REPLACEMENT SHEETS SG DI SK BRHVE-W-TH SHQCK- RES| STANT RO'I;ARY. ACTUATOR-: s

Technical Field This invention relates in general to data recording disk
.drives, and nore particularly Thi HeastBeen Repe@ddi ng rigid di sk drives with
rotary actuators that have nean [ he actuators when the drives
are not operating. Background o n D sk drives, also called
disk files, are informati on storage devices that use a rotatable disk with
concentric data tracks containing the information, a head or transducer for
readi ng amsdifacevdurting gtalatendstop éperativhispuse laf déditatedhnding Goratwhere
connected to a carrier for the head for noving the head to the desired
track and igBidMdairnk kéd%ﬁ{ ; 'Hﬂ’%ir L df'gﬁ e Lte
operations. There are typi ca”f%&%dﬁ"%ﬁg’?\"f‘y 0 B&ngs elgglrlgtgge g{,ndg% cer
rings and stacked on.a;hub that is . rotated by a disk drivwe noior. si ng
supports tﬁ%@gdﬁia\/%p%?‘al& @Wﬁ%é’&ng@%&&o%ﬁﬁag%ﬁ H{ﬂ\@% digpae eé'agng\r?g%esk
to provide a substantially sealed environnent for the head-disk interface.
I n conventdishallnrogteast oG9 disk griviesk leadinadoad hdiskedrives afdeess; thean
air-bearing slider that rides on a bearing of air above the disk surface
whers t he ditckionsproblerhi byynschahicablyenaloadivwg theetider Hvan thediiskivhen the
mai nt ai ned next to the disk surface by a relatively fragil e suspension that
connect s tifvey isdinb@ off, and’tHed Radifs tHesWder BiRkStol thR! disk whéR the ligked
toward the..disk surface by a small
has reached a speed sufficient to generate the air bearing. The loading and
unloading is typically done by means of a ramp that contacts the suspension
when the actuator is moved away from the data region of the disk. The slider
10 is thus parked off the disk surface with the suspension supported in a recess of
the ramp. |
A separate reason for parking the actuator when the disk drive is not
operating is that the head, disk, or suspension can be damaged by a sudden
external force that drives the slider onto the disk. This is especially likely in
15 laptop computers.
In contrast to conventional air-bearing disk drives, contact or
near-contact disk drives have been proposed that place the head carrier in
constant or occasional contact with the disk or a liquid film on the disk during
read and write operations. Examples of these types of disk drives are

- 20 described in IBM's U.S. Patent 5,202,803 and pﬁblishéd European application

EP 367510; U.S. Pétent 5,097,368 assigl_'led'to Conner Peripherals; and
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spring force fromthe suspension, or is "self-loaded" to the disk surface -
by meahs of a "negative-pressure"ThiisheeD®aBedaRepldell ace on the slider. - To -7 =

i nprove the wear resistance.of the as to nmmintain consistent
magnetic properties, it is desirab mﬂgmglgll{ di sk surface as snooth as
possi bl e. However, a very snooth di eates a probl em known as
“"stiction". This nmeans that after the slider has been in stationary contact
with the disk for a period of time, the slider tends to resist

transl ati odab. Nateoten04h032stssigied w Chrstdr Corpordtiee. THdsettypss iof dislised
by a variety of factors, including static friction and adhesion forces

betueen ! Nerides knndlsdl belef tiid el thVpddiCtld Bt GRO with tE Hbd'carridkCl i On

in a disk drive can result in damage to or suspensi on when

the slider Vel s free from.the di sk,supf.ace when di sk rotation is
it at e, STHY S EREGE of FATAIIC iR N AniTE 35 HeF Rpkcifingy |

| apt op and noteBook (of0) ters, the drive notor maé sinply be unable to
initiate rotatiBRCHISES hﬁ' Ev%‘i‘fﬁfé?&tﬂ'l?@%@ﬂlﬁ% ead saryine capkacts 6R f or ces
t hat cause stuck sliders or excessive drag. To prevent the probl em of

sti cfi on timapacisdhedath regiorsbf the diskyelisk drivesttheb pairk thiesdctaatdrace,
conventional disk drives park the actuator against one of its two "crash

stops” so typitalljhhavtiseife typedt aitahiidoaddy Predshd ffe dofunitbe Godh Révibge
di sk when the drive is not operating. Contact start/stop (CSS) disk drives,

| - Cont top
it hoe G ma A g Qe ielod St QGO $Eb ebL ol PR Hebtngl

- where the slidernis.parked when the dr,ive i s not operati . Typically, the
| andi ng sshocﬂ, Passive magnetic or spremg Iocks applr;r rest:paein?ng ?o%*ces at are y

P

overcome when the drive is turned on and the actuator is activated. Solenoid
10 locks engage the actuator whén power is off and release when a current pulse
is ap.plied. A rotary inertial lock, as described in U.S. Patent 5,189,576
assigned to Integral Peripherals, locks the rotary actuator in the presence bf
an external forcg that causes the parked actuator to move away from its crash
stop toward the data region of the disk. The passive locks are especially
15 subject to failure in the presence of a sudden external force, the solenoid locks
are unrel.iable, and tﬁe ingrtial rotary_ lock has been found to be inoperable in
the presence of an external force that causes the parked actuator to move into
its crash stop.
What is needed is a disk drive with a reliablel_l}pi_ck for the parke& rotary

20 actuator that operates regardless of the direction of the external force.
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zone is a specially textured nondata region near The inside diameter (tD) - -
of the disk. In contrast to CSS ghisdedibiSiSn Re aE@ﬁd/unl oad" disk drives

address the stiction problem by ] ”l oadi ng the slider fromthe
di sk when the power is turned of:‘j I* u
di sk when the di sk has reached a I"Ci"™nt to generate the air

ing the slider back to the-
bearing. The | oading and unl oading is.typically done by neans of a ranp
that contacts the suspension when the actuator is noved away fromthe data
regi on of the disk. The sliderSumm ob th& tniverition he di sk surface with the
suspension supported in a recess of the ranp. A separate reason for parking

the actuator WIgR pRReflt SvdlltiorPid & ik dRRRY HdtNEsesSa bidiredtivhdladtarydi sk,

or suspension can be danaged by a sudden external force that drives the
slider ont | L S1.) | l. kel y I 0 I n
cont rast Paeie HLR f pilfaly ROEIRE T Rupdey i Holobrked PodRofO TR D
di sk drives have been proposed- that place the head %ﬁrrig{ iﬁ constant or
occasi onalengagenthe ariuaton even iR the nrepents of arptatpnalaccelerptign teRgIng 54
and wite operations. Exanpltes of these types of disk drives_are described
in 15BM s o Sriveatlmacthazo2rgohermaghistophda therpnefermed ppabediment, Hre
367510; U.S. Patent 5,097,368 assigned to Conner Peripherals; and .4

U.S. Pat erbtdryOhbrldPlorkSingalbs! # flerilsie datdhoanar thiat 48 aldddsivenyines acdtogi sk
drives may al so be of the type that park the actuator with the head carrier

in the presence of the same acceleration, but _rebounds to engage the actuator

on its rebound from its crash stop.
For a fuller understanding of the nature and advantages of the present
10 invention, reference should be made to the following detailed description taken

together with the accompanying drawings.

