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BACKGROUND OF THE | NVENTI ON In the data storage system
manuf acturing i ndustry, various nethods have been enployed to mnimze the
detrinmental influence of strong external rotational shock forces on the
operation of the sensiti \BUAIWDATCH: APPARATYS FORBESTRAININGE Aaccess storage

device (DASD). DIRECT ACCESS STORAGE DEVICE ACTUATOR

t FIELD OF THE INVENTION

The present invention relates generally to data storage systems, and more
particularly, to a dual actuator latch apparatus for use in a direct access storage device.

BACKGROUND OF THE INVENTION

In the data storage system manufacturing industry, various methods have been
employed to minimize the detrimenta! influence of strong external rotational shock forces on
the operation of the sensilive components comprising a direct access storage device (DASD).
A typical DASD includes one or more data storage disks coaxially mounted on a hub of a
spindle motor. The spindle motor rotates the disks at speeds typically on the order of several
thousand revolutions-per-minute. Digltal information is typically written to and read from the
data storage disks by one or more magnetic transducer heads, or readMwrite heads, which are
passed over the surfaces of the rotating data storage disks.

An actuator typically includes a plurality of outwardly extending actuator arms
adapted to interleave one or more magnetic transducer heads mounted thereon into and out
of the stack of data storage disks. During periods of DASD inactivity, the actuator is often
restrained in a predetermined parked position by use of a passive locking or parking
mechanism, such as a parking ramp apparatus, for example. The magnetic transducer heads
are usually parked beyond the outer periphery of the data storage disks or over a dedicated
portion of the disk surface, often termed a landing zone, situated away from the data storing
portions of the disk.

Mishandling of either the DASD or a comphter system into which the DASD Is

* inetalled 6tten results in displacement of the actuator from its parked position. Such direct and
indirect mishandling often subjects the sensitive intemal components of the DASD to
* significantly large rotational shock forces. The rotatably mounted actuator Is generally

susceptible to rotational forces and often rotates out of the parked position when the DASD
is subjected to a sufficiently strong rotational shock force. Unrestrained movement of the
actuator typically results in varying degrees of permanent damage to the sensitive surfaces of
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rotation in the presence of low levels of extemally mduced actuator acceleration.

A typical inertial latching assembly is designed to passively latch an actuator
in a parked orientation until external rotational shock forces impinging the DASD are
dissipated. Known inertial latches are typically mounted for rotation about a pivot axis in
proximity to the actuator, and include a weighted portion and hook portion. In response to a
sufficiently strong rotational shock force applied to the DASD, the hook portion of the inertial
latch typically rotates about the pivot axis and engages a receiving hook or other capturing
member protruding from the actuator. A biasing mechanism is generally smployed to retumn
the inertial taich to its original, non-engaged orientation after the external shock forces are
dissipated.

Inertial latching mechanism are generally effective only at relatively high levels
of externally induced actuator acceleration. Elevated levels of actuator acceleration must
generally be present in order fo overcome the force produced by the biasing mechanism
required to maintain the inertial latching mechanism in its non-engaged orientation. Low to
moderate levels of induced actuator accelerations are therefore not ger)arally addressad when
designing a conventional inertial tatching mechanism.

in contrast, magnetic or electromagnefic fatching mechanisms are generally
effective only at relatively low levels of axternaliy induced actuator rotational acceleration. In
accordance with a conventional magnetic-lype latching device, a magnetic coupling force of
limited range is generally produced between the lafching device and the actuator fo restrain
the actuator in an engaged or latched orientation. It is generally considered impractical to
employ a magnetic-fype latching device to counteract relatively high levels of externally
induced actuator rotational acceleration. The intensity of the magnetic coupling force required
to satisfactorily restrain a rotatable actuator in the presence of such high acceleration ievels
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DASD 1's discl Osugtq:e fully contausned within a housing having a maximum height dimension of 3.3 millimsters
(mm). By way of further example, a Type- PCMCIA device housing must not exceed a
maximum height of 5.0 mm in accordance with the PCMCIA specification. A maximum height
of 10.5 mm is specified for the housing of Type-Hll PCMCIA devices, and Type-IV devices are
characterized as having a maximum housing height dimension in excess of 10.5 mm. It is
anticipated that the industry trend of continued miniaturization of DASDs will eventually result
in the production of systems complying with the Type-Il PCMCIA specification. Such Type-l
PCMCIA DASDs will likely have external housing dimensions of approximately 54 mm x 86
mm x 5 mm, and include a data storage disk having a diameter of approximately 45 mm and
a width dimension similar to that of a standard credit card. [t will likely be highly desirable to
employ an effective actuator latching assembly within such small and very small form factor

DASDSs, such as Type-Il PCMCIA DASDs. Those skilled in the art, however, will appreciate

. the difficulties associated with employing an effective latching mechanism suitable for use
within these very small form factor DASDs. The maximum afiowable housing dimensions
' imposed by the Typé-ll PCMCIA specification, for example, necessarily results in a highly

compact packaging configuration within the DASD housing, with minimal clearance and
tolerances afforded between adjacent components.
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effective protection against unrestrained actuator movement in the presence of a broad range

of externally induced acceleration levels in order to minimize potential damage to the sensitive
internal components of standard and miniaturized DASDs. There exists a further desire to
incorporate the advantageous attributes of inertial and magneticype latching mechanisms
within the compact packaging configurations of small and very small form factor DASDs. The
present invention fulfills these and other needs.

