing a
design dimension example of the crash stop 40. Figure 3 is
a partial cutaway plan view of an elastic body 42, Figure 4
a left side view of Figure 3, Figure 5 a right side view of
Figure 3, and Figure 6 a plan view of a metal pin 41. In
Figures 2 through 6, the outer crash stop 40a and the inner
crash stop 40b regulate the range of rotation of the
actuator 7 and also position the magnetic head 3 at the
initial position or the evacuating position when the
magnetic-disk drive is operated or stopped. The outer crash
stop 40a and the inner crash stop 40b each consist of a
metal pin 41 and an elastic body 42 which covers a portion
of this metal pin 41.

In the metal pin 41, an annular recess 41f is provided
in the intermediate portion 4l1a of the shaft-shaped

stainless member by making the intermediate portion 41a into



9 a small dianeter portion and the | ower portion 41b and the upper portion
41c into |arge dianeter portions. The outer dianeter dinension of the
intermedi ate portion 4la is taken to be A and the outer dianeter dinmension
of the | ower and upper portions 41b and 41c is taken to be B. The recess
41f of the netal pin 41 is forned, for ‘example, by cutting the internediate
portion of a shaft-shaped stainless menber with an outer di arreter di mensi on
of Ainto the |0 SO

41b on the %ng%ﬁge Isﬂg‘geg{ gbgggé%p%r p@% |%)%‘9%dp8§:t§fg al?‘%e;cu per
portion 4lcupPerhpogdon dele sinsed larae kdibdmelay | pqrniens Th%heoatast ic

body 42 Con@iéﬁééeﬁ e eRdiioral o POF Oenééﬁméaﬁaaerg%&h%e ﬂ%tignﬁaﬁég,
43b, and 43c. _The holl.ow_ portion of_ ,the cylindrica ortion 42a 1s used as

a pin insert? n&ehol} eanq}hé'—l'@ a%‘ﬂ‘?%rbéa?mﬁﬁe% 4%09 oPL eX&fpl OWeF oand
pol yur et haneppetbbgbrtibﬁsrmubl anldnzAJ: 1i%s s fid tied B Nt oThderge8ss 41f

: t h f th i 4 hat th bet t h
support portt §EB$£ T4 ohe oD irf‘ﬁﬁ‘éﬁlﬁl&? ?ﬁgm?é?gfﬁba’enm@i&r%qgé}%r ed
with the elistéxmédilgtd2portaonhefheu apsah steeiniess meenber wathi on
d1a of the fet Pl élaaaee&hedﬁk 160 PBYY A24r08 ARL! Y| Bradarhs
e 41 w t IS a

f or med. support _portion [ covere he el astic bo

portion V\hl‘%lfF“F%s%‘P’éeBy détléé’haﬁ’lasrtl eferthed Jower Rrtchas e oﬁbns\'d%?oﬁ?—d
hol e 10d pr@i/d@leﬂslastaaeahaae slt@;i:orthgadi&qlbrpqutd Ol et spVEReduppth
the elastic bod%/ is a pogtlon whi,gh is g }ﬁ)r\; gl cku means. such as
a pincette Rk %uﬁ fngPobBf afT8nSE e\M"lFC aﬁr S8 OBOE ipe #hgert ed

t hrough t he crashrisé opliasteird | bgdigol 42 6coinp|rtteés| nat Iwhi}mmrlcmkepﬁramdn

then the supporl,ROLLlan 4hdde Sdii£shi niy ! hgaraghastap sunmorty ol g, 10d

in a pul Thnhg-out eration he™ stupport portlon ‘41d°7S pu
out of the reulont szporQYlmférIL@%il amntnm thacrigshusedp a® ias pahl ed

out from thengdpsingt RB1ENSErheN@1RAe BSbody 42 is formed, for example,
! from polyurethane rubber. The metal pin 41 is press fitted

into the pin inserting hole of the elastic body 42 so that
the portion between the support portion 414 and the knob
portion 4le of the metal pin 41 is covered with the elastic
body 42. In the boundary between the intermediate portion
41a of the metal pin 41 and the elastic body 42, an annular
cavity 45 is formed. The support portion 41d not covered
with the elastic body 42 is a portion which is freely
detachably inserted into the crash stop support hole 10d
provided in the base 10a. The knob portion 4le not covered
with the elastic body 42 is a portion which is picked up by
pickup means such as a pincette in a mounting operation in
which the crash stop 40 is inserted through the crash stop
ingerting hole 6c¢ formed in the upper yoke 6 and then the
support portion 41d is fitted into the crash stop support
- hole 104 or in a pulling-out operation in which the support
portion 41d is pulled out of the crash stop support hole 10d
and then the crash stop 40 is pulled out from the crash stop

inserting hole 6c.



10 The bl ade portions 43a, 43b, and 43c protrude fromthe
circunferential edge on the side of the knob portion 4l1e in a direction
form ng an acute angle with the knob portion 4le. The protruded positions
of the blade portions 43a and 43b and the protruded positions of the blade
portions 43b and 43c on the circunferenti alpedge on the side of the knob

‘portion 4le differ by 90_, respectively. V\hen the crash stop 40 is

i ncor porated int e e | r|ve £ Je e nds
44a, 44b, and 442'1'%%I FE&QE g %tq()%tiél or?sa ’4 \A,\%bﬂ& %%o%r‘#? Fygﬁe%h%ner :
wal-| of theC?eli’%@hf%r@ptiﬁ%eleﬂgﬁg qﬁbl@eacsb@etﬁé ﬁbserkméxaftm 4ke Bhade

portions 433, ¥43kcdtfh 486rAiAge! A9t bedltly SN aGhienh e a GRS CPHLREEN
frictional force is generated petween,the bI ad(?lfa g)rtlons 43a, 43b, and 430
n

and the si d&'®urf 3BE HFFIHRIE sﬂﬁOS%’fb‘anu fef lagly gorcions 143 and
frictional 43W®r aadprvenpsotuindacd p@ld;ftpi@@@rfblﬁt tled Dblhde c;fcasﬂonsé 0p3140.
FurLher Tor eand "ERUPRE! (F0S. A Adben @) 14656760 BALE A ATA N KU KBy

e tovar d T h e S5 t T 8 r

whi ch becorres a nhat ural convex € outsSi

-ends can swdnckormodlect difideyi dWS&IOf f aceredpadieivelgh stldjlpemnwet i agakbl e