Brief Description of the Drawing
Fig. 11is 'an illustration of a disk drive with a prior art rotary inertial
lock in the open position.
15 Fig. 2 is an illustration of a disk drive with a prior art rotary inertial
lock in the locked position.
Fig. 3 is an illustration of a disk drive with a prior art rotary inertial
lock showing the inability of the lock to lock the actuator when the actuator

rebounds off its crash stop.
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away fromthe data region of theﬂqu when the drive is not operating.
Because of the adverse consequences if the head carrr er contacts or |rrpa A
the data region of the disk, disk Brla kedt he. act uat or typi ically
“have sone type of actuator | ock to uﬁ,"" uat or from noving the

carrier toward the data region of t event of an external
shock. Passive magnetic or spring Ioc S app r raining forces that are
overcome when the drive is turned on and the actuator is activated.

Sol enoi d | ocks Eiygags amellastratibAlof ¥ 8skPaMRE withhle Ry Maang w\ékeefa
current pulse is applied. Arotary inertial |ock, as described in U S

Patent 5, 1% s, C SRRl

Pat ent 5 185 ache 3haas Sk ot Bl B4 PIRRL Sk S0 e@a?rz%%or
actuator t a s;crash stop toward the data region of the

di sk. The %%1 6@ {aﬁq@"i’:&e(‘%ébséqquj subject to failure in the presence
of a sudden external force, the solenoid | ocks are unreliable, and the -
inertial rotaryFigdkismr illestrationrof & dlslkednmeparthtarealtnmmvepleadmahment an

external force that causes the parked actuator to nove into its crash stop.

What5i s nexfode ratary ibexitiallosle of\thé poesesitiinbbatibadk fheropdieppsitioad rotary
actuator that operates regardless of the di rection of the external force.

5 Summary of t hgjd, Wﬁ%%&i‘ﬁf@fxw&é@ Bhish E]tghrz ac% e¥shddilenySes

a bidirectional rotary |nert|a ock tore |ab y loc ator In the
parked posdgon otlrf in al lock of the present invention in the locked position.

Detailed Description of the Invention

Prior Art
10 Referring first to Fig. 1, there is illustrated a top view of the interior of
| a prior art disk drive with the housing cover removed. For ease of illustration
and explanation, the disk drive depicted in Fig. 1 is shown as having a single
recording-r head and associated disk surface, although conventional disk drives
typically have multiple heads and disks. The disk drive comprises a housing
15 base 10 to which are secured a disk drive or spindle motor with attached
. disk 12, a rotafy actuator 14, a load/unload ramp 30, and a rotary inertial
lock 50. The base 10 and a cover (not shown) provide a substantially sealed
housing for the disk drive. ‘
The disk 12 has a data region 13 and includes a thin film of

20 conventional perfluoro-polyether (PFPE) lubricant on its surface.
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engages the actuator even in t'he—pr—esa‘rce—of—a—rotational accel e'rati@.;

tending to drive the actuator i o he cras In the preferred
enbodi nent, the rotary |nert|al e IeX|bIe | at ch arn1that
al so drlven into a stop in the pr sanme accel eration, but
rebounds to engage the actuator o fron1|ts crash stop. For a
full er understandi ng of the nature and advantages of the present invention,
ref erence should be nade to the follow ng detailed description taken

together with tTheattaynaniang T fd¥aBes on B pRiot DS fifouritb@ o Yask ®. Dr awi ng
Fig. 1 is anillustration of a disk drive wwth a prior art rotary inertial

lock in thg.opsh: aaagttyg{ea}lg agbal%:{cg téJQ)eusffcé b 1%9&@@&0@&%&9 with a

prior art rotary inert p05| i on

il lustrati,on .of ive Wt rotar e | ock ,show ng
t he i nabi I]??‘?ngfatcﬂléik] &?%IBOY??C i’a@l‘hﬁ ‘W’@&l"ng iaitcf'ﬁﬁt‘ﬁ"F‘*‘a"f‘eet‘oounds
off its crash stop 6 Fig. 4 is an illustration of a disk drive with the

rotary i neassemblvd@nt showne npmgﬁedttol basent0.odns boteide dimmetim(@ It exssdd

lines) to lock the actuator following its rebound (dashed lines). Fig. 5is

an i 5l ust rstopot0 ahdaarirdide diaetdrt (IDprerash stapi wereanibadtetets bage 10eto
rotary inertial lock of the present invention in the open position.

limit the travel of rotary actuator 14. The crash stops may be rigid posts with

elastomeric O-rings, such as O-rings 41, 43 on crash stops 40, 42, respectively.
Alternatively, the crash stops my be rubber bumpers or resilient cantilever
beams. The actuator 14 has on the end opposite coil 17 a rigid arm 24. A

10 suspension 26 is attached to the end of actuator arm 24. The suspension 26
may be a conventional type. of suspension such as the well-known Watrous-
suspension, as described in U.S. Patent 4,167,765 assigned to IBM. The
suspension 26 supports i'.he head carrier or air-bearing slider 22 and includes a
tab 28 that extends beyond the slider 22. A read/write head or transducer 20

15 is formed on the trailing end of slider 22. Transducer 20 may be an inductive
read and write transducer or an inductive write transducer with a
magnetoresistive (MR) read transducer formed by thin film deposition
techniques as is known in the art.

A load/unload ramp 30 having a ramp portion. 32 and a recess 34 is
20 mo'unted to the base 10. Ramp 30 supports the suspension tab 28 in its

recess 34 and thus serves as the parking location for actuator 14 when the
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Fig. 6 is anillustration of a—disk drive with an alternative enbodi ment offu
the rotary inertial |lock of the present invention in the |ocked position. -~

Det ai | ed Description of the |nvR¥ HgsBeepReplatedRef erring first to Fig. 1, .-
there is illustrated a top view r of a prior art disk drive -
wi th the housing cover renoved. | ustrati on and expl anati on,

the disk drive depicted in Fig. 1 is shown as having a single recording
head and associ ated di sk surface, although conventional disk drives

typi cal | y dislv drivel isi ipiteopeeatingarifigdilsitustrdtes dhé lactiatoe oparkekd.ea, housi ng
base 10 to which are secured a disk drive or spindle notor with attached

di sk 12, @uspédivnaabud fdsi ﬂ:\;ei;h %ﬁgﬁfg%@msﬁ 4 P acﬂmgﬁm%?éen inertial

| ock 50. The base 10 and a co provi de a substantially seal ed

housi ng fQr i sk drive. Re dis 2 h atq tegi.on 13 anghddgl ydes a
thin fil m%éP}‘ngnt\q}l n T%ﬂglflp%fr (jfjﬁu% %P?e@;eff *g?fF%é;‘ QRipE s @ﬁ%ﬁ?ﬁ

surface. .7 The rotary actuator 14 rotates on _a pivot 15 m)un% 5 to. base
10. Act uadstver then the actuatoy 14 pendd beparked agajnsk the O-ringstd e i psh
actuator having a coil 17 that noves through the fixed nagnetic field of a
magdet asstopid gmbthe shider 2Bouotlddbé at lrasteori @ teAturad nondath larating Z00L)