SUMMARY OF THE INVENTION

The present invention Is & dual actuator latch apparatus disposed in a direct
access storage device for restraining a rotatably mounted actuator in a parked orientation in
the presence of relatively low, moderate, and high levels of extemally induced actuator
acceleration. An inerfial latch asssmbly in preferably employed to prevent unrestrained
actuator rotation from the parked orientation that would otherwise result from elevated levels
of externally induced actuator acceleration. A separate magnefic latch assembly, or,
alternatively, an electromagnetic latch assembly, is employed in tandem with the inertial latch
assembly to prevent unrestrained actuator rotation and movement from the parked orientation
in the presence of relatively low and moderate levels of externally induced actuator
acceleration. The novel dual actuator latch apparatus is amenable for instalfation in standard
form factor DASDs, and is particularly well-suited for incorporation in small and very small form
factor DASDs.

BRIEF DESCRIPTION OF THE DRAWINGS
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dual actuator latch apparatus comprising one embodiment of an electromagnefic latch
assembly in combination with an inertial latch assembly;

Fig. 5 is a fop plan view of a small form factor direct access storage device
employing a novel dual actuator latch apparatus comprising an altemative embodiment of an
electromagnstic latch assembly in combination with an inertial latch assembly; and

Fig. 6 is a graphical illustration depicting the efficacy of a novel dual actuator
latch apparatus in preventing unrestrained actuator movement from a preferred parked
orientation in the presence of relatively low, moderate, and high levels of externally induced
actuator acceleration,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, and more particularly to Fig. 1, there is shown ~
a data storage system 20 with a cover 23 removed from the base 22 of the housing 21. A
data storage system 20, as further shown in Fig. 2, typically inciudes one or more rigid data
storage disks 24 which are stacked coaxially in a tandem spaced relationship, and rotate about
a spindle motor 26 at a rélatively high rate of rotation. Each disk 24 is typically formatted to
include a plurality of spaced concentric tracks 50, with each track being segmented into a
series of sectors 52 which, In tum, are further divided into individual information fields. One
or more of the disks 24 may altematively be formatted fo include a spiraled track configuration.
An actuator 30 typically includes a plurality of interieaved actuator amms 28, with
‘ each arm having one or more transducers 25 mounted to a slider 35 agsembly for writing and
reading information to and from the data storage disks 24. The slider 35 is typically designed
* as an aerodynamic lifting body that lifts the transducer 25 off of the surface of the disk 24 as
the rate of spindie motor 26 rotation increases, and causes the transducer 25 to hover above
the disk 24 on an air bearing produced by high-speed rotation of the disk 24. A conformat
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adj acent conmfraeidhSand magnitude flow in the coil assembly 36 in the presence of a magnetic ﬁetd
produced by the permanent magnet structure 38. The torquing forces imparted on the actuator
coil frame 34, in tumn, cause comesponding rotational movement of the actuator arms 28 in
directions débendent on the polarity of the control currents fiowing in the coil assembly 36,
A controller 58 preferably includes control circuity that coordinates the transfer of data to and
from the data storage disks 24, and cooperates with the actuator voice coil motor to move the
actuator arms 28 and transducers 25 to prescribed track 50 and sector 52 locations when
reading and writing data to and from the disks 24. It is noted that the data storage disks 24
may be formatted to store alphanumeric, audio, video, and other types of informational data,
or a combination of data types.

Tuming now to Fig. 3, there is lllustrated one embodiment of a novel dual
actuator latch apparatus that prevents unrestrained actuator 30 rotation out of a parked
orientation in the presence of relatively weak, moderate, and strong extemal shock forces
applied to the DASD housing 21. The novel dual actuator latch apparatus fllustrated in Fig.
3 is preferably adaptable for installation in standard and small form factor DASDs. In one
embodiment, the dual actuator lakch apparatus is employed in a load/unioad DASD, with the
slider 35 and transducer 25 being unicaded from the disk 24 surface and loaded to a ramp 49
proximate the outer periphery of the disk 24. In an alternative embodiment, the dual actuator
latch apparatus is employed in DASD having either one of an inner landing zone 47 or outer
landing zone 48 defined respectively near the inner and outer petiphery of the data storage
disk 24. In accordance with this embodiment, the slider 35 and transducer 25 physically
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" assembly 74 when the actuator 30 Is in an engaged or parked orientation. In an alternative
embodiment, the magnetic assembly stop 76 may be mounted to the permanent magnet
assembly 74 for contacting the actuator stop surface 78. The magnet assembly stop 76 is
preferably configured to provide a constant clearance distance between the permanent magnet
assembly 74 and the actuator stop surface 78 to enhance control of the nominal field strength
associated with the permanent magnet assembly 74.

" In an altemative embodiment, the permanent magnet structure 38 that
magnetically interacts cooperatively with the actuator coll assembly 38 as a voice coil motor
is preferably employed to produce the magnetic coupling force required to magnetically restrain
the actuator 30 in the parked orientation. In accordance with this embodiment, the permanent
magnet assembly 74 shown in Fig. 3 preferably comprises a ferromagnetic member 74
extending between the upper and lower magnet structures 40 and 42. Magnetic flux lines
preferably circulate through a permanent magnet of one polarity disposed on the upper magnet
assembly 40, through the member 74, and through & permanent magnet of the opposite
polarity disposed on the lower magnet assembly 42 to complete the magnetic flux path. When
the actuator stop surface 78 is in contact or in proximity with the ferromagnetic member 74,
a relatively low reluctance pathway through which the magnetic flux lines pass is produced
which, in tumn, results in the production of the required magnetic coupling force.