6c. Red&5enes quar@ﬁ&éig&%ewn idtd O em%éﬁ)etﬁépfi%ﬁ“t&rﬂréUéﬁéﬁﬁ

region of the'elastic he stop arm 23 abuts cras

stop 40 is ¥hcBigerat dd |t|4'f% YRReHugRES &4d st v@ndhadR iaf FikmirbladeThe
cavity 45 f;%f&apbxb@t ween thebetald piBcdcitddthet kb asneoRy13#2 dfs the

provi ded so as ncl ude a boundary re n.corresponding to the abut
surface redi iiﬁg i PRSE%t ﬁB% 6t%n fheggl g{%pé—:rb A28 ¢ 17 H’
45 absor bs h]fm:ieatpmrtngnshaeh o# 3bhe astdbpysar aanrame]%}stlcaihlptbentmactled

the cavity ad® bopBedtleded Poialiondr HhecbouBdycndetan batyes Lhe

metal pin andt heauttlngs
st opper ar ralzBie apopeiansotbad ﬁﬁb@oépélr 48icomng tthe reide urfaer d9f 4pheThe

cavity 45 igr4¥WVigedpi NihbBerteny Ohdel i k& .SO asrHiQs i NeFikeei SndDUNEGEYe
region “h'%ﬂé$éﬁ%§ O%%Jg%d displacement of the «c¢rash stop 40.
Furthermore, the upper ends 44a, 44b, and 44c each have a
smooth curve which becomes a natural convex state toward the
outside so that the upper ends can surface-contact the side
surface of the crash stop inserting hole 6c.
Réference character C shown in Figure 2 (b) répreseﬁts
a surface region of the elastic body 42 which the stop arm
23 abuts when the crash stop 40 is incorporated into the
magnetic-disk drive shown in Figure 1. The cavity 45 formed
between the metal pih 41 and the elastic body 42 is provided
g0 as to include .a boundary region corresponding to the
- abutting surface region C, and in cooperation with the
elastic body 42, the cavity 45 absorbs the abutting shock of
the stopper arm 23. In other words, the cavity 45 ié
provided partially in the boundary region between the metal
pin 41 and the elastic body 42 so that the abutting shock of
the stopper arm 23 can be absorbed in cooperation with the
elastic body 42. The cavity 45 is provided in the form of a

ring so as to include a boundary region which is cut out to



11 formthe height region of the abutting surface region C. The height
regi bn of .the abutting surface region C neans a horizontal space region

surrounded between a | ower horizontal plane whose height is equal to
the | ower 'end of the abutting surface region C and an upper horizontal
pl ane whose height is equal to the upper end. It is preferable that

‘the inner dianeter of the crash stop support hole 10d, the outer dianeter

di mensi on Ef@:?n{lﬂl%esuﬂg%htpo{é% 4%‘3 4%9 a t%‘té% %PP&X% %1 R be

determ ned so that the's i on no play

in it and sBhehheighé &h@ cﬁbyéwga@ermmfeﬁetnegsgpp@r tMGRRS | BN
41b with th@oﬁﬁéﬁtéiop SHREOT t for;LOd SAFRBGTIOL Blefth%hforEEd 1&9@89
the crash stop, 40 is_incorpor ted 'ﬂ ﬁhe nagpetlc dISk drive.

“addi ti on, t&?'%]FJeZ‘P’%tﬁ 1 hodaneo ehehheil§hedMAeds? ohb6f LOwer c%%%hof

stop suppathe abuttdng Jsﬁnrfadeh&eqmutamaaﬂ ael aippets hdgr hedvesh phene
el astic boqxh eaﬂglgﬁgafgvéﬁﬁ ?5toaggetﬂ égngﬁg di nensi on of the

i nt er nedi ate portlo orrespondlng t he hei ght region
of the abutting rkgidn @neiqmahhﬂ(ﬁhﬁtmxhﬂlmnnhe dhsmetedi atfe e t coashla.

Furt her nor ege ;b é@ﬁ@fésmu tlfcsat e 'Rl aila{ﬁ@eezora ihdd Bt e S Ehe

center of the net hé outer end of the blade portion 44,
hei ght di mEHERRPE bf Pﬁétéfaash‘%fiop &85 ot ﬁ&rlﬁmcfoc batiwesni grgem  be

di mensi on Ridt&rmihed| sverrend e thepwdast prbosy 424t oft hﬂld»lpﬁ@fa;enﬁlﬁf
t he bl ade porti.on 44 aggﬁghe helggg | ensi on f t he, support shaf 8f
the | ower y40$r< haF P h &R esh s@"ﬁatg %t hk ﬁBpth‘én BE2¢RBe ad@n
portion 44 dissgusagenaet mfthha shppoaitgportdgnod 1df witkdh uipercyadle Stand
20, ot oo bl RN 0oL iy RO, Clpe G
A of the i it@medlatis pénFP§9°I§§e§f er@ n’éhal rqagailezt}q-silple driivad thén
outer di am{gdiwid®NStREr8 Ak lehdsWefoands¥§RCthe height dimension of
the crash stop support portion 10c, the positional
relationship between the elastic body 42 and the cavity 45,
and the length dimension of the intermediate portion 41a so
that a region corresponding the height region of the
“abutting region C is positioned within the intermediate
portion 4la. Furthermore, it is necessary that the radial
dimension D from the axis center of the metal pin 41 to the
outer end of the blade portion 44, the height dimension of
the crash stop support portion 10c, the height dimension E
from the lower end of the elastic body 42 to the upper end
of the blade portion 44, and the height dimension of 'the
support shaft 5a of the lower yoke 5 have been designed so
that the‘upper end of the blade portion 44 is positioned
within the height region of the upper yoke 6 and also
elastically contracted and contacts the inner wall of the
crash stop inserting hole éc.
In Figures 3 through 6 the outer diameter dimension A
of the intermediate portion 4la of the metal pin 41 is 1.5
mm and the outer diameter dimension B of the lower and upper



12 portions 41b and 41c is 2 mm Therefore, the thickness of the cavity
45 i's 0.25 mm The outer radius dinension of the elastic body 42 is 2.65
nm so the thickness of the elastic body 42 is 0.65 mm Furt hernore, the
radi al dinension Dfromthe axis center of the netal pin 41 to the upper
end of the blade portion 44 is 3.5 mm and1ighe hei ght dinension E fromthe
| ower end of the crash stop support portion 10c to the upper end of the

ol ade port hB8Rc44nlsS skl Balll! 41 is H3 OHRS 7 iR Plae VERNCRAGULNG A he
same magneljc- disk drive as that of Figure 1, the_magnetic hea avi ng
been evacuhf€d<Eyitys 4vddidl i3y Posi tTom. oneer ¥AdiuRi ghmensipn odt tdrces

t he magnet taBead W} ki Nists. 581 tindl =ROYHd AWhiclAfeSH0¥P tReFiedWR i6

the inner arm 23p of, th opper a is brought intq.contact with the
i nner cr asﬁogYOp‘P%lOB,s t‘ﬁe&ébs‘ vacygf%i‘&rfnﬁéewagﬂé?i (’faﬁéé‘g ﬂ’d@%‘?s%% D
ci rcunf er efiroml theaexdls nemest toforeid métdhepimghet to thekuppest enldi f

tinme, a na t oy} egr, t hhper_cCr p or ¢ting, the
i nner arm ggg t])d%%sdl:gct %ﬁ@ﬂgfr} f}ﬁle '?r%t gl'gpimrrln 4‘%&2]‘ E%‘%e hl%%?r’eﬁrt c?%é%ﬁgf'%% %Ob
i s made i nfsom Eigndiowar peird opin the sresdmawdromuPRRnY aepetrhgonodRengo

operation, taRdybierl BREN oFf Fhé3B1iade Pledon 44 iB 4RS@ kf.ion will now be
made in brief for , the manufacturing procedure of {he nagnetic-disk drive
shown i n Fi gur esF198K§ 7. 15 toP tﬂﬁﬁarés‘éﬁ%l sheving cEhEr 8ame| magaetic-
descri bed. digke dsfiivied| £ nohat 2f Fidine pDy atRe mBlgRietie iHdad | 91 hakrinke
encl osure 10eforggd EptgpleL%tht%érm§rotaiioqu shafé é gﬁettﬁp crash
stop supporTeRoPYASHAEEE tohd o THRCHIT I RPE L 19 haR@t4o5hat Thdgure
plurality df bhiustratdeskthe hmagngthe dezad dat hedrk fimst ded tloithel
rotor of t kgl e o] Y s .. Sgre t I k