crash stop 40 and an inside dianeter (ID) crash stop 42 are nounted to base

10 E o li Tﬁtt thReD réxish dfftheqlisk Y1 R CAUSARIvel detubllbr FckSoY &'soRndi@Yodle rigid
posts w

would be used to keep the actuator 14 parked with the slider 22 at the landing

zone.
A rotary inertial lock 50 is also mounted on base 10 and includes an
10 arm 51 having a tip 52, a latch stop 53, a counterweight 54, and a torsion
spring 55. The inertial lock 50 is a rigid body, rotationally balahced, thét .
rotates on a pivot 56 mounted to base 10. Pivot 56 is ﬁarallel to pivot 15 of
actuator 14. The torsion spring 55 (or other means) urges the arm 51 up
against latch stop 53 to hold the lock in its open position, which a]lo;vs free
15 rotation by the actuator 14, as sh-own in Fig. 1. |
When the rotary lock is in the locked posifion (see Fig. 2), the tip 52 is
engaged with a mating surface 57 on actuator 14, which prevents actuator 14
from moving the suspension tab 28 off the ramp recess 34. Fig. 2 shows the
latch tip 52 and the actuator mating surface 57 at an imaginary engagement
20 point 59, which is the intersection of the circular arcs formed by the tip 52 and

mating surface 57. If the disk drive were a CSS disk drive, the rotary lock 50

AM9-94-002 : -8-



el astoneric Orings, such as Orﬂ—ﬁgs——A—}——éte—eﬁ—mLash stops 40, 42,

respectively. Alterpatively, the ¢ a h be r ubber bunpers or' T
“resilient cantilever beams. The .a ﬁl the end opposite coil 17
arigid arm?24. A suspension 26 is I e end of actuator arm 24.

The suspension 26 nmay be a conventi uspensi on such as the

wel | - known Watrous suspension, as described in U S. Patent 4,167, 765
assigned to IBM The suspension 26 supports the head carrier or air-bearing
sl ider 22wenid bedesifyredatd adtadd in the oppbsind diteryiondfrohretlsdt show2in Mig. 1
read/ wite head or transducer 20 is formed on the trailing end of slider
22. Transgygeoudd B@locatedBn! ﬂh‘éud?chbi’ QidSalacRAtd¥ i daraitash &6ép @R. an

i nductive wite transducer WI th a magnetoresistive (MR) read transducer

formed by thingfi} | S . kno |

| oad/ unl oad raw ﬁg ‘?P‘i%ig&gt}?%?gﬁegﬁséﬁi J:} \rﬂégeds}s‘;gﬁmﬁé} ﬁ%‘%n ed to
t he base ége ?‘tnﬁ 30 supports t he,suspension tab 28 in it ecess gé and
thus servike disk j2 at.s ronsiaph speedrnd the actrater 1Aratatss 2 Shast pivgt

drive is not operating. Fig. 1 illustrates the actuator 14 parked, i.e
suspensi omavatthesslidesi 22 ggneralarqdiabycsos the dutface af thadisk 12 S‘Oofih?éd
against the Oring 41 of OD crash stop 40. If the disk drive were a CSS

di sk dri vehe rgdiwiriR ﬁﬁhyéﬁ@ér 46 nywp hecdas dffeléitt daRl frakks ba therdatg 43 of
I D crash stop 42 and the slider 22 would be at rest on a textured nondata

Landl 19 7 PBAeR"13." ThbarrE $1°0F Btaty'fock' 56 is biaded REsih¥L 1A WP B3RPk Or 2

sol enoi d

spring 55 so that actuator 14 is free to rotate about pivot 15. The

suspension 26 provides a loading force to the slider 22 to urge it toward the
10 surface of disk 12. The data detected from disk 12 by the transducer 20 is

processed into a data readback signal by _signal amplification and processing

circuitry (not shown). When the disk drive is powered down, the actuator 14

is driven toward ramp 30 while the disk 12 is still rotating. The suspension

tab 28 contacts the ramp portion 32, moves up the ramp portion 32 and off .the
15 disk 12, and comes to rest in ramp recess 34. At this time, the actuator 14 is

parked and pressed .against O-ring 41 of OD crash stop 40.

| Fig. 2 shows how the conventional rotary inertial lock 50 works to keep

the actuator in this parked position when the ciri_ve is not operating. When

the drive undergoes a rotational acceleration in t.he clockwise direction (e.g.,
20 when the drive is accidentally dropped or subjected to sudden impact),-all

bodies inside the drive experience a torque in the direction indicated by

AM9-94-002 -9-




woul d be used to keep the actuater—14 parked with the slider 22 at the:=:"
| andi ng- zone. A rotary inertial lock 50 is al so nounted on base 10 and ~ = .~

includes an arm'51 having.a tip- s Sheet d53, a counterwei ght 54, -
and a torsion spring 55. The iner ﬂ ~a rigid body, rotationally
bal anced, that rotates on a pivot base 10. Pivot 56 is

parallel to pivot 15 of actuator 14. The torsion spring 55 (or other neans)
urges the arm 51 up against latch stop 53 to hold the lock in its open

posi ti on, arow 608 hileqveuntelidokivite @slativet tiettactioeorIf b, loak is presentn theg.
1. When the rotary lock is in the | ocked position (see Fig. 2), the tip 52

| S engageqoiddyy @uiBdd 14 ot f-&%%ggr{ga‘&g?gﬁf O Crashstopd @ by Bighecties act uat or

14 from nmovi ng the suspensi'on ta the ranp reCess 34. Fig. 2 shows

the latch tip 52 and,t ct.uat o mat,i syt fage, 57 i i y

engagerrentsuﬁg?ﬁmgg?bvﬁqf Eﬁe Femhy Oiaﬁfie?qg%vgﬁ‘h?rﬁi’cﬁert%bc%eﬁl ; &a%s f or med
by the tip 52 and mating surface 57. If_ the disk drive were S di sk
drive, th&egwmiy of he digk 12. s dgsaibed-abeyr this cowlddamage t%ﬁ% site

direction fromthat shQwm in Fig. 1 and woul d be | ocated on the other side
of @t uat disldomsaspensitah) ortalfow 2he Blidendgo conm tor rasd onptiveadisbn shexebyhe di sk
drive, the drive notor rotates the disk 12 at a constant speed, and the

act uat or eé&{ﬁﬁé%hét%%ﬁoﬁi pioblekn. (MoWBVEY, ithe rdtd e2Baltordkr 80 la¥so adi al |y
across the surface of the di'sk 12 so that the read/wite transducer 20 may

?ggﬁs Zod : Lgxg;%g@ggg%g@? %éﬁl%lk@tr@ﬁe é?g%g%%géﬁﬂi £ ahd-is H1€o He® Blrothtd 1 BRY
same direction. By appropriate design of the lock 50, the arm 51 will then
rotate about pivot 56 away from latch stop 53 (in the direction indicated by

10 arrow 61) and reach the engagement point 59 before the mating sqrfac_e 57.
The rotating actuator 14 will thus be prevented. from moving away from its
parked location because, shortly after it begins to rotate, the mating_ surface 57
will intercept the latch tip 52 near the engagement point 59.