it is generally weil-known that a magnetic latch assembly 72 provides effective
restraining of an actuator 30 in a preferred parked orientation in the presence of relativaly low
to moderate levels of externally induced actuator acceleration. it is also well-known that such
magnetic latch assemblies 72 do not provide reliable restraining of the actuator 30 in the
presence of elevated levels of externally induced actuator acceleration. The novel dual
actuator latch apparatus illustrated in Fig. 3 remedies many of the inherent deficiencies
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| atch assenbly. t oﬁ’ évgit unrestrai ned actuator rotation and rom
the parked orientation in the presence of relatively | ow and noderate |

| evel s of externally i nduced actuator accel eration. The novel dual actuator

| at ch apparatus is anenable for installation in standard form factor DASDs,
and is parti casseoldtsd with ¢oneantiormil abtoator laiching mechahisms by)emplnying a epajass rediah| |

form factor %m 80 i tandem w1thT€'ﬁ'xa§ étlt‘.%&lnéss%m% Y598 pRividk %h@'wiable

actuator |at us accor het present Thvent fon are set
claim 1. restraining of unintended actualor 30 movement e rofation jin ihe prasence of varigd J?W'%Pf a

di rect access m?qﬁ & e&ﬁﬁ*oWaE%blér&ﬂ%Pu%%cmmow diﬁvﬁmdid?ﬂaétﬁﬁbparatus

Fig. 2is a access storage device co r|S|n
plurality of pjmldessforonmguy 11084 restrainment reliability of a DASE) actuators30,in s, prasence

of a _d' rect gk enederdts) nd Righhb&EroRBP bivYtbd 8n e MAGH housing 21.

The inertial latch assembly 60 illustrated in Fig. 3 preferably includes an inertial
latch body 62 rotatably mounted on a pivot shaft 68. The inertial latch body 62 preferably
includes an elongated restraining member-64 and an inertial body 66. As shown in Fig. 3, the
restraining member 64 is situated in proximity to a first engagement protrusion 80 disposed
on one side of the actuator frame 34. When in a non-engaged orientation, as shown in Fig.
3, the restraining member- 64 is maintained in a non-engagement orientation by a biasing
apparatus 70 coupled to the inertial body 66, thus permitting uncbstructed rotation of the
actuator frame 34 within the gap 44 of the permanent magnet assembly 38. The biasihg
apparatus 70 preferably biases the inertial latch body 62 against a stop member 99 when the
resiraining member 84 is maintained in a non-engagement orientation. If the DASD Is
subjected to asufﬁci'enﬂy strong external rotational shock force, an unrestrained actuator arm
28 may rotate away from the parking ramp 49 or fanding region 48 and cause the magnetic
transducer head 25 and slider 35 to contact and damage the data storing regions of the data
storage disk 24.

Unrestrained rotation of the actuator 30 away from the parked position resulting
from a strong extemal rotational shock force is prevented by the inertial latch assembly 60
rotating from a non-engaged orientation to an engaged orientation with respect to the actuator
30. A sufficiently strong clockwise rotational shocik force exerted on the DASD housing 21,
for example, will generally dislodge the actuator 30 from its parked orientation, notwithstanding
the magnetic coupling force between the permanent magnet assembly 74 and the actuator
stop surface 78. The dislodged actuator arm 28 and sfider 35/ransducer 25 assembly will
tend to rotate toward the motor spindle 26 in a counter-clockwise direction with respect to the
system housing 21. The unrestrained rotation of the actuator 30 and transducer 25/slider 35
assembly will typicafly .resu!t in detrimental contact between the transducer 25/slider 35
assembly and the sensitive data storing regions on the data storage disk 24.

In response to a strong clockwise rotationat shock force applied fo the DASD
housing 21, the inertial latch body 62 rotates in a counter-clockwise direction about the pivot
shaft 68. The resiraining member 64 engages the first engagement protrusion 80 disposed
on one side of the actuator coil frame 34 to prevent unrestrained rotation of the actuator 30



dual actuator |atch apparatus conprising a nmagnetic |atch assenbly in
conbination with an inertial |atch assenbly; Fig. 41s atop
pl an view of a direct access storage device enploying a novel dual actuator
| atch apparatus conprising one enbodi nent of an el ectromagnetic latch

assenbly in co | with an inertial latch assenbly;
Fig. 5is a toﬁﬁ?ﬁ‘@%w of a small formfactor direct accessPGYRFPEBISS

device enploying a novel dual actuator |atch apparatus conprising an

al ternative enbodi ment of an el ect romagnetgc | atch assenbly in conbination
with an inertial l[atch assenbly; and Fig. 6 is a graphical
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typically de sapghgﬂto the DASD housing 21 will generally cause an unrestralned actuator 30 to rofate in

& clockwise direction with respect 1o the DASD housing 21. Any unrestrained clockwise

rotation of the actuator 30 away from the data storing regions of the disk 24 is generally of

secondary concam. The actuator stop surface 78 disposed on the actuator coil frame 34 is

preferably in contact with the permanent magnet assembly 74 which prevents further rotation

of the actuator arm 28 and the transducer 25/slider 35 assembly in a direction away from the

motor spindle 26. The magnetic coupling force belween the actuator stop surface 78 and the

permanent magnet assembly 74 preferably provides for the secure restraining of the actuator

30 in the parked orientation in the event of residual bouncing or settling between the actuator

coil frame 34 and the permanent magnet assembly 74.

Another embodiment of the novel dual actuator latch apparatus is illustrated in
Fig. 4. The dual actuator laich apparatus illustrated in Fig. 4 preferably includes an inertial
lalch assembly 60 similar to that discussed previously with respect to Fig. 3, and an
slectromagnetic latch assembly B2. The eleciromagnetic latch assembly 82 preferably
provides for reliable actuator restraining in the presence of relatively low to moderate levels
of extemally induced actuator accelerations and is preferably of a sufficlently small size
suftable for use in small form factor DASDs.