with the ?ﬁ%ﬁ%ﬁﬁ'nag%%tEggghafgggﬁgﬁg%%e?ét§§¥%A%%g?%dg%ﬁ gﬁe H%ge%¥%h of
t he encl os@fepper arm 2Axis breugbfcadngei Icoptacs atitdrHee t bnpeE sxasper

arm 23, angebpe 4037 | fHePEbY @vathatiirderBar Wagdwetd@ héddat Re over the
circumferential evacuating position DI of the magnetic disk
1. At this time, a magnet is provided near the inner crash
stop 40b for attracting the inner arm 23b by suction, or the -
metal pin 41 of the inner crash stop 40b is made into a
magnet to perform the aforementioned attracting-locking
operation, and the inner arm 23b is locked.

A description will now be made in brief for the
manufacturing procedure of the magnetic-disk drive shown in
Figures 1 and 7. First, the assembling procedure will be
described. The spihdle motor 2 1is incorporated into the
interior of the enclosure 10 formed integrally with the
rotational shaft 4, the two crash stop support portibn 10c,
and so on, attached to the base 10a. Then, a plurality of
magnetic disks 1 having no servo data are falsténed to the
rotor of the spindle motor 2 by means of screws. Also, the
lower yoke 5 with the permanent magnet 32a attached thereto
is seated on the base 10a of the enclosure 10.

Next, the voice coil 31 is attached to the stopper arm
23, and the bearing portion 21 of the carriage 20 with the



13 rmagnetic heads 3 nounted on the front ends of the head arns 22
provided, in the form of a conb is fitted on the rotational shaft
4. The carriage 20 is rotated on the rotational shaft 4 and thereby the
magneti c heads 3 are noved between the magnetic disks 1, respectively. The
end portion of a FPC cable (not shown) a8 the side of the nmagnetic head
has been attached to the side surface of the carriage 20, and the head

Wires. f ro nh\ggﬁegggn He e ef‘dtﬁcéénégg ohN¢ heC (}i'xloneM e_rrngse n%f Ofhe! RBagY %!xﬁrf‘s

coil een connecte the aforementi one portion of

EPC. The opBosprevided din the MEpem cad] ea | sombpnAsct EGEtery oPgh the

connect or katahqoﬁhqreaﬁatton@d CORhLEO| c8LE1488 (zrmt %how&ated thetHéoper
yoke 6 with both th fﬁ nent rra et 32b att ched r.et o

crash st op°tPkde HBETERY! e |§‘a§n§ hef‘ﬁﬁ s%jpﬁd?e[
shaft 5a ofotrbd Ib:em«ee;mkehé ala@_lma:lfc xdiksled Lhe regpectiyedy .of The lemter

yoke S Y bBECIBRe Gt o roc THEESAIt fhor NALQULET G chanels GLASlE Stope

40a and 40b are i ncor orat I sk dr
speci fi cal mygnehedemeohWobe&Ile ajftat%d:ria@htb?oﬁl‘ﬂﬁ i supfagedotip the

pi ckup Wa@érﬂ%&ea%@ paﬂaett.tkfe h888 WASRH efhrdmt Ehlah‘?na%j SlRPads 3
i nserting hole 6€C fromthe side of the support portion_4Id, and the_support

portion 418nfs £het eﬂ’oﬂllrtowtlﬁéscr§§l?mst(i}ﬁ‘esuﬁﬁ’&rcle h&P&l10d1so barsr besthn

be freely gghhedtedt to Alhd fﬁﬁ)ﬁétﬁ&tidﬁﬂadwéﬁ port e of the Bpper amé of
t he bl ade ortioge44 c%nta ts

i}he | e surface_of ; %’e

i nserting RBPRS8ECanE?Cs Cbnt F4&t e an& % né = r CERPSS F%f Ij:gxgo&g r&t ed
bet ween theonneasbrstoptihlesarfnneglelmﬂwr&d aohtired @wegdricandnoft tshowsl)ade
portion 44, the gfas I s | d. r t

mount ed on the en(E:1 mtf?é@’goffgiﬁe%ebgggg ogt}?ngﬁ%h? ag%%%%pp‘ﬁ%gﬁﬁ@ b
magneti c- ditkaghede. tBeegtioe apdt hewaf &@%t | DR |1ﬁ¥ﬁ?rrpﬁﬂrr§ i ®9les clssh

stop 40, thgriBaANathérdHRdsis3 pansel hen PehleedshppsrbetaiRat t B rBENetHe
| lower yoke 5 and is fixed at the upper space of the lower
yoke 5 by the screw 11.

Thereafter, the outer and inner crash stops 40a and
40b are incorporated into the magnetié—disk. drive. More
specifically, the knob portion 4le of the crash stop 40 is
picked up by pickup means such as a pincette, then inserted
into the crash stop inserting hole 6c from the side of the
support portion 41d, and the support portion 41d is fitted
into the crash stop support hole 10d so that it can be
freely pulled out. At this time, the outer surface of the
upper end of the blade portion 44 contacts the inner side
surface of the c¢rash stop inserting hole 6c and is
contracted, and by the frictional force generated between
the. crash stop inserting hole 6c and the upper end of the
blade portion 44, the crash stop 40a is locked. Thereafter,
the upper cap 1is mounted on the enclosure 10, thereby
completing the assembly of the mégnetic—disk drive. Because
of the aforementioned incorporation of crash stop 40, the
magnetic heads 3 cannot be pulled from between the magnetic



14 disks 1, but in the case where the.crash stop 40 needs to be denobunted,
for ‘exanpl e, due to the repairing operation of the magnetic disk 3, it can
be easily denobunted, if the knob portion 4le is picked up and pulled out by
pi ckup neans such as a pincette. A pfpcedure of recording servo data
on the magnetic disk 1 will now be described. First the magnetic disk 1 is
rotated to,float_th netic head 3.fromthe surface of. fhe magnetic. di sk
1 and thendi%lés\/bM gugagﬁri & Cta(f’ebr“l'hneﬁ:et T eou?re‘_’lrShar ai‘gfn?% SC%?I b?‘[rm
23 into coiemewnipedh thoer ogxampieashut opo4Gdhe IFhpatiivanfopestadadd®) of
correspondiflg hQghBE:ROFLEKOR Of; ¢l ReBaN&ld £ Reatbm @it ddl Sif!ﬁﬁebEﬁBEes

t he out er nost _s%rvo track and al so becones a circunferential initia
posi ti on. PEEFiPNJ4AlE 8 PdEkefedn RiteRIENGS AUty ke P SBeRRE ePUERS
fromthe cigcanbeneseeeD0 toward the inner side of the magnetic disk 1,
that is, the cenjer. The innerpost servo track I s outside the_ ,

ci rcunferenti al vé’&?ﬁeldﬁ’dfepogggﬁﬁf:ﬁ p® = Vel £ Y- [ %t@utow tt%xe[ hB2FRghati ¢
head 3 thelsskvd @¢dfld mesorieddesctilseder vBitrpackael magridtd codiskost iservo

track DO leo?é%@eénﬁgrFYEEtS'EHéQm%rg%%lﬁi@’hetar&e AL GE Oél?zpf%@%téfl the .
section w e able t0 recogni ze-a position on the surface of the nagnetic
disk 1. Aagnetidaddskr dekand fiesh the aVel¥ Beddt dduiven ditepdsindetireen