The pﬁor art rotary latch 50 only functions if thg external torque is in

15 the direction tending to move actuator 14 away from OD crash stop 40.
However, if the drive is subjected to an external torque thaf; tends to force
actuator 14 into crash stop 40 (i.e., the actuator 14 shown by dotted lines in
Fig. 3 is rotated clockwise as shown by arrow 62), the latcil arm 51 will be
driven into lat.ch_ stop 53 (in the direction indicated by arrow 64). The crash

20 stop 40 has the elastic O-ring 41 which is designed to cushion impacts as the

actuator 14 reaches the end of its allowed travel in the OD direction. The

AM9-94-002 -10-



spring 55 so that actuator 14 fs—t-ﬁee—t—o—ret—at—e—about p| vot 15. The - . - = . .=
suspensi on 26 provides a | oadi n r t he sa der 22 to urge it toward .
t'he surf-ace of .disk 12. The dat sk 12 by the transducer 20 -
i's processed into a data readbac ﬁ ﬁmﬁz@’ nal ~anplification and

processing circuitry (not shomn) drive is powered down, the

actuator 14 is driven toward ranp 30 while the disk 12 is still rotating.
The suspension tab 28 contacts the ranp portion 32, noves up the ranp

portion 32actudtaf 14 twil bowicelelf theGrashBtop 207ed travel BBk (8RS idéetidN of
this tinme, the act uator 14 i s parked and pressed against Oring 41 of OD

crash stopudDaickl 1, 2 SHOWR P HnAPERONERLL A Thel B ALY idARE] Al bACKRD

works to keep the act uator ar ked p05|t|o e drive’is

oper ating. dr.i vie nder es ati acceleration in_th

cl ockwi se %ﬁﬁg ’ﬁtﬂé’ an énﬁlas tqem,ewgl]l i ?‘agbﬁﬁﬁgeaﬁ?‘i/aﬁﬁu@ﬁ%y q[‘hus,
subj ected to sudden inpact aII bodi es inside the drive experience a
torque in thecagtuaser idcanknuncecantoythe disk 12 moth 60, respense foonlaskeh@ckwi se
relative to the drive. If no lock is present, the rotary actuator 14 nmay

rot ase awa¥hérazceleationchusédpyibhetaxtonmval forque whdeBeivas todibldfthetlagck anp
30 and allow the slider 22 to enter the data region 13 of the disk 12. As

descr i bed ahAVSL obbh SwhOll theURiihlfy! 1P HBAALes Hirsle oRiHUBASAPbAR, Ry 21 | O

the slider to come to rest o presentin on
probl em I—?ir/%vg% .the rotary inertial |ock 50 aI So experiences the sane
torque as ‘tuator 14 and is also free to rotate in the

Preferred Embodiments
In the present invention, a bidirectional rotary inertial lock engages the
10 actuator regardless of the direction of the e:ttemal force. The preferred
embodiment of the lock 70 is shown in Fig. 4. The latch arm 71 is made
flexible and/or the latch stop 73 is made of elastic material. By appropriate
design and selection of materials for the latch arm 71, latch stop 73, and crash
- stop 80 with O-ring 81, the damping and elasticity of the latch arm/latch stop
15 system and crash stop system can be tailored to cause the latch tip 72 to
intercept the mating surface 57 of actuator 14 both directly and on the
rebound from crash stop 80.
In the embodiment of Flg 4, the arm 71 is made of polyimide elastic .
‘material and is designed to a specxﬁed thickness so that it essentlally forms a

20 cantilever spring. In addition, or alternatively, latch stop 73 may also be
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same direction. By appropriate ucalgll uu Llle tock 50, the arm51 will then :

rotate about pivot 56 away frgm/]atgch (in the direction indicated
by arrow 61) and reach the en een pefore the mating surface

57. The rotating actuator 14 WI vented from noving away from
Its parked | ocation because, begins to rotate, the mating

surface 57 will intercept the latch tip 52 near the engagenent point 59.
The prior art rotary latch 50 only functions if the external torque is in

the dir ectrhade tebaatinby tuserof\em Qeiingt 7 il 4 Misdinet s lap torthehacttaridrash
However, "if the drive is subjected to an external torque that tends to

force act U3be! Whehthe d‘x‘i@é(ﬁ}fx et Eb clto'EEw%é H@ée?éra%nsémmhtbbhéim ted

lines in Fig. 3 1s rotated se as y arrow 62), the latch arm

o) " The YA % BrihBh R, BloeBdidd §f%?§°g‘9¥feﬁaﬁr?3ﬂs #%%Z%Pé%@ﬁy 5o
cushion inpacts_as_the actuator 14 reaches the end of .its allo g vel in
the OD di rwWky thecdashedchne pytling ofjactualern ids, b?tgl thsagtuader Wi é‘l%nd

travel back in the direction of the disk 12, as shown by arrow 65. However
t he 5ot ar Vlatetearina? 1 lrebéuwsd offritieiy respeetive atbps 80, TAe| B latch e fl igi | |
not work to engage the actuator 14. Thus, the actuator 14 can bounce onto

the di sk 1gieh infe’EsOQUTEf ARBW BF liné&ltsTélssa@ ePAsH 8fopOT8 Cauisleswhybyt he
external torque only serves to hold the latch arm51 open; while the

act uat or - 14 boulces1igblodtlitie HrIRbrifiORE B Hd kol inlthe &lretGoh ed

Enbodi ment
indicated by arrow 68 to the engagement point 59 before the mating surface 57

of actuator 14. The result is that even though the external tprque isin a
10 direction not generally considered to be a problem, i.e., in a direction that
drives the actuator 14 into the crash stop 80, the unexpected rebound of the
actuator 14 in the direction indicated by arrow 69 does not result in the
slider 22 contacting or impac:tingr the data region 13 of the disk 12. The
lock 70 still functions in the normal manner in the presence of an external
15 . torque tending to cause the actuator 14 to move directly away from crash
stop 80. |
For the latch arm 71 to successfully intercept the actuator, the arm 71
must rotate far enough to engage the actuator before the actuator escapes, i.e.,
the mating surface 57 on the actuator 14 must not progress counterclockwise
20 beyond the engagement point 59 before the latch tip 72 reaches point 59. The

dynamic responses of the actuator 14 and rotary lock 70 in the presence of a
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In the present invention, a-birtireetionalrotary inertial |ock engages the: 7 "
actuator regardless of the dijection of the external force. The preferted: o
—-embodi ment of the lock 70 is 1 eplacedThe | atch arm 71 i s nmade
flexi ble and/or the latch stop '{ elastic material. By :
appropriate design and sel ecti s for the latch arm 71, latch
stop 73, and crash stop 80 with-Oring 81, the danping and elasticity of
the latch arm |l atch stop system and crash stop systemcan be tailored to
cause t heclbéltwiset togatidnsbadcelsraciont of i dizki dgve sriatieatcienads @ototiateothel 4
both directly and on the rebound fromcrash stop 80. In the enbodi nent of
Mg 4 [BGuBRR 14 drid BROF off PPl tHelfir 6l bf aPRAA 66] 6P Kbshicifypned (o
ed thic y

a specifi ness so -that 1t essentra orms a cantilever spring. In

addition, or alternatively,. latch sto 3 nma | so na | agt i ¢ by
se of Canats PHGOHeE bir SrifinSbberies B e Shihetaf Andiissct FRORRE OFY Gl

t he drive undergoes a countercl ockwi se_accel eration so that, th ctuator 14
i s dri venpirpaeseeofihis explanastonadetoly ardilphe thesratalignakingstigs Off eshown by
the dashed line outline of actuator 14), both the actuator 14 and the |atch
arms71 rehetuadoolld drivklockr7)respéctively oKy abd K 3he Foesibnakstiffnesses dfdhe
driven in the direction of arrow 67 into its elastic crash stop 73 (as
shown by | & ' ( td gensg Qks ivedPoandi Q) i and he
di rectionagﬁggglz?lga%hb%/wgr@%&v}dggﬁto thi&réndgftg%es!ryrent %oi)en?é\%Q eggf or th e

ot or nal - For 1S RSO Byt nd ABGiTRK 14 oa 1Ak BEETY PRMBEA

i.e., inadirection-that. . _
from their rest pogitlons to reach the engagement point 59. For the case of a

counterclockwise rotational acceleration of the disk drive which is a short

10 duration pulse, both the latch arm 71 and actuator 14 will suddenly start
rotating clockwise with respect to the drive, pushing each against its
respective étop, and causing each to later bounce off their stops. During the
time that each is against its stop, each éystem can be described as a torsional
harmonic oscillator, and the bounces can be described as a single half cycle of