The electromagnetic latch assembly 82 preferabiy includes an electromagnetic
latch body 83 rotatably mounted to a pivot shaft 94 disposed on the base 22 of the DASD
housing 21. The electromagnetic latch body 83 includes a magnet support 88 for supporting
& permanent magnet 82, and a restraining member 86 for engaging and coupling with a
second engagement protrusion 84 disposed on one side of the actuator coil frame 34, The

Sach



as an aerodynamic lifting body that |ifts the transducer 25 off of the
surface of the disk 24 as the rate of spindle notor 26 rotation increases,
and causes the transducer 25 to hover above the disk 24 on an air bearing
produced by hi gh-speed rotation of the disk 24. A confor.m

6 l-ubricant may_alternatively be disposed -on the disk surface 24 duce
static and dynanV®%#3%i on between the slider 35 and di sk su?Fggg&gﬂ;& ,
The actuator 30 is usually nounted to a stationary actuator shaft 32, and
rotates on the shaft to nove the actuatoriygarns 28 into and out of the stack
of data storage disks 24. A coil assenbly 36, nounted to a coil frane 34 of
the actuat or @ébiromagieticldich asssnidyes? furtiteh includesga fatch 4oitigtf mentedde thadese 22 0r
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data storage aiSosiounist! to Beehouping bikse 2totWiven b an pngaged bonfigusation, assshown in Fig.

Do 35 o e Bl by o, i of BB GrA s aap o

The coil asseardliye @gagenent boss\B6pavides ior besweed caupling betwaencihe resainingymarmier; 2 of

the per Mnent sd Bl ssdohd! Shtlimehit pRAGLIAH B4 biBpdsed BR il dcilton SolANRCI4IA U

votee col m)pn'gsrsm:e of relatively low to moderate levels of externally induced actuator acceleration. The
permanent magnet 92 disposed on the magnet support 88 preferably includes a south pole (S)
segment for magnetically interacting with the engagement boss 96, and a north pole (N)
segment for magnetically interacting with the release boss 98.

The engagement boss 96 and release boss 98 are preferably formed of a
suitable ferromagnetic material which is magnefically attracted by the polar. fringe fields
‘assoclatsd with the south and north pole segments of the permanent magnet 82. The
magnetic coupling force between the north pole segment and the release boss 98 is preferably
less than the magnetic coupiing force between with the south pole ssgment and the
sngagement boss 96. To achieve a desired magnetic coupling force differential, the relative
separation distances reépectively between the south and north pole segments and the
engagement and release bosses 96 and 98 can be varied, for example. Modification to the
shape and size of the south and north pole segments of the permanent magnet 92 may also
provide for the desired force differential.

The electromagnetic latch body 83 is preferably rotated from an engaged
orientation to a non-engaged orientation by increasing the magnet coupling force between the
north pole of the permanent magnet 92 and the release boss 98 sufficient to rotate the magnet
support 88 in a direction toward the release boss 98. Application of a cumrent in the
appropriate direction through the latch coil 90 provides means for rotating the magnet support
88 in a direction toward either of the release boss 98 or engagement boss 96. Application of
a release current to the coil 90 to move the electromagnetic latch body 83 from the engaged
orlentation to the non-engaged orientation Is preferably applied during the power-up procedure
of the DASD. During a power-down procedure, application of a engagement current to the
latch coil 90 is preferably provided by back EMF generated within the spindle motor 26 as the
spindle motor 26 Iis powered down.

In the presence of relatively low to moderate levels of externally induced
actuetor acceleration, the magnetic coupling force between the permanent magnet 92 and the
engagement boss 96 is preferably sufficient to restrain the actuator 30 in a parked and
engaged orientafion. Application of a strong external shock force exerted on the DASD
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responsive to control signals produced by a controller 58. The actuator

voi ce coil notor produces a torquing force on the actuator coil franme 34
when control currents of varying direction and magnitude flow in the coil
assenbly 36 in the presence of a magnetic field produced by the pernanent
magnet structur : torquing forces inparted on the actuator coil
frame 34, in tufwgggéirf e correspondi ng rotational novenent of W@PM%W
armp 28 In directions dependent on the polarity of the control currents
flowwng in the coil assenbly 36. A controljer 58 preferably includes
control circuity that coordinates the transfer of data to and fromthe data
st orage di skshotiding 210 map teestadufiisient traghifade o toagseode-sonpiing betwben thieo secpnd nove
t he actuator ar ' ; or
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prevents unrqat;riqglisned actuator 30 rotation out of a parked orientation in
the presence of relatively weak noderate, and strong externpal shock forces

applied to the DASD holelefige new torfio. fJhare dg, Bystraled another embediment £ 8, dupl
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physical |y DASDs.
The electromagnetic latch assembly 100 illustrated in Fig. 5 preferably includes
a latch body 101 rotatably mounted to a pivot shaft 108 disposed on the base 22 of the DASD
housing 21. The latch body 101 preferably includes a restraining member 102, a latch coil
frame 105, and a pivotable magnet support 104. A pair of coil magnets 116 are preferably
disposed on the lower and upper magnet assemblies 42 and 40 respectively below and above
a latch coil 106 provided on the laich coil frame 105. A pair of release magnets 110 and
engagement magnets 114 are preferably disposed on the lower and upper magnet assemblies -
42 and 45 of the permanent magnet structure 38 in proximity with a bistable magnet 112
mounted o the pivotable magnet support 104. The separation distance between the pair of
release and sngagement magnsts 110 and 114 preferably define the range within which the
pivdabla magnet support 104 is permitted to rotate.
in the embodiment illustrated in Fig. 5, the eleciromagnetic latch assembly 100
is shown in an engaged orientation with respect to the actuator 30. A magnetic coupling force
produced between the engagement magnet 114 and the bistable magnet 112 provides a
biasing force preferably sufficient in strength fo provide secure coupling between the
restraining member 102 and a first engagement protrusion 80 disposed on the actuator coil
frame 34 in the presence of relatively low fo moderate levels of externally induced actuator
acceleration. The restraining member 102 Is preferably rotated from the engaged orientation
1o a non-engaged orisntation with respect to the first engagement protrusion 80 by delivery of
a release current of the proper direction and 'magnitude in the latch coil 108 in the presence
of a magnetic field produced by the pair of coil magnets 116. The latch coil 106 and the pair