Servo trackster armN83h. o8N thePicRAal el ned G dditdetonyite ¢RE1 8ackyom
t he outernost servo track DO _to the seryvo track D1, the m cr.qcode is

recorded HidH r BhPBs il a MECetCHFHHSTRITHaP0 i SOpERFEPREd P t ke -
n’&gnEt | C- b b e dfS kshar medyndtriam heedf ar egoi It@].is'é hte:tmeghdya:dnre@m 8RE&VO
track DO tqQ servo track D1 hecopes_a.m c¢focode cording_ reqi t he.region
from serv@FEICH (T V(t)E & cka_Bﬁ b%%%?regaeé’lou&?; 8at%1]§€%‘§§%£e?§§?gn,
and the regignid} oposdiiernr ackSexvae odakacutd erespirdedeviae ugegugngssi akon
DI becones, A JEddehi fea NeAdeeYat Al ROV Wi%tumference DO toward the

inner side of the magnetic disk 1, that is, the center. The
innermost servo track Dn is outside the circumferential
evacuating position DI. By regding out with the magnetic
head 3 the servo data recorded on the servo tracks from the
ocutermost servo track DO to the innermost sgfvo track Dn,
the aforementioned control section will be able to recognize
a position on the surface of the magnetic disk 1. Also, a
data track on which data is recorded is disposed between
servo tracks.

Next, on a predeterminéd data track on the region from
the outermost servo track .DO to the servo track D1, the
microcode is recorded which represents a reset operation
that is performed when the magnetic-disk drive is started.
From the foregoing, the region from servo track DO to serxrvo
track D1 becomes a microcode recording region, the region
from servo track D1 to servo track Dn becomes a user data
storage region, and the region from servo track Dn to
circumferential evacuating position DI becomes a magnetic-

head evacuating position.



15 The operation of the magnetic-disk drive shown in Figures 1 and 7
wi | I” now.be described. In the stopped state of operation of the

magneti-c-di sk drive, the magnetic head 3 has touched the circunferential
evacuating position DI on the surface of the magnetic disk 1, and the inner
arm 23b of the stopper arm 23 has abuttedq ghe i nner crash stop 40b. Now, if
the magnetic-disk drive is started, the spindle notor 2 will be driven to

rotate the nagne CdISk therey gating the n ti d rom.the
surface of the mt'alIlgnetlO edf]a he% th‘gagﬁ?%cnggggl v%%ﬂg%d %h Butet
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and the nagaghktikeadidkt guchesndhe suef aep o8 he gragRe! i4ndli thel ol €
the evacuating region has been dlsposed I nsi de the user data storage region

and the ni BFBCoARAT 84 on haSTHRERTdi 3bséd ARRS dEhet Ut eFTanR SLOP
storage regaQntheddl®y enceindi Bher @@ty MlLD Peftonpehed exsciiata ride
"mei de-t nePHEF LA b8; oFitgcot BPBREFPACERY ¢ eHeaa I RRe T RO Rmdifet | o sk
drive is imaghetdiopheddstit dsof fupehari movecheovererthe ndaga dfradke on
- stopper ar 23 ok «2BEbabne; QUL ELSF A, SRR 4R2crocode is read out.
According to the microcode read out, various reset
operations are performed. After these reset operations have
been completed, write and read operations by the magnetic
head 3 in the user data storage region will be performed.

When the operation of the magnetic-disk  drive is
stopped, the VCM 8 is driven and the stopper arm 23 abuts
the inner crash stop 40a, thereby evacuating the magnetic
head 3 over the circumferential evacuating position DI.
Then, rotation of the magnetic disk 1 is stopped and the
magnetic head 3 touches the surface of the magnetic disk 1.
While the evacuating region has been disposed inside the
user data storage region and the microcode region has been
disposed outside the wuser data storage region, the
evacuating region may also be disposed outside the user data
storage region and the microcode region may also be disposed
ingide the user data storage region. In this case, when the
magnetic-disk drive is in the stopped state of operation,
the outer arm 23a of the stopper arm 23 will abut the outer
crash stop 40a.



16 Wien the VCM 8 has run recklessly during operation of the

magneti c-,di sk drive, the stopper arm 23 crashes on the crash stop 40a or
40b and stops, thereby preventing the magnetic head 3 from noving inside
the circunferential evacuating position DI or outside the outernbst servo
track and fromcrashing on the spindle moi®@r 2 or other nmechanisns of the
magneti c-di sk drive. A description will now be nade of the crash test

for Somaring thgnar LALTARSE 6f nhlieRLASh ARG ofolhie, PESSEOL;LAVER! i on

provi ded with the .cavi € boundar et we and
_the el asti %h%odlﬂgm@tmdﬂﬁéi p&rive mhbe (ﬁtO@Rﬁfnv%fml éﬁalcr@ﬁ’é‘@lﬁ sewpthgvi ng

no cavity &pakhe yndany beglvessy, t igdrekabpRi N eikh-dibe x@.ﬁi}érf‘tlti@dYthe
First, three sanples. Si _.and three saggl es Sp re ar ed

S err] i s PaEReFASh EF@G 48 of *PHe PrEsett i”ﬂ%ﬂ?r oFr anEIlFﬁuF‘ €r§§ F‘é
S[err], tr@v@@matldga@sb@altlwnmsmﬂ oﬁtrshder ther rmchea&rmqmréeﬂﬁo%rm&

made equal t he u Rortion C o) 41b. That is

t he sanpl ' %2 %EOWh (‘%h\%nﬁt [ onéifhje g Jhn \c/z%err ei)aérre Q‘.‘er meﬁnh?ﬁﬁﬁfnst he
reduced i mEriedi magnpbvicrdnskldriveover ed vvrth the elastic body 42 in the
same vay as the gagRlse: it il 2h8k CBRN e P ATRLCorale e sl Sker ]

wer e |ncorporat as out crash stops in the magnetic-di sk drive shown in
Figure 1. comparimg) gthfs W?%ﬁ“%@et Hef othe &RBa SEPR héOst 8peEhgr m