15 the oscillator. The actuator/crash stop and latch.armflatch stop systems have
characteristic frequencies W, and W, respectively, given by the following

equations:
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drives the actuator 14 into the—eraﬁﬂ-st‘crp”SOT't‘he unexpect ed r ebound=g¥

the actuator 14 in the direction indica ge% laddfi  OW 69 does not result i
the slider 22 contacting or ir’rﬂé% region 13 of the disk 12.
- The lock 70 still functions int ml er in the presence of an

external torque tending to cause 14 to nove directly away from
crash stop 80. For the latch arm 71 to successfully intercept the actuator,
the arm 71 nust rotate far enough to engage the actuator before the

actuator escapes, i.e., the mating surface 57 on the actuator 14 nust not
progress countercl ockwi se beyond the engdggnent point 59 before the bgtch_
tip 72 reaches point 59. The dynam &[es on8es of the actuator 14 an

rotary lock 70 in the presence of a cNodkwi se rotational acceleration of
the disk drive (one that tends to rotate the actuator 14 and |latch arm 71

in the direction of arrows 66, 67, respectively) are controlled by certain
properties of the actuator and | atch syst . For the purpose of this

expl anation, let [err] and [err] behe r tional inertias of the a@uator .
14 and | ock 70, respectively; [err] "and 'E?] the torsional stiffnesses of
the actuator/crash stop and |atch arnf|atchtstop systems, respectively; and
QA and Ql, the angles through which the actuator 14 and |latch arm 71 nust

travel frpgfiRé dur@fibnRFH hhl & clo(thRaskal BauSRIBARITEDE eReh Rysteda idor the
case of a counterclockw se rotational acceleration of the disk drive which

I's a short. nat | l3s bo t.hes:l: . '
suddenl 'y éltvgatb%}r g&g{‘ ?‘ﬁé‘ @Mc])‘c kg‘mﬁg e"mav(\}ltlﬁhgje‘| 13:1%%%}13%%&? g% ?.g%alﬂg%?é Sééﬁgénﬂ&hg%c h
agai nst I;tmsint 59 after rebounding from the stop is given by Q,/aT and Q /aT seconds,

where o is the magnitude of the rotational acmleraﬁon, and T is the duration
5 of the acceleration. Thus, after completion of each bounce (that is, the

moment thé actuator 14 and latch arm 71 become free of their respective -

stops), thé time needed for the actuator 14 and latch arm 71 to travel to

engagement point 59 is inversely proportional to the aﬁgle fhrough which they |

must travel to reach point 59 from the rest position. Thus, for short duration -
10 acceleration pulses (i.e., é small fraction of the-.half cycle or total bounce time -

of the faster reacting of the actuator and latch sys%ms), successful latching

requires the following relationship to hold:

/W, + QJaT > n/W, + Q/faT 3
The above analysis neglects the effects of damping in each system. The

behavior of such elastic systems in the presence of damping is well understood.

15 However, in summary, the effect of damping on eaéh system is to slow it down;
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-re'speCtive stop, and causing _ ~off their stops. Dur:i#nig:
the tirme that each is against its st(ﬁ; each system can be descri bed as a

t orsi onal harnonic oscillator, T4 edcan be described as a single -
hal f cycle of the oscillator. T H sh-stop and latch armlatch
stop systens have characteéristi and W., respectively, given

by the follow ng equations: ., 14 [err] The tine duration of a half cycle
(the total bounce tine) for each systemis given by [err] and [err]. The
addi t i onathd cheraveedstic frequenei of bedﬁm?aa@%fém&austm@ iﬁéﬁeﬁrsiﬂ%boundi ng
fromthe stop is given by [err] .and Q./aT seconds, where a is the magnitude

of the rOHéﬁgﬁg{ %ﬁ%ﬁé %?‘ﬂé%ééﬁ 'tg%gtceg ?‘?h%‘{’ﬁ?%‘é‘?ﬁid%r%eg tﬁ‘iﬁ@#e%%ﬁioé 02 1

Thus, after on o e noment the actuat
and latch;arm.71 me §r f ei r_.respective,stops t I ne._needed
for the adtmRiBE: %Ctgrﬁﬂlcﬁja‘fe@%%ﬁpﬂa?fu?@gﬂ?‘ﬁ%set%‘eeﬂﬁgg%?fé%% %)OY%CRS%‘E? s
I nversely proportional to the an%!me t hrough whi ch they nust travel to reach
poi nt 59 eRgRgement paint ki When the,demping of eithersyskemoreaghbes OB exeeasts
pul ses (i.e., a small fraction of the half cycle or total bounce tine of
t he 5f ast ethe eatl-kngwafcriteeianof loaitival atzanpiaigt htlseret il be rmubowses off that chi ng
requires the followi ng relationship to hold: [err] (3) The
above anakyspsSatnsl! HdtdatoRferaih S8 st A R 8 BalPR G deY&ARFed 1116, able
to bounce. For such systems, the latch also must be able to bounce in order to
intercept the actuator.
For accelerations which are longer than the short pulses described
10 above, the dynamic analysis is more complicated. In such cases, the escape
velocity upon completion of the bounce changes, depending on the duration
" and magnitude of the acceleration. Under some circumstances, the escape
velocity for one system or the other may be very low or zero. If the latch arm
angular velocity is too slow compared to the actuator angular velocity, latch
15 . failure may result. If the actuator and latch characteristic frequencies W, and
W,, are matched, however, then the escape velocities for each system remain
equal to each other (even though both vary depending on the nature of the

acceleration), and the bounce times for both systems are identical. Then, the -

~ condition for successful latching reduces to Q, > Q. -
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behavi or of such el astic systens_in the presence—of daﬁpi ng is well -

under st ood. However, .in summary, the effect of danping on each system:i s t¢3
slow it down; 15 the charact ek Hgs ‘i?dof a danped systemfalls
wi th increasing danping, and the [ aft-er the bounce al so