7 contact the surface of the disk 24 within either one of the inner or
outer landing zones 47 and 48 when the actuator 30 is noved to a parked
orientation. In a | oad/ unl oad DASD, the actuator 30 is
generally noved toward the outer periphery of the disk 24 during a
power - down procedure,. Wwith the actuator arm 28 typically engagi ng the ranp
49 to lift the sMUEARBZ and transducer 25 of f of the disk 24 TAE/a1845
the .parked configuration illustrated in Fig. 3, the actuator 30 is
preferably restrained from uni nt ended novegent by a nagnetic coupling force
produced between a permanent nagnet assenbly 74 and a surface of the

act uat or franef Gl magnetactiégreferably ®peralar doaparativgly i as ® minjature lybipe ¢bik potoedn an

one side of t ' ' Loyl

per manent nagﬁ‘gpﬁé}atgg@ﬁﬁ #%8‘% |%W%%%2@9%®ﬁ§°ﬁés%sh@9¥% 21.
A magneti c asp@mahgnt snagpetAbuttyre $8ef er abl y nounted to the actuator franme 34
for contacting the per ; ?ﬁ I W& t LS I N
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Is preferably, confjgured to provide a constant clearance distance between
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Turning now to Fig. 8, there is shown a graphical representation depicting the
efficacy of the novel dual actuator latch apparatus in the presence of low, moderate, and high
levels of extemally induced actuator acceleration. Relatively low and moderate levels of
externally induced actuator acceleration are preferably compensated for by magnefic or
electromagnetic latching of the actuator 32 in accordance with the operation of a novel dual
actuator latch apparatus as previously described. As further iflustrated in Fig. 6, inertial
latehing is provided to prevent unrestrained rotation of the actuator 30 out of the parked
orientation in the presence of moderately high to high levels of externally induced actuator
acceleration. Depending on a number of configuration and dynamic factors, there may exist
a transitional range of acceleration levels within which magnetic or electromagnetic latching
may be partially Inifiated concurrently with actuation of ineriial latching.

Delayed de-coupling or bouncing between the magnetic/electromagnetic latch
assembly and the actuator can result in non-synchronous actuation of the inertial and
magnetic/electromagnetic latch assemblies. it is noted that near-insta:ntaneous de-coupling
of the magnetic/electromagnetic latch assembly from the actuator coil frame 34 and concurrent
actuation of the inertial latch assembly is understood as synchronous actuation between the
two disparate latch assemblies. Itis generally preferable to minimize the likelihood of any such
transitional non-synchronous actuation of the inertial and magnetic/electromagnetic latching
assemblies, which may be accomplished by, for example, modifying the appropriate magnetic
coupling forces, changing the size, mass, and biasing force of the inertial tatch assembly 60,
and by locating the inertial and magnetic/electromagnetic latching assemblies within the DASD
housing 21 at locations other than those illustrated in the embodiments shown in Figs. 3-5.

A



magnet assenbly 74 shown in Fig. 3 preferably conprises a ferromagnetic
menber 74 extendi ng between the upper and | ower nagnet structures 40 and
42. Magnetic flux lines preferably circulate through a permanent nagnet of
one polarity disposed on the upper magnet assenbly 40, through the nenber
74, *and through‘gggernanent magnet oOf the opposite polarity disposed on the
| ower nmagnet assenSi4IH to conpl ete the magnetic flux path. \RGCEFPIGIIBLS
actuator stop surface 78 is in contact or in proximty with the
ferromagnetic menber 74, a relatively | omg el uctance pathway through which
the magnetic flux lines pass is produced which, in turn, results in the
production of the requinrondronpoditient, Q@ilp#tiatag ih ®lge.3 and 4, the inertial latch body &2

|1 |
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presence of rprbtasion&0yisposedtan the detuakbreco ¢ 84 pfthe ey t in
t uat
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presence of ar elepirampgnelic datch agsemkly 62 has deycotpietlwidivthe actuaternoil firrae34e rThe fitsh .
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of the inheren
8 associ at eFoHPIehHWihHWG sentraiping memeken 8%-or | at chi ng mechani sms by enpl oyi ng a

separate inertial It will, of course, be understood that various modifications and additions can be
made to the preferred embodiments discussed hereinabove without departing from the scope
or spirit of the present invention. It should be understood, for example, .that the novel duat
actuator latch apparatus is not limited to use only within DASDs employing magnetic disks, but
may be employed in various types of systems to facifitate protection of other data storage
mediumns, such as CD-ROMs and optical disks, for example, when such systems are subjected
to external rotational shock forces. Further, the novel dual actuator latch apparatus may be
employed in DASDs of varying configurations, and is not limited to use in small and very small
form factor DASDs. Also, varying configurations of the inertial and magnetic/electromagnetic
latch assemblies come within the scope of the present invention.



| atch assenmbly 60 in tandemwith a magnetic |atch assenbly 72 to provide
highly reliable restraining of unintended HuogShegt nt or rotation
i the presence of varied |evels of externall[§fgtie it uat or

accel eration. As such, the novel dual actuat i | ratus provides for
virtually 100% rgst.rai nt reliability of a DASD actuator 30_i

presence of |ow,®§38é*3§§, and hi gh shock forces exerted on tﬁgﬁlﬁk@@lﬂs
housi ng 21. ' The inertial latch assenbly 60 illustrated in
Fig. 3 preferably includes an inertial |at€h body 62 rotatably nounted on a
pi vot shaft 68. The inertial |atch body 62 I‘El%eferably I ncl udes an el ongat ed
restrai ning member 64 and an inertial bO%M%. As shown in Fig. 3, the
restraining nenber 64 is situated in proximty to a first engagenent
protrusion 80 di sposed on one side of the actuyator franme 34, \Wen .in a