23 cr aSher:ﬁé‘séﬂ@ Siﬁﬁlﬁﬁt$bﬁ”bx@&r13[e@”]wﬁh amf@sr&me@el ogi tyinf Vherr]

magnet | ¢ HEHRARERABERSSR. Hiftn TEGEY RALcALl GRA | ThE GELAPELE §9%%t dehe

magneti ¢ headl 8heenembamamse of a Tctmwm:rmmlietrashl e;rtowdm\rixygSmy S

7 e, Y1) 2 20FRYBfl 3 ] U A B AcR L o LT

t he magnethedhead Biwpen ttheesut sampleas23y adods tthf@%uﬁémpbﬁasrﬁrstwprénd

i's stoppedprdpatedS: ¥HE sample S; is the crash stop 40 of the present
invention, and in the sample S,, the outer diameter
dimension of the intermediate portion 41 was made equal to
the upper portion 41ic and the lower portion 41b. That is,
the sample S, is the conventional crash stop where a metal
pin without the reduced intermediate pértion 41 is covered
with the elastic body 42 in the same way as the sample S;.
The aforementioned samples S; and S, were incorporated as
outer crash stops in the magnetic-disk drive shown in Figure
1. The VCM 8 was driven and the outer arm 23a of the
stopper arm 23 crashed on the sample S; or S, at a crashing
velocity of Vg m/s. At this time, the maximum deflection
quantity Sway (mm) of the magnetic head 3 and the maximum
stopping acceleration G (m/s2) of the magnetic head 3 were
measured. '

The maximum deflection quantity Sway is the maximum
instantaneous displacement from a steady position at the
time of crash of the magnetic head 3. The steady position
is the position of the magnetic head- 3 when the outer arm,
23a abuts the outer crash stop and is stopped, that is, the



17 position on the circunference DO. When the stopper armcrashes, the
magretic.head 3 is instantaneously displaced outside the circunference DO
due mainly to deformati on of the crash stop. The maxi num st oppi ng
acceleration Gis the maxi muminstantaneous stopping accel eration of the
magnetic head 3 at the tinme of crash and ng used as a standard for the
shock absorptivity of the crash- stop. In the setting of the crashing
vel oci ty VLeLEL;apd fhe fpasus g@%%%r%fn&tehe pBRX! Myedel {REt | ANt ietoh
Sway and naxI hmum St oppi ng accel erati on an op tlca er sen

enpl oyed. cweehephe Ehasmasgeardicochegdved sée twquwuszlmdﬁaselmds 52

ms and thsueeaaeurmé\gc&e@wfe&eheeseﬁot euehrre@mws Lol O &ERIel 3h UIcE

(20), low errpera ure and eratur yespective. crash
Cxpat | ment EDROPEaRE [HaRa $48) Berinim SCORD (N ST TARATH Fon, Coe
Vierr] maximum instaowvaesgus stoﬂ:d)ngTampeleraluughn 'Eﬁhpthe magnetlc

3 C 2 I er

G S[errjmdl %_ a1-2 EEe tlgteere{ Srﬁgg anéi 8’7?3 u§%8 8]6; 196?)Bda§% J’F&Jg

0.671 the shocs[ebsprptawity efsade cragdl stop.663 1.584 0. 559

3. 52 Slerr] Oz853nel sle:l:%lngl Se/ thel gﬁéshlﬁa?’%lo&iﬁﬂov (d$d  the

S[err] 1.286 0.825 1.679 821 Sult of the

af or enent | BABEVERHERLEX pefi rﬁal?ﬁ s“!aéﬂgwéﬂ/md?ﬁl?ﬁﬁll@n 1QUaEELY o1 Sweayof alnﬁ’e

HBXInun1de&éﬁﬁhﬁﬂﬂgﬁ@@@hm@yadﬂemaﬂatiﬂﬂithﬁn ot L€al of ibéhe sefiBdirMids

st oppi ng accel erati on giégomn in Ta S.an; sg ‘?ge vgl e of the three
| uec

sanpl es an@™PuP¥fér nor 8+ ﬁmm?}“?% th Pferlﬁé:l two ways

2.74 m/s and 3.52 m/s and the surrounding temperature set to

three ways, room temperature (20_), low temperature (3_C),
and high temperature (60_), respective crash experiments

were performed.

Table 1
Surrdunding Temp.
Ve
' Low Temp. " | Room Temp. High Temp.
3 C 20 C 60 C
Syay G Sway G Sway G
2.74 . Sn 0.'72‘1 0.873 1.000 1.000 1.135 0.671
(m/s) | |
Si 1.072 0.668 1.381 0.663 1.584 0.559
3.52 Sn 0.953 1.115 1.227 1.213 1.370 0.840
(m/s)
S; 1.286 | 0.825 | 1.679 | 0.821 | 1.838 | 0.704

The result of the aforementioned crash experiments is
shown in Table 1. The value of the maximum deflection
 quantity Sway and the wvalue of the maximum stopping
acceleration G shown in Table 1 is an average value of the
three samples and furthermore is normalized with the value



18 of the sanple S[err] at a velocity of V[err] = 2.74 ms and a

sur roundigng tenperature of 20 Cas "1." FromTable 1 it is found that
t he maxi num st oppi ng accel eration G of the sanple Si which is the crash
stop of the present invention has beconme snmaller than that of the sanple
S[err] which is the conventional crash stgg. A smal | maxi mum st oppi ng
accel eration G means that an operadtion of tenporally dispersing shock force

i s high, that shock absorptivity_ i ref or C n be ai_d
Lhat the sSpi'di; SAEYS Saptt oft | HeIRBLEY ARty Sei it FA (REPs e o
Slerr]. surEoundengDrtempteesmwlIawfequ@ @sarfd .ghock experi rrents were done
for investigatin e ni tab e th
9 B b 'P%ﬁi% ‘1 539 Sitedl g{:gﬁ?iegi 4&2 tﬁéasr&xi%ﬂf s%%gp%g €

present i nventi on. the d scription
exper i ment 8cceesatiosd G ?%e Pérrﬁ@t"&’clt?r Sicyehichypar |t|@ntc#%516n§tﬁﬁel°é an

01toeraz1 6 on @ﬁea@x%{s’l%it?' in{rehtulaﬁ thes ?Béaé?ec'éi’daiﬂe&rlt’ﬁaﬂa‘tﬂm the @:'l—é'Sh
St op I NCOr rate In, a e 1nto a | ow erat ure atnospner e

i oh- tenpePSTHLE . dmo¥PieRe 1o Lt totv SRUARALT nEReaD (it A neHa
magnet i c- dnakimdi \sa:opmmg aatedleaadloh IG5 mernsest tgatetin/\hqbéreatmnn@if the
magnetic h a r ut S t

ci ?cum‘ er eﬁ%ﬂg{ér%\%}& g&%ﬁeé’%lﬁ g?‘h F&géé]gfl% h el rrtg)is'%eser Vo %I?lgc

I n the casabsprpbivityelisst hégbedy 'ﬂlzer¢ﬁ¢rexan=§| es:arhalgeb@@nddetﬂ@atm@hmd
therefore ghgo PQS'SI&;)OBsatsdﬁéﬁfbxt henoWiRicidr MLSFpeivity keadwe ms%mpiléUtS

the outer crash st 40a has slipped out of place, the nagnetic heac Wil |

not be corPeect |y positioned over the circunferential initial position DO

and wi Il not be phiehbembgad OtémbdLaterdo d@ile oand heshudier ERperseend s
er. nent_Js one ere the crash st

track DO. The shock op 40.1S qi.v a
o oot or i NetesHgne Eabedrnanr igarie e faosfr faitdh iR b L ERal e
is startedcrast i stop |i40estf gatleal \pgtdemrt orinventtion .magndficbhoghd Bhies
capabl e Ofdé'eéﬁeay description of the experiment;s is omitted, the

temperature cycle experiment is one where an operation of

alternately letting the magnetic-disk drive having the crash
stop 40 incorporated therein alone into a low-temperature
atmosphere and a high-temperature ‘atmosphere is repeated
‘predetermined cycles, then the magnetic-disk drive 1is
started, and it is investigated whether or not the magnetic
head 3 is capable of normally reading out the servo data on
the circumferential initial position, that is, on the
outermost servo track DO. In the case where the elastic
body 42, for example, has been deformed and therefore the
position at which the outer arm 23a of the head arm 23 abuts
the outer crash stop 40a has slipped out of place, the
magnetie head 3 will not be correctly positioned over the
circumferential initial position DO and will not be able to
read out the servo data on the outermost servo track DO.
The shock experiment is one where the crash stop 40 is given
a predetermined shock force with a shock tester, then the
magnetic-disk drive is started, and it is investigated
whether or not the magnetic head 3 is capable of normally