‘decreases with increasing danpi ng ects of danping increase
the time needed to reach the engagenent point 59. Wien the danpi ng of

ei ther systemreaches or exceeds the well-known criteria of "critical

danpi ng", t her eSpictdssfid bomriveuatchingfot ke $h8RS ek als! destsibedt fid Shawh Sf OP
systens are typically underdanped, i.e., able to bounce. For such systens, .
the | atch gFis ot Hagtheltg 1Rk USEE wifh | or.
For accel'era?i ons whi ch%?%tg%%gr&?%a%ﬁ%(he s%gb?lgﬁ{ag{éfsmﬁ{e%ép?ﬁ%ggg%%Ve,

t he dynam c anal ysisyis e conplicated. In such cases,. the escape

vel ocity upon conpl ott on f‘%‘e bounce changes, degleﬁa(?ﬁgﬁ"ﬁ'r?n?he duration
and magni tude of the_accel eration. Under sone circunstances, o he escape
velocity for one systertarX dledgnawm/sad be very | &y 7. 7& 10° dyne-pa/tast ch
arm angul ar velocity is too slow conpared to the actuator angul ar velocity,
‘latch failure may re¥y +.1200 tadésexct uat or and | at cWckar200 ead/séd C
frequencies WA and [err] are nmatched, however, then the escape velocities
for each systemrem@) 2qileg0 each other (even t lugl@_@g@? vary dependi ng
on the nature of the acceleration), and the bounce tinmes for both systens

are identi ¢fk-eldé58 elebéntGA e ANt GYcridhCEing YstdRlwad ggn{b%%lxj'c(?-snrtxgo SE?r ]

> [err]

and thel elastic element in the latch arm/latch stop system was a flexible latch
arm 71 (Fig. 4). The latch arm 71 is viewed as a cantilever beam with

10 dimensions 2.5 cm long x 0.1 cm thick x 0.25 ¢cm wide. The rotary lock 70,
including the arm 71, was made of polyimide with a modulus of elasticity of |
3.1 x 10" dyne/em®. Since K, is calculated from the beam dimensions and
modulus of elasticity according to the known relationship for cantilever bealils,_ :
the selection of the beam material and dimensions results in ma_téhed |

15 characteristic frequencies W, and W,. For arbitrary rotational accelerations m
arbitrary directions and with arbitrary durations, the failure rate of this
rotary lock was observed to be less than 1%.

A similar system with a thicker cantilever on the latch (0.25 cm thick)

was observed to fail about 10% of the time under similar shock conditions.

20 When counterclockwise shocks above a certain threshold were specifically

applied to this system, the failure rate reached 100%. For the thicker

AM-94-002 -16-



Successful bounce | at chi-rg—foer—the lULdly tock as- descri bed and shown--in’

Fig. 4 has been denonstrated on & qu ve with-the follow ng pararreters '

‘[err] =7 gmcm This Shect

—0 5 gmncmKA=1x [err] -

dyne-cm rad '“I“ -cmrad WA = 1200 rad/ sec

WL = 1200 rad/sec QA = 1 2 [err] 0.8 deg The
elastic elenent in the act uator/crash stop system was a rubber Oring 81,
and the elastic elenent in the latch arm |l atch stop systemwas a flexible

| at ch ar meantileviey, tw) unfireodable besults ddcurs thecfrequancias M pandeWe radeeaon wi t h
dimensions 2.5 cmlong x 0.1 cmthick x 0.25 cmw de. The rotary | ock 70,

| ncl udi ng lénperamatotled 488, MRLE iRipoPRINtlyT tHe phidical prdgertiss of tid RstchCarey Of

3.1 x 10" yne/cnjerr]. 'Since KL is calcul ated fro he beam di mensi ons

and nodul f e

canti | evelréa eé;hrrgml %s%tte}(%gfggénﬁg?g?%@a%gadﬁa eria an%n?l?'rrenm dnser esults
i n mat che r.a ristic freguencies WA For arbitrar otati onal
Locon o nt Raeb iR Taflh 13 ngach HHe Aepuor SALhR s GoF C P RIARIackRES { po
failure rate of this rotary |lock was observed to be less than 1% A sinmlar
systfem wi ratatiangl dceelecations of the Ste.t Ahis averdqmoped cane ihtymiralebpons érted
to fail about 10% of the time under simlar shock conditions. Wen

count er cl en&miglerosane lozkapthedy do et bauncé Appsbabblyand arpamdbledblcaptamd i ed
to Lhi S system the failure rate reached 100% For the thicker

a bouncing actuator.

An alternative embodiment of the bidirectional rotary inertial lock is

shown in Figs. 5 and 6. This bidirectional lock 90 is capable of rotating in

10 both directions about a pivot 96. Lock 90 has an end 91 with a slot 92. On
the opposite end, the lock 90 has a magnet 93. A ferromagnetic post 94 is
mounted on base 10. The actuator 14 has a pin 95 in place of the mating
surface 57 present iﬁ the Fig. 3 embodi:_:ﬁent. In the absence of an external
force, the lock 90 will be maintained in a neutral posiﬁon with the magnet 93

15 aligned with ferromagnetic post 94. In this open position, the actuator
engagement pin 95, which is rigidly attached to the actuator 14, can pass
freely through the escape slot 92 on the lock end 91. This allows the aci;,uator
to freely rotate and move the slider 22 across the data region 13 of disk 12.
However, in the event of a rotational acceleration of the drive in either a

20 clockwise or countercloékwise direction, the lock end 91 will 'swing away from

its open neutral position, capturing the actuator 14 in its parked position. If
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17 cantilever, two unfavorabl e Tesults occur: the fr'equenci es WA and. W ar-e-_'j"’-‘ o

'no | onger matched. and, nore i npogt Hellf I cal properties of the
‘latch are such that the system ?ghugﬂ&lt =~ d does not bounce at all.
Thus, the latch tip fails to engaéﬂm‘ﬂ B HL at all in the case of

countercl ockwi se rotational accel file. This overdanped case
Is typical of prior art inertial rotary |ocks; they do not bounce

appreci ably and are unable to capture a bouncing actuator. An alternative
enbodi nentheftotdleangldithemiglomdlichi thadyclk sadt9latan eoing s dargencampéregbto 5
and 6. This bidirectional lock 90 is capable of rotating in both directions

about a p:t}i@ta e ﬁggﬁ& eg&ﬁwﬁo%peﬁﬁfg‘? khvithiluRe $hed 488 todrthhdraRbeahie

end, the lock a magnet 93 erromagneti c post 94 is nounted on

base 10. The tuator 14 has 1.n.95 i I din : 5
present i r?rtrﬁg‘%lg:&bw%né%o%ﬁgﬁ%"nf ﬁﬁg g%g@%clgé%#&]g%&gl%‘ e%lnogﬁ }gfﬂgg: ét he
| ock 90 \Mhlg be mai_ntajned in 3 neutral position with ttgsyma ne}_ 93 al i gned
with ferrd dﬁéﬁ eadsbshas rotatad anprowsRs slpt&tgx?e%,h‘@l lﬁagfép ERRfOment
pin 95 which is rigidly attached to the actuator 14, can pass freely

t hr digh t lspaescwhileshetacd@ator 14 bak bekendodkad witlhinsa aphgeof rhtatian ofionly to
freely rotate and nove the slider 22 across the data region 13 of disk 12.

Hovever, ifdw@esraidt Phud inoHRd tigkalt R&es!fBF the ARtwdtor & W rotatd intdi t her a
cl ockwi se or counterclockw se direction, the lock end 91 will sw ng away

from s Qfth U6k} 63/ RRL HhiWhuoh K HbRI160) rB664 B didsh bebb BOP Rk
attempt to travel toward the data region 13 on disk 12 (in the direction of
arrow 101), the lock end 91 is free to continue swinging further closed (in the
10 direction indicated by arrow 102). |
While the magnet 93 and post 94 are the preferred means for
maintaining the lock 90 in its neutral position, a torsion spﬁpg could .be used
instead. |
While the preferred embodiments of the present invention have Been
15 illustrated in detail, it should be apparent that modifications and

improvements may be made to the invention without departing from the spirit

and scope of the invention as described in the following claims.