non- engaged of4 ent/A@Hdatch orarbiRnadagie; iy restraining, an adyatay; 'ﬁfaf?B'Yn’EFr%?J]&ai s
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38. The bi asing aggar ahum\zhmhmsﬁém;ahbmpdﬁrgses the inertial latch body 62
agai nst a stop nenber 99 e e.r | LN e Js maintained in a
non- engagenent orientation. a{%fcﬁtbﬁ%y %%%ﬂ)l @blgﬂ%{@g&e@@@g’a sufficiently
strong external rotational aresténifigmembescoupiec &t thailalehobedy: fonrestraining 8 may
rotate away fromt kKl : | |
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storing regions oftothechaysingt addor age di sk 24. . Unrestrained
rotation of the actuator 3%-%/\ﬁ%a,{rqga 1P Hekaidh Red). trhrOoladiRS Het teShidifg® ™ a
strong external rotational sf ock fsbrceﬁ.'éla; prevent edé’jf)y t he ﬁiaflertial Iagt)ch
assenbly 60 r ot at iMemler #a fstneirergager adeniation with feseaqt todheactuaioy g absence

orientation wth repeResteriad shddk forée: dad or 30. A sufficiently strong
cl ockwi se rotational shock f@rgeasgxerted on .t he DASD housing 21, for

exanpl e, will general | { S8f%f PIEDl, COFRIMY 30 fromits parked
orientation, notw thstandi ngmadnet assgmblyintounted b thedwisings endet ween t he

per manent magnet assenbly 74 t a P..SML T

di sl odged actuator arm 28 aw_d °52$°93§;rté§%%8§st r°n2§£§§é§ﬂ%?°§ rﬂéﬁﬂ,aﬂctaléynd to
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respect to the sysf: ' ked rotation of the actuator
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30 and transducer

2. An apparatus as claimed in Claim 1, wherein the second latch assembly further
comprises a magnet assembly stop for providing a constant clearance distance
between the magnet assembly and the actuator stop surface when the actuator is
restrained in the second engaged orientation.

3. An apparatus as claimed in Claim 1, wherein the restraining member includes a curved
engagement surface for providing slidable engagement between the restraining
member and the actuator prior to coupling between the restraining member and the
actuator.

4, An apparatus as claimed in Claim 1, wherein the magnet assembly of the second latch
assembly comprises a permanent magnet structure for magnetically interacting
cooperatively with a coil assembly disposed on the actuator as a voice coil motor.

-
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assenbl y will typically result in detrinmental contact between the
transducer 25/slider 35 assenbly and the smggﬁ&tms%&pﬁ,gegri ng regi ons on

the data storage di sk 24. In 1 IEE strong cl ockw se
rotational shock force applied to the DASD jmﬂ mmﬂk inertial |atch
syl

body "62 rotates | nt er-cl ockwi Se dire pivot shaft 68.
The restrai ning @n%é‘riag /01848

4 engages the first engagenent protrus?% _
di sposed on one side of the actuator coil frane 34 to prevent unrestrained
rotation of the actuator 30 15 ’
9 out of the parked orientation. The inertia produced by the inertial body
66 as it rota¥-es iAD appaalust s clgimed inClaim di wherelndne ettuatercsiens surface isomprisag
force exerted by t k) gg,&% SrRSH WAl NQ
menber 64 to rot atrﬁb.qngﬁv\cg@d' tﬂe ir?%ﬁég%\égragngﬁr{aﬁ%m“ u3|'§{riimt8‘g£gc'i1i5{sa%§é@c,}?on
the actuator coil ofthersscoryl latenassemblys engagenment protrusion 80 is then
captured by the restraining nenber 64; thus preventing the actuator 30 from

rotating out of t@S\ ar ked %osi.tio_n. After the strong clockw se rotational
shock force ekert %ﬂaﬁaﬂ’é ReBnedin &aig 1oWhereingi ssi pated, the biasing force

produced by the bi asi ngheappodtstigesdiskbofipfsedXeithércshe @R ait hMer dR@dtdr dandig Boné 6
rotate out wth the first

urges the restraini nenber, 64 t f enga t
engagenent protr u@a??%ﬂ’?gaﬂﬂnﬁtﬁrugég"q NG r?@pt'ﬁ%Iac?‘%ng%gﬁ&fyarﬁfWW? &Mr n
to its original extending over at least a portion of the data storage disk; and
a portion of the actuator arm is restrained proximate either one of the inner and
outer diameter landing zones when the actuator is restrained in sither one of the first

and second engaged orfentations.

7. An apparatus as claimed in Claim 1, wherein:
a load/unload ramp is disposed in the housing proximate an outer periphery of
the data storage disk, and the actuator includes an actuator arm extending over at least
a portion of the data storage disk; and
a portion of the actuator arm is in contact with the toadlunloéd ramp when the
actuator is restrained in either one of the first and second engaged orientations.

8. An apparatus as claimed in Claim 1, wherein:
a permanent magnet structure is disposed in the housing for magnetically
interacting cooperatively with the actuator as a voice coil motor;
the actuator comprises:
an actuator arm exiending over at least a portion of the data storage
disk; and
a back portion proximate the permanent magnet structure, the back
portion respectively including a first side and a second side;
arestraining protrusion is dispased on the first side for engaging the restraining
member; and
the actuator siop surface is disposed on the second side for magnetically
interacting with the magnet assembly of the second latch assembly.