19 reading out the servo data on the outernost servo track DO In either
case‘t'he servo data on the outernost servo track DO could be read out

normal | y. Thus, -in the aforenentioned enbodi nent, by providing the
cavity 45 in the boundary between the netal pin 41 and the el astic body 42,
t he shock absorptivity of the crash stop 4@ can be enhanced w t hout changes
I n outside dinensions and elastic material, whereby the protection

per f or manc of. the actuataor _can enhanced. Al sg by _varyi_ng .t
it er o e drenatorta. SreiRl A TRar At oBBFETaRca PerSP e - pi
.41 to vary Irheeithekneeseofthehesernvot @ats, darhethhooktabwospt isgirtvp dfradie

crash stopp) LN P I R8lY S UsbARa11y. |0 addition, the elastic body 42
has been provided with the blade portions 43, the support portion 41d of

the metal pin 41 TS bedR 549 eafrrepenkdonpds PIB G Hpor PYh ROV ng
that it camhee ddebty psl lied thé BOAnHASGr bedweand tHe wdPRel paEs 4af 4A@

bl ade portigons 44 have contacted wth the inner side.surface of.the crash
stop i nsertiig ROPECAE, Ck@ﬁ’f% e4§ei n %oﬁ{}’roféqt e%.oso%@thv%: séﬁjegea ?Wa}é is
no need tostomectOt heagr ashe st ephd@celir ongltheartew clusomges | onnanduteide

nounting a e | n tgﬁl h to sr%gn | £-di lve can
easily be ggr orne ,é V\%err%by t sggigésse‘ﬁ)%\%&dnd &n}%ﬁ:m naﬁ%:%éogie%%%%&%f
t he magnet Pexdiosmadiqe/e dfanthbe spapUaEPEd.can bq nephangedrenerdl®med by

enbodi ment yawkiilRy tHRe ! eRReY f@TahFed NAikBAsEaMI by 4P has befeRiLyifed in
t he net al E)l n-41, this rgc‘gﬁ?s rrag\?ﬂl sQ be_provi ded IP‘ th ,%{I%stlc bo%ﬂ.

Figure 8 i §OXtIEL i%hfaloi sAehRhgPtRe4dt FACVEBFE bPeat eSS hdhg a
-recess provagddy MmN ehestdhododybéorpf bvitygofi the torasH nstbp @vasdurst op

shown in Figur shaf t,- shaped netal pin 61 is press fitted into the pin
I nserting }?%I ﬁé’%&ygfaéaﬁlée ea(is]‘tic body 62. A ring-shaped recess 62b is
~provided in the iImmeaddarfiooe othehel@atic body 42 has been provided

with the" blade portions 43, the support portion 414 of the
metal pin 41 has been fitted into the crash stop support
hole 10d so that it can be freely pulled out and inserted,
and the upper ends of the blade portions 44 have contacted
with the inner side surface of the crash stop inserting hole
6c, while being contracted. As a consequence, there is no
need to connect the crash stop 40 through screw connection
and the mounting and demounting of the crash stop 40 to the
magnetic-ci‘isk drive can easily be performed, whereby the
assembling and maintenance operations of the magnetic-disk
drive can be simplified. |

In the aforementioned embodiment, while the recess for
forming the cavity 45 has been provided in the metal pin 41,
this recess may also be provided in the elastic body 42.
'Figure 8 is a sectional view showing the structure of a
crash stop having a recess provided in an elastic body for
forming a cavity. In the crash stop shown in Figure 8, a
shaft-shaped metal pin 61 is press fitted into the pin
inserting hole 62a of an elastic body 62. A ring-shaped
recess 62b is provided in the inner surface of the pin



20 inserting hole 62a. The recess 62b and the netal pin 61 forma cavity
65. ¢« ++ 4, The metal pin 41 shown in Figure 2 my also be conbined
with the elastic body 62 shown in Figure 8 to constitute a crash stop. In
this case the variable range of the cavity thickness can be w dened, so a

wi dth of adjustnent in shock absorptivitysggan be further w dened. In
addition, the configuration of the netal pin 41 is not Iim'ted to a shaft

shape, and.the canfig ti of t elastic b S ed.to

cyl i ndri cat"§ivdpe™ q:uﬁ ﬁ% tﬁglecaﬁ"f?/s%,S%%l % %gl?fl Pt 1%t s

partial |y fformedh SIthll‘tat 4%. i ncl udes a boundary region correspondi ng to the
af orenent i oned a ef] t%{irf Ge, raqgi Ongwﬁ that gi el Nya ndﬁélorq[géon
t 0 e

whi ch can absorb uttl g shock st oppe arm 23 cooper at’1 on
with the epggﬂqlel%dyum thqrheeleaﬁ#ugumonséf SR a\iil prguﬁet $i i ed

to a ring ghape ibutd ta r@ﬁ’aéﬁsé?t a $ANMtBiEChak shaP@ariablelt&
bl ade portions 43 is 'not

to th but | be t
Al so, the prGtr G Posi ‘EP?)HE]B?S?hegﬁi“a(rjz’epolr%‘fﬁﬁf’egyoﬂs%ﬁe :I \gf)il g’r b(ﬁj{/ 42
i's not | i madgadisttmeirite :posshocdn Sswptiviiygwan e furthediwidersddy, the
terial of th t tey |
I L

of the elastic bo 'S no urethane r es of
t he i nvent ne% 1lml¢%d h&e lFeeshaltscshapd., al@@@e the epritgusatipoppods &

present inwenidQn. t BRES | 22t hes aguant ageitclaal tRe §hQ£3}<lﬁQ§PIcE%1V'éHé§@” be
~enhanced w t hout changés in outside dinensjaons_and el asti,c nmateri al

provi di ng ENEtERFMAFe:n thE bEaWAEYy bt ke t he nﬁPgiflﬁF-ﬁngndlfhe”él a’bslﬁf ic
body. Al sopakyivany ngddied hlsezknehatof itheigelidys thernnirtddhe adepivrage
that the s O%@é@%%%éHIVItg Eﬁ a ggé%g fgﬂégﬂéiuttlng surface region
C, that is, in a boundary region which can absorb the
abutting shock of the stopper arm 23 in cooperation with the
elastic body 42. The configuration of the cavity is not
limited to a ring shape but it may also be a semicircular
shape. i
The number of blade portions 43 is 'not limited to
three but it may also be two or more. Also, the protruded
position of the blade portion 43 on the elastic body 42 is
not limited to the position shown in Figure 2.
Additionally, the material of the metal pin 41 is not
limited to stainless, and the material of the elastic body
42 is not limited to polyurethane rubber.
Advantages of the invention
As has been described above, in the crash stop of the
present invention there is the advantage that the shock
abgsorptivity can be enhanced without changes 'in outside
dimensions and elastic material, by providing the cavity in
the boundary between the metal pin and the elastic body.
Also, by varying the thickness of the cavity, there is the
advantage that the shock absorptivity can be finely

adjusted.