AMI-94-002 -18-



18 the total angle through—whichthe Tock end. 91 can swing is | ar ge
conpared to the angle of the escape slo ning, the failure rate due to

actuat or rebound or random cah %Q%i nimzed. Int Ll
position shown in Fig. 6, th m tuas' rotated apprimmmumﬂ"ﬂm"l“l L
degrees, with plenty of room e the actuator 4 Kastbetns =

| ocked within a range of rotation of only a few degrees. Thus, in the tine
it takes for .the actuator 14 to rotate into crash stop 80 (in the direction
of arrow Wa8j}is eclaimachid:of f crash stop 80, and attenpt to travel toward the
data region 13 on disk 12 (in the direction of arrow 101), the |lock end 91
is free to continue swnging further closed (in the direction indicated by
arrow 102). Wile the magnet 93 and post 94 are the preferred neans for

mai pt ai ni ng the | ock @Rairécordng sk AriveO&drthpABingd torsion spring could be
used instead. Wile the preferred enbodi mrents of the present invention have

beep illustrategd:d 1L, |.d be apparent that nodifications and
¢ ESisCneetd o ddth 2P

i nprovenents nay véntion without departing fromthe spirit

Fha3s oo e conent TatgE connected tothe disk For rotating the diek;"9 ¢ ™ TS TS
4 a transducer for writing data to or reading data from the data region of
5 the disk;

6 | a carrier supporting the transducer;
7 ‘a rotary actuator having a pivot and connected to the carrier for moving
8 the carrier generally radially across the disk;
9 a crash stop for limning fhe rotation of the actuator,
10 a rotary lock having a pivot generally parallel to the actuator pivot for
11 engaging the actuator in the presence of an external force tending to rotate
12 the actuator into the crash stop; and |
13 means for supporting the motor, rotary actuator and rotary lock. |
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What is clained is: 1. A -data—+ecording-di sk drive conprising: a disk—=—=
havi ng a data regi on; a notor conneﬁt ?agﬁito-the di sk for g ' i sk; -
“a-transducer for witinghi B F I'ng data fromth mmmg ,lL

the disk; a carrier supp u “ﬂ sducer; a rotary attuatar -

pi vot and connected to th _ nmovi ng the carrier generally

radially across the disk; a crash stop for limting the rotation of the
actuator; a rotary |lock having a pivot generally parallel to the actuator
pi vot -for engdyi ng Thedskt drivemctordihg tprebsiem dewhbrein et mntagy ldokr ce
‘tending to rotate the actuator .into the crash stop; and neans for -
supporti e dPighisestotary actuator and rotary | ock. 20 2. The di sk
drive according to claim1l wherein the rotary |lock further conprises: a
flexible arm i |y ] engagenen {th the.ac X Jatch stop
rmtﬁ:t ed to thg‘aa §8?ﬁ’£€8¥‘£ﬁ%‘g{&%?%ﬁﬁ%aﬂ?%@?’ﬁ%@né@%%’%ﬁ% of the arm
In the presence_ of an external force tending to rotate the actuator into

thef crash st op? laigkston mginted dodhenguaterswrpanting means|far Jmmatinghounds

fromthe |latch stop to engage the actuator on the rebound fromthe

5 movement of the arm in the presence of an external force tending to rotate the
6 actuator into the crash stop, whereby when said fdrée ceases the flexible arm
7 rebounds from the latch stop to engage the actuator on the rebound from the
8 crash stop; and

9 means for urging the arm against the latch stop in the absence of an
10 external force.

1 3. The disk drive according to claim 1 wherein the rotary lock

2 further comprises:

3 . an arm having a tip for engagement with the actuator;

4 a resilient latch stop mounted to the actuator .supporting means for

5 limiting movement of the arm in tﬁe presence of an external force tending to
6 rotate the actuator into the crash stop, whereby when_ said external force

7 ceases the resilient latch stop rebounds the arm to engage the actuator on the
8 rebound from the crash stop; é.nd

9 means for urging the arm against the latch stop in the abseﬁce of an
10 external force.

AM9-94-002 _ _ -20-




crash stop; and means for urging the armagainst thelatch stop in the ="

absence of an external force. 3. The disk drive according to claim1 :
wherein the rotary |fgdsnhbedHhsBeEn i'ses: an arm hav“mmumnm -
engagenent with the a lient latch stop lmu”m
actuat or supporting %mum\“ﬂlm ng novenent of the*armi'n t*heSpresence
of an external force t to rotate the actuator into the crash stop,
wher eby when said external force ceases the resilient |atch stop rebounds

the armto engage the actuator on the rebound fromthe crash stop; and
means for urging the armagainst the latch stop in the absence of an

extprnal forcey Bl sk AR Alcokiiel we1aRaTl Wiiefcoted Aty lodier el n the

rotary lock further conprises: an armhaving an end for engagenent with the
act yat or; glﬁ ns .for. maintaining the armat a neutral position in the
abs®nce o@ﬁ erggﬁﬁﬂs?sr'force, the armbeing freely rotatable in either
direction away from Lt s. neutr al g,osition I n the presence, of ar{}lt ext er nal

forde, wher ebyaR REMhAYING ap €nd for engagement with the 3¢UaHYa§2% he act uat or
in the presence of an external force tending to rotate the actuator away
fromthe means for maintaining the arm at a neutral position in the absence of
5 an external force, the arm being freely rotatable in either direction away from
6 its neutral position in the presence of an external force;
7 ' whereby the arm rotates inla first direction to engage the actuator in
8 the presence of an external force tending to rotate the actuator away from the
9 crash stop, and in a second direction to engage the aétuator on the rebound
10 from the crash stop in the presence of an external force tending to rotate the
11 actuator into the crash stop.
1 5. The disk drive according to claim 4 wherein the arm end has a
2 slot, and further comprising a pin on the actuator for engagement by the arm
3 end in the presence of an external force, the pin being movable through the
4 slot when the arm is maintained in its neutral position in the absence of an
5 external force.
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crash stop, and in asecond direction to engage the actuator on the rebodtd. -

from :the crash stop iy dnas HaymeeRaped§ ' an ext er nal ' g rotate
the actuator into the qmmﬁ\lﬂﬁ\iﬁﬁl‘ The disk driv mllm Hmrlla' m4 -
: [ shex
r

wherein the armend ha urther conprising acpiin en
actuator for engagenent mend in the presence of an external
force, the pin being novable through the slot when the armis maintained in
its neutral position in the absence of an external -force. 6. The di sk
drive according. t o Theidiski dviveraicordibg toedamm foowheneim thermegnsHorarm at a
neutral position in the absence of an external force is a nagnet. 7. The

di sg dri V@a@ﬁ@aﬁhﬁidgl&xé aril & SnbukrHll Rt 6 TRIthel difeRB@ RS anoéxteankl fogcd he
carrier when the disk is not rotating. 8. The disk drive according to

cl a‘i,.-m 7 V\{ge%%i!g@&e carrier parking neans conprises a | oad/unload ranp
nounted to e act uator supporting neans. 9. The disk drive according to.
claim?7 wherein the carrier parking neans conprises a carrier |anding zone
| ocated on the disk surface away fromthe data regi on and an actuator | ock
for restraini ng the actuator to keep the carrier parked at_the |anding

zong. The disk drive according to claim 1 further comprising means for
2 parking the carrier when the disk is not rotating.
1 8. The disk drive according to claim 7 wherein the carrier parking
2 means comprises a load/unload ramp mounted to the actuator supporting
3 means.
1 9. The disk drive according to claim 7 wherein the carrier parking
2 means comprises a carrier landing zone located on the disk surface away from
-3 the data region and an actuator lock for restraining the actuator to keep the
4 carrier parked at the landing zone.
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23 °'10. A magnetic +reeerdi-ng—disk drive conprising: a support base;, a

magneti ¢ recordi ng di sk _havin LON for the recorgj tor= -
nounted to the base dA S e 6 &kfhe di sk for rot almmmmmjlmuﬁl head-
for witing data to or E fromthe disk; a carrfertfdr Supporting