9. A dual laich apparatus adapted for restraining an actuator rotatably mounted to a

housing of a DASD fo prevent unintended contact between the actuator and a data
storage disk disposed within the housing, the dual latch apparatus comprising:

s
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non- engaged orientation. The biasing apparatus 70 preferably conprises a
spring coupled to the inertial body 66 or, alternatively, a torsion spring
disposed on the pivot shaft 68 and coupl edTkipShediBasBeerRepladed | at ch body 62.
In the enbodi ment illustrated in Fig. 3, a im HWHHWCI ockwi se
rotational shock_force applied to the DASD i | fl ge se
an unrestrai ned MIU4B7 30 to rotate in a clockw se ctiomﬂrﬁy/"%ect
to the DASD housing 21. Any unrestrained clockw se rotation of the actuator
30 away fromthe data storing regions of t4ge disk 24 is generally of
secondary concern. The actuator stop surface 78 di sposed on the actuator
coil frame 34 is pref eradirétyatchassemblpctompriging: t he per manent nagnet assenbly

74 which prevents further r ﬁ%l“a%ﬂ b%yh;lih?agﬁmrm%ﬂ&&n ind t he

transducer 25/slider 35 ass yina on away fromihe notor spindle
26. The magnetic coupling f efistresteainingemernes caunlaskto Hie fisst igtehdgdy, M gestrgning, g
t he per manent mag r b [ Y f19rant &onseP GHER force
restraini ng of thgﬁgé?tég@g?{ 5@@@#@?@%@890@?‘% tation in the event of
resi dual bounci ng ¥ppliesklotthenbousingiensh t he actuator coil frane 34 and the

permanent magnet assenbly 7giag means, coupled to the/AREH Bedy, frbrasihgMatfire testréifingiov el
dual actuator l|atch apparatus 1s illustrated In Figqg.

4. The d t uat or
| at ch appar at us i | mergkerin a firs rpneangaged %%@FWV*&%M@é@'ﬂ&bﬁ%ﬁﬁlﬁ% gt ch

assenbly 60 sim | ags hedakdtadl HbSCIORECHhdPr evi ously with respect to Fig. 3,
and an el ectromagnetic |atch as The el ectromagnetic |atch

ﬁenbln% 82. L

assenbly 82 preferabl yapﬁeﬁmddl@@ A8Feel) PUBREN%ict uat or restrai ni ng in the

presence of relatively | ow acetondaatet body eotathbly obunded terthahbusingnduced

actuator accel erations and is_preferabl |G laﬁy” si ze

suitable for use in small fﬁﬂﬁéf'%c%%%‘%%@%@ tﬁlﬂefée%rf&nlﬁicﬂ é

el ectromagnetic | atch assenblspcddd rpsteaiingamhénber,rrobpieb o tha secand tiatehBegyetor

| at ch body 83 rot : | f drieRttidh sed on the base 22
aﬁ@%ﬂnd}ﬁg%@%} fh af"se%r\ﬁoéngi#bgt &leﬂgll L 3Ry

of the DASD housi ng ectromagnet | ch body 83 includes a ﬁgnet
support 88 for supporting acQleTeaAdeTProvidiges magnetic, hiasiag fags: o af e S7ro

86 for engagi ng angstting mthodé bétwaens B Ja6onaNEREGEIEBienIi6H lahid iacsbedhél non-
di sposed on one side of the actuator coil fr %34. The
engaged orientation with respect to the ac r.

er

10.  An apparatus as claimed in Claim 8, wherein:
the second latch assembly further comprises an engagement boss and a
release boss disposed in the housing;
the coil means magnetically interacts with the engagement boss andtherelease -
boss the respectively urge the second restraining member betwsen the second
engaged orientation and the second non-engaged orientation. .

11.  An apparatus as claimed in Claim 9, wherein the first restraining member includes a
curved engagement surface for providing slidable engagement between the first
restraining member and the actuator prior to coupling between the first restraining
member and the actuator.

12,  An apparatus as claimed in Claim 9, wherein:
a permanent magnet structure is disposed in the housing for magnetically
interacting cooperatively with the actuator as a voice coil motor;
the actuator comprises:
an actuator arm extending over at least a portion of the data storage

disk; and
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10 electromagnetic |latch assenbly 82 further includes a latch coil 90
nmounted to the base 22 or a flange support nounted to the base 22, and an
engagenment boss 96 and a rel ease boss 98 al so nmounted to the housi ng base
21. Wien in an engaged configuration, as shown in Fig. 4, magnetic coupling
bet ween t he perqgg gfgnet 92, disposed on the magnet support 88, and the
engagenent boss %lg des for secured coupling between the r f’f’ﬁsﬂb
menber 86 and the second engagenent protrusion 84 disposed on the actuator
coil frame 34 in the presence of relativej %_|OM/tO noderate | evel s of
external ly i nduced actuator accel eration. The permanent nagnet 92 di sposed

on the magnet support 88 prahaekain ipédnide Shepihbidnt Rrabset (SRictreg tertiack or
cegment for’ magnePPOED P%n%“ﬁ%f%@w' 74 o e P apeond BB 0. | L L
segnen or magnetP Ss
The engagenent boss 96a irstireskedirhasproinsion © Sispased [oh diecirst Iside féremngagihgothe dirst
sui tabl e ferromag ich-is magnetically attracted by the
pol ar fringe fiel M@’%%@Wh the south and north pole segnents of
t he permanent magnet 9@secthrbrestraining: profrusion s dispgsedandie secanficsile ferrengaginatthe pol e
segnent and the rg L&,ﬂa%&gﬁﬁ?%ﬁb@rpreferably | ess than the magnetic

w

coupling force between he solth pole segnent and the engagenent boss
96. To achieve a desired magnetic coupling force differential, the relative

separation digt anqqgre&te&ggsgtswfdeydeb@é W%&nﬁ&‘@a@%&rsﬁﬂd north pol e segnents
and the a housing;

a data storage disk; .

a spindle motor mounted to the housing and adapted for rbtaﬂng the data

storage disk;

an actuator rotatably mounted to the housing;

a transducer head mounted to the actuator; and

a dual latch apparatus comprising:

a first latch assembly, comprising:

a latch body rotatably mounted to the housing;

a restraining member, coupled to the latch body, for restraining
the actuator in a first engaged orientation in response to an external shock force
applied to the housing; and

bias means, coupled to the latch body, for biasing the restraining
member in a first non-engaged orientation with respect to the actuator in the absence
of the external shock force; and

a sacond latch assembly, comprising:

a magnet assembly mounted to the housing; and

an actuator stop surface disposed on the actuator for
magnetically interacting with the magnet assembly to restrain the actuator in a second
engaged orientation in response to the external shock force. |

14.  An apparatus as claimed in Claim 13, wherein the second latch assembly further
comprises a magnet assembly stop for providing a constant clearance distance
between the magnet assembly and the actuator stop surface when the actuator is
restrained in the second engaged orientation,
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engagenent and rel ease bosses 96 and 98 can be varied, for exanple.