21 The el astic body has been provided with the bl ade portions, the
supporit’ portion of the netal pin has been fitted into the crash stop
support hole so that it can be freely pulled out and inserted, and the
upper ends of the blade portions have contacted with the inner side surface
of the crash stop inserting hole, while be2ng contracted. Wth this
arrangenent, the crash stop can be nounted w thout using screws and

therefore there ig,Lhe e%gé/ g%(%ﬁaq_,l akhe, gantE?IQgg d%}mlllpt ltﬁg of1L88

crash stop to the magn rive can easi perfornmne
Fur t her nor @oFriens, ditde dusup@q;‘rt tR@rEF@l@erﬂf i fr nt%ﬁal hérlen | §agnebeen

gdvant i’ige thadtddie iptet adld oaragm(‘j cyd th omehaméuw[%m% Eed%mansed
y enpl oyin cra op_provi.de e_Ccavi in the boyndary

ot ween 1 hern G B etk e BNt SRR 2B kiry VRS BROS: G ¢ hbe
crash st op bitad#s pra:stidansshpprer toptaicted arth hthebliatepeidonsurfaes eofs
t he advant S I n C be
sinplifi eda&%rlée'?éfgscrlsét ?Lg% o?‘qtn%g%& awi hﬁﬂfi’é %eq%%ﬁé%r%}slés@é;dt op p an
vi ew showi rithishe annagigeneni i t (hiconcyhsh rra‘gwet icandi e dmpuatadcovithguto

an embodi mep;,0f LBeeRECSHIY tRYPBELPE: there Fi'élut'iﬁezaki%aﬁtﬁﬁét anal Vhew
showi ng the structures of_the outer crash stop and gerl phe In the

enbodi ment WIURNGr 88entdqnREHIIRG; OF heFic‘g"I?rsé"‘ FrIP atRetEg ‘W%V\PB%CY he
crash st op disk herrdodanesis iyt be pégseﬂﬁednvent ion and a partial cutaway

plan vien of he SLESLEBoRY: un | RO i © FdRlel Loy 0T Lleoresh

Figure 3; inveriiipjpme Bhesea det aithei eadmantagecrahhtstd:rha n phetection

embodi ment Ol N ESCRE T INENHARNAYL AL I SLAGNLEY ObyF! b fosing
the crash stop provided with the cavity in the boundary
between the metal pin and the elastic body. Finally, by
employing the crash stop which has the support portion and
the blade portions, there is the advantage that the
assembling and maintenance operations can be simplified.
Brief Description of the Drawings

Figure 1 1is a top plan view showing the rough
constitution .of a magnetic-disk drive according to an
embodiment of the présent invention;

Figﬁre 2 is a sectional view showing the structures of
the outer crash stop and the periphery in the embodinent of
the present invention;

Figure 3 is a detail view of the crash stop in the
embodiment of the present invention and a partial cutaway
plan view of the elastic body;

Figure 4 is a detail view of the crash stop in the
embodiment of the present invention and a left side view of
Figure 3;

Figure 5 is a detail view of the crash stop in the.
embodiment of the present invention and a right side view of

Figure 3;



22 Figure 6 is a detail plan view of the netal pin of the .crash
stop i‘n tshe enbodi nent of the present invention; Figure 7 is a top
pl an vi ew showi ng the same nagnetic- disk drive as that of Figure 1, the
magneti ¢ head having been evacuated to its evacuation position; and
Figure 8 is a sectional view show ng the g@ructure of another crash stop
I n the enbodi nent of the present invention. Description of synbols 1 ..

magnetic disk 3pg ur@agnqg(érﬁéﬂhlf'planrQi@%'Qﬁaﬁhéhﬁgﬁa16p1n o%p@ﬂé
yoke 6¢ ... crash stop i nserting. h ... actuator ... enclosure

10a ... baSE2EBoELtOR g thén W%% &fu@'&e Rygsent é1nr¥§’1'1t§1°6b suppor t
hole 22 ... headragurd3 7 .is S opperpdam ¢lew. shéwas§ shapsdhe @hgnet iet al

Por't i on 41858, GEH T p8,0TRa6n S ot 3 b | BREREFIS sadDBEvipe,
metal pin heen62vacuaeleg}stt|oc itedevduatidn gpdsigdomi;omndd ... upper end of
a blade portion #9408 g -1£3Y E%c84Bnal: ViR ShdwiR) Eh@SLELuBPEYe of
another crash stop in the embodiment of the present
invention.
Description of symbols -

1 ... magnetic disk
3 ... magnetic head
4 ... rotational shaft
6 ... upper yoke
6c ... crash stop inserting hole
7 ... actuator ’
10 ... enclosure
10a ... base (bottom portion of an enclosure)
10d ... crash stop support hole
22 ... head arm
23 ... stopper arm
40 ... crash stop
41, 61 ... metal pin
4la ... intermediate portion
41b ... lower portion
41c ... upper portion
41d ... support portion
4le ... knob portion
41f ... recess in a metal pln
- 42,.62 ... elastic body
43 ... blade portion
44 ... upper end of a blade portion
45, 65 ... cavity

62b ... recess in an elastic body.



CLAIM5 1. A crash stop for regdlating a range of rotation of an actuator

of a’disksgdrive, conprising: a netal pin; and —an—elastic bady
whi ch covers said netal pin; and wherein a cavity is provided in at

| east a portion of a boundary between said netal pin and ,ﬂ’ﬂﬂ”m”ﬂm
2. The crash stop as set forth in claim 123 wherein sald

partially in said boundary so as to include a boundary region cor f'es onﬁlng
to a surface region of said elastic bo ifa@d said actuator abuts. 3. The
crash stop as set forth in claim?2, wherein by press-fitting said netal pin
provided with a Re€&38hi BUARS fox craguilaténgom i vanget of saodasien iaf hady

provi ded wigddtwatbR bASEI4ioK APiee, SAbMped¥ihy:is formed by said recess of
said netal pin and an jnner surface of said pin inserting hole. 4. The

crash stop as se® ToF®h PH2eI &Pt 3, wherein said recess of said metal pin
is formed in r|rqpfe&ambycﬁhhdygwhmchntevardleaﬁdpmetabnpmﬁ aasdaft - shaped

por t1on i nto | ar e e T Ll BrblAaeR 4po e ARRe H 'L 0 fe i 2"
claim 2, whawidaty lpws@em. saidgnebad pinadngdi maidtelastétabody. body

having a pin insgidi pgaBgl es@atsi QEO‘Q&Edf&Hi' anr e&l%?»ﬁn' §, aRndyean Syéigce

of said pin inserting hole, said cavit ormed. by said recess of sai

el astic bo@PEHY a %r%@@léﬁdsapérﬁféﬁip-ypl m Faldhbumdaryst 68 adsSseko
forth in C|J.&ld!lhfde V\er@uhd&aﬂyd xregem @asr.ﬁ@spbﬁamgl gobadysurFddy Mesyhyn