. the head; a rotary act q to the base and connected to the

carrier for noving the carrier generally radially across the disk; a crash
stop nounted to the base for Iimting the rotation of the actuator; a

.l oagl/ unl oad ranp noAIThesndtic Fewrdnfedisk dfiae kdontpridiagecarri er when the di sk
"is not rotating; and a rotary |lock mounted to the base and rotatabl e about
an axi s gener l to the actuator rotation axis for engagi ng the
act%ator in tﬂéelsgpggfetﬁgcée&bf an external force tending to rotate the

t uat into th h_ st op. . . _.The disk ' ' ] aim10
aheli n the 1 ot BRETErRring dishhrviega reindor e RFAEBLIRLE T o

engagenent with the actuator; a latch stop nounted to é_hﬁtbase forgltf'lgiti ng
isk fo

movénent of t ha meter mounted to the base and connected to the r rotatin
5 disk; | |
6 " a head for writing data to or reading déta from the disk;
7 a carrier for supporting the head, |
8 a rotary actuator mounted to the base and connected to the carrier for
9 moving the carrier generally radially across the disk;
10 a crash stop mounted to the base for limiting the rotation of the
11 actuator; |
12 a load/unload ramp mounted to the base for parking the carrier when
13 the disk is not rotating; and |
14 a .rotary lock mounted to the base and rotatable about an axis generally
15 parallel to the actuator rotation a:ﬁs for engaging the actuator in the_ preéence

16 of an external force tending to rotate the actuator into the crash stop.
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the presence of an external -ferce tendingto rotate the actuator into tne

crash' st op, whereby when _said force ceases the flexible:a ' : - |
the latch stop to engageTtijghe &% he rebound f_rOrrLI“‘ai ﬂ Biil
and a spring for biasingtJ ll the latch stop.ihx

T

an external force. 12. ccording to claim 11 wherein the
rotary actuator has a surface for engaging the latch tip, wherein the
rotary actuator and crash stop have a characteristic frequency generally
equal to the diaradher diski drive egoanling ¢b claien fl0ewhetein dhe rabaryt loek| at ch
stop, and wherein the angle of rotation for the actuator fromits crash
stop to qupae donepdisdy: of the latch armis greater than the angle of
rotation for the armfromthe latch stop to the engagenent surface of the

actyator. x I | dr i ' km.10 wherein
theéjrot ary | oihg ﬁlrbtlﬁgrrﬁlcl&%‘ﬁ;r[’gaegizps gor{ %é%%%%%@??%&?%%ﬁgagemm wth
the actuator; a resilient latch stop moupted to the base for .limti.ng
movenent of t k?elaéFf’n 5top %‘H@és@ﬁi’@p@ﬁs%ﬁ'r giépbtﬂrt\%lmqvcﬁr%%mt %’renﬁnflomr_ otate
the actuator into the crash stop, whereby when said external force ceases

 thes r esi |themresenesof anextetyal foxcet tendimgnto gotatgdhe adtuatertinge dhe srashe
rebound fromthe crash stop; and

6 stop, whereby when said force ceases the flexible arm rebounds from the latch
7 stop to engage the actuator on the rebound from the crash stop; and

8 a spring for biasing the arm against the latch stop in the absence of an
9 external force.

1 12. The disk drive according to claim 11 wherein the' rotary actuator
2 has a surface for engaging the latch tip, wherein the rotary actuator and crash
3 stop have a characteristic frequency generally equal to the characteristic

4 frequency of the flexible arm and the latch stop, and wherein the angle of

5 rotation' for the actuator from its crash stop to engage the tip of the latch arm
6 is greater than £he angle of rotation for the arm from the latch stop to the

7 ~ engagement surface of the actuator.
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a spring for biasi rg—the-arm-agaiast—the | atch stop- absence of .an:

external force. 14. The disk drive according to claim 13 wherein the -

fotary actuator has B eplactdagi ng t he I'atCQ”,m i o
rotary actuator and c1 ﬂ a characteristi u ”m'ﬂ(rﬂl Iy
equal to the characte y of the latch arin dndtresi|s | at ch

stop, and wherein the angle of rotation for the actuator to engage the tip
of the latch armis greater than the angle of rotation for the armfromthe
latgh stop to tBe eTheghiskWrivdiaéRediny td AQIRACIY ¥ HIrein thePothdy 1déle di sk
drive according to claim10 wherein the rotary |ock further conprises: an
ar mphavi ng_u@ﬁele@gmégfsegpgagenent with the actuator; and neans nounted to
the base for maintaining the armat a neutral position in the absence of an
extgrnal force, the %%m bei ng freely rotat abl_§hi£ ei Hﬂai& direction away
fromits neutral FRAAVERE AP for gr gl Pt the AEWRAPTf or ce; whereby the
armrotates in a first direction to engage the actuator in the presence of
an éxternal foRdestiendilatch stopomguatedito the base fomlimitingonovement afithet op,
and in a second direction to engage the actuator on the rebound fromthe
crash st oprmnint the preseace of ah aitexdlefoned tdratiag toafeitedttecadtahtdreitbethe
actuator into the crash stop.

6 crash stop, whereby when said external force ceases the resilient latch stop

7 rebounds the arm to engage the actuator on the rebound from the crash stop;
8 and

9 . a spring for biasing the arm against the latch stop in the absence of an
10 external force.

1 14,  The disk drive according to claim 13 wherein the rotary actuator
2 has a surface for engaging the latch tip, wherein the rotary actuator and crash
3 stop have a characteristic frequency generally equal ‘to the characteristic

4 frequency of the 1atch arm and resilient latch stop, and wherein the angle of |
5 rotation for the actuator to engage the tip of the latch arm is greater than the
6 angle of rotation for the arm from the latch stop to the engagement surface of
7 t_;he act,uator.' : |
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heet Has Been Replaced

i - o

15. The disk drive ac;cording to claim 10 wherein the rotary lock
further comprises: |

an arm having an end for engagement with the actuator; and

means mounted to the base for maintaining the arm at a neutral
position in the absence of an-extern'al force, the arm being freely rotatable in
either direction away from its neutral position in the presence of an external
force; | |

whereby the arm rotates in a first direction to engage the actuator in
the i)resence of an external force tending to rotate the actuator away from the
crash stop, and in a second direction to engage the actuator on the rebound
from the crash stop in the presence of an external force tending to rotate the

actuator into the crash stop.
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