maki ng a ho npf a |nd I cal I _nmenber as a pin-inserting
hol e and f %E%FIPP%% {n?%+d g Hﬁt?ﬁ %ﬁuéﬁner surface of said

pi n inserti3ng hdll‘kae crash stop as set forth in claim 2, wherein by
press-fitting said metal pin provided with a recess in its
intermediate portion into said elastic body prbvided with a
pin inserting hole, said cavity is formed by said recess of
said metal pin and an inner surface of said pin inserting
hole. | S
4. The crash stop as' set forth in claim 3, wherein said
recess of said metal pin is formed in ring form by making an
intermediate portion of a shaft-shaped metal member into a
small diameter portion and an upper portion and a lower
portion into large diameter portions. |
5. The crash stop as set forth in claim 2, wherein by
press-fitting said metal pin into an elastic body having a
pin inserting hole and provided with a recess in an inner
surface of said pin inserting hole, said cavity is formed by
said recess of said elastic body and a surface of said metal
pin. _
6. .. The crash stop as set forth in claim 5, wherein said
recess of said elastic body is formed by making a hollow
portion of a cylindrical elastic member as a pin inserting
hole and forming a recess in the form of a ring in an inner

surface of said pin inserting hole.



24 7. The crash stop as set forth in claim2, wherein by press-fitting a

metal ptneprovided with a recess inits |nterned|ate portion corres ondlng
to the recess of said elastic body into said el aStICJMH“smlﬁ“m“Hlﬂrmy
formed by the recess of said nmetal pin and the reces I body.
8. The crash stop as set forth in claim724wherein: sai d"recess of
said netal pinis forned in ring form by naking an internedi ate portion of
a shaft-shaped ngpal B0 gssrgae 8b2PR! &f PRALLAN ANT WHLANRET 1y
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said netal pj ?@ mherein said netal pin has a first end portion and
‘a second end por he first end portion being used as a support portion
which is frikeely Tléﬁmﬁﬁ@%\ stopedsi aeb ﬁoﬁ-hshnscgpl@u'ylpowhehgm provi ded in
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used as a ttion oW ng sai d support portion to
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be det achaﬂ?ag"vﬁﬁh ?%sp%’&‘fe’E‘ngh‘FHecrﬁgﬁté?’ap %ﬁpp%rtsjlﬁ%f-'é‘s%%ﬂe‘i m@R&tei n
said el astgmedﬂa%iry dﬂg@rSa Bmaﬂlﬂ_tldli’laluﬁétehlsapdrﬁﬁibm i ﬁ?t \gﬁgjéxsaparﬁﬂbvﬁmth
portion and, sai n POLLl an as re, bl ade portions ic
protrude in a‘fl i; np? gﬁgaigf?geaﬂbﬂgegffngﬁFﬁoﬂﬁObgBGrt i on. 10.
The crash stop a&s@t réoesh prE dadiidn @l asihisr ebodyipper femtiedotbys anak ihade
porti ons coUly Apokpieh feas¥fPttuicd CéiéQt%EO%érrﬂa%"z“iHth% pin

formed in an upper
inserting hoie and forming a recess in the form of a ring in
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an inner surface of said pin inserting hole.
9. A crash stop for'regulating a range of rotation of an
actuator of a disk drive, comprising:

a metal pin; and

an elastic body which covers said metal pin; and

wherein said metal pin has a first end portion and a
second end portion, the first end portion being used as a
support portion which is freely removably fitted into a
crash stob support hole provided in a bottom portion of an
enclosure of said disk drive, and the second end portion
being used as a knob portion for allowing said support
portion to be detachable with respect to said crash stop
support hole; and

wherein 'said elastic body covers a .portion of said
metal pin between said support portion and said knob portion
and also has two or more blade portions which protrude in a
direction formihg an acute angle with said knob portion.
10. The crash stop as set forth in claim 9, wherein upper
ends of said blade portions contact an inner side surface of
a crash stop inserting hole formed in an upper yoke, when



said support portion is fitted into said crash stop suppeﬁf--maid

upper yoke is disposed in upper space of said crash sto ﬁmnd
said crash stop inserting hole is positioned just abovﬁiﬁm‘u‘m
support hole. 11. The crash stop as set forth in clai reit séid

upper ends of said blade portions each havis a snooth curve whi ch becones a

natural convex state toward the outside so that the upper ends can
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noved al ong a surface]_Il sai d magnetic disk; and a crash stop whic
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wi th: side of said knob portion.

13. The crash stop as set forth in c¢laim 9, further
comprising a cavity provided in a boundary between said
metal pin and said elastic body.
14. The crash stop as set forth in claim 1 or 9, wherein
said metal pin comprises stainless and said elastic body
comprises polyurethane.
15. In a disk drive equipped in the interior of an
enclosure with:

a disk which is a data storage medium;

an actuator having a head arm and a stopper arm and
rotatable on a zrotational shaft so that a magnetic head
mounted on a front end of said head arm is moved along a
surface of said magnetic disk; and '

a crash stop which regulates a range of rotation of
said actuator when said stopper arm abuts said crash stop;

the disk drive wherein said crash stop comprises a
metal pin and an elastic body covering said metal pin and
wherein a cavity is provided in at least a portion of a
boundary between said metal pin and said elastic body.
16. In a disk drive equipped interiorly of an enclosure
with:



a disk which is a data storage nmedi um an actuator having a head arm
and & staopper armand rotatable on a rotational shaftso that—=a nagnetkc
head nounted on a front end of said head armis noved

sai d magnetic disk; and a crash stop which regul aﬁm!ﬁ MH" T"
rotation of said actuator when said stoppess arm abuts sal ¢ cnas

the disk drive mherein said enclosure is provided with a crash stop
support hole at its ortion; ¢ éai crag& stop conprises a neta
pin and an elastlc‘%o y %ov |ﬁ %a?% Pret ?r%$%1me iu M&ai d netal pin has a
first end porti orarandcauséoemdlaerManoat iherad tamen f andt sendtppper omrive augd
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stop support hole, and the second end_portion being used as a knob portion
for all owi H@%ﬁqﬂ sBBpd t Lpenti GRd PHosaifadinhs c2RRT A& dig¥ed Bdog P

crash stop ssifffeRid dPlfiidnfhgnetisadisle} aghdc body covers a portion of
‘said netal pinbetween s id.su po&/h ortlor}]’%nd sai d knob(g rtl n and al
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has more than oné bFﬁag osrtt? §& Fn 808 ﬁﬁl%loﬁlg %
acute anglsamdfacnuatdeWh¢mwsaD®.stopper arm abuts said crash stop;

the disk drive wherein:

said enclosure is provided with a crash stop support
hole at its bottom portion;

said crash stop comprises a metal pin and an élastic
body covering said metal pin; .

said metal pin has a first end portion and a second
end portion, the first end portion being used as a support
portion which is freely removably fitted into said crash
stop support hole, and the second end portion being used as
a knob portion for allowing said support portion to be
detachable with respect to said crash stop support hole; and

said elastic body covers a portion of said metal
pinbetween said support portion and said knob portion and
also has more than one blade portion which protrudes in a

direction making an acute angle with said knob portion.