Modi fication to the shape and size of the south and north pol e segnents of
t he permanent magnet 92 may al so provide for the desired force
differential. The el ectromagnetic |latch boedy 83 is preferably

rotated from anrggg&?ﬁ%, orientation to a non-engaged orient at ?&?[ﬁp%mms
e 0 e .

I ncreasi ng the upling force between the north pole o

per manent magnet 92 and the rel ease boss 98 sufficient to rotate the nmagnet
support 88 in a direction toward the rel else boss 98. Application of a
current in the appropriate direction through the Iatch coil 90 provides
means for rot#hi nd\niepparakigasclaimapibiam $3 urihepcomprising 2 pRMEneRbNAoNet selure, f

t he rel ease boss ‘ﬁ@.,q; | | S8tuatby I ent
to the coil 90 togﬁon\%n%@gﬁ}g@%%gg%ﬁrg?@cy at Cci?ﬁg%sg@&ggﬁgur%g%% ﬁg en ed
orientation to th@ssoveicerrpl graiprovhessit e maonet asrebly i e, segond| 'F'E'Elaaﬁﬁ"ﬁﬁ’g t he

power - up procedur @pfbridel thd Pernanehtimbgtdt fruefivg - down procedure, application
of a engagenent current to the latch coil 90 is preferably provided by back

EMF generated within the spindle notor 26 as the spindle notor 26 is

powered down.1s, A direct access dtdtagedevicé R Siofiny Gata comprsingel y | ow t o noderate
| evel s of externally i nﬂ‘uced actuator acceleration, the magnetic coupling

force between the per nBM8f "% mgnet 92 and the engagenent boss 98 is
preferably sufficient heatacstdragsidiskt he actuator 30 in a parked and engaged

or i entation. Appl i cati g phedn gl Hilied b ' RbusHBOfa dBHEE 7 1ol e et
storage disk;
an actuator rotatably mounted to the housing;
a fransducer head mounted to the actuator; and
a dual latch apparatus comprising:
a first latch assembly, comprising:

a first latch body rotatably mounted o the housing;

a first restraining member, coupled to the ﬁr;t {atch body, for
restraining the actuator in a first engaged orientation in response to an external shock
force ‘applied to the housing; and ' _

bias means, coupled to the latch body, for biasing the first
restraining member in a first non-engaged orientation with respect to the actuator in the

~ absence of the external shock force; and
a second latch assembly, comprising:

a second latch body rotatably mounted to the housing;

a mapnet assembly mounted to the second latch body;

a second restraining member, coupled to the second latch body,
for restraining thé actuator in a second engaged orientation; and

coil means for providing a magnetic biasing force to urge the
second restraining member between the second engaged orientation and a second
non-engaged orientation with respect to the actuator.

17.  An apparatus as claimed in Claim 16, whersin:
the second laich assembly further comprises an engagement boss and a
release boss disposed in the housing;

I



11 housing 21 may be of sufficient magnitude to cause de-coupling between
the second engagenent protrusion 84 disposed on the actuator coil frane 34
and the restraining nmenber 86 of the el ectromagnetic |atch assenbly 82.
Detrinmental unrestrained actuator 30 rotation, however, -is precluded by
concurrent actu the inertial latch assenbly 60 which [ ts |

act uat or restraﬁhh&%?%greferably I n a manner Sln1|;r to that B&@@Fﬁ@&kg.
described with respect to Fig. 3. - Referring nowto Fig. 5,
there is illustrated anot her enbodi nent ofg a dual actuator |atch apparatus

including an inertial l|atch assenbly 60 di sposed on one side of the
actuator coil frame 34maao1mnaina@1emlymmraetsbmumemngagamemmoeewmecmlagaﬁetic

| at ch assenbly 10 o] ‘%géenc I e
34. The enbodi nen a‘? %E%F%Vro gl&\et | cﬁ{iq'?m%&mé n@ﬁr I%sste?at ed in
Fig. & provides rehgw erientation tapd theGsecansit noniengraad onentath& presence of

relatively lowto noderate | evels of -externally induced actuator
accelerations, and is preferably of a suff|C|entI¥ snmal | size suitable for
use i n smal | ¥8or mAnZpRRSRIUASEIImed in Claim 9 or 16, whersjp the| o meanRiis Aiseq Pﬁlﬁlen
assenbly 100 .l U%&&ﬁ&%”&dﬁl g. 5 preferably includes a |atch body 101
rotatably nmounted to a pivot shaft 108 di sposed on the base 22 of the DASD
housi ng 21. The latch body 101 preferably includes a restraini ng nmenber

102, a latch 1g0i l mr@ﬁ@atwisclﬁﬁﬂd&huammabieewm@mmcawmamsttsﬁﬁmsed\opmer of

coil nmagnet s 116 era osed on the |o

assenblies 42 and B’é’é’ﬂ%é“gt JPRanet Age tﬂ%wué@f gft@%s%cgﬁf aI%%%%?ow ded

on the latch coil frarre 105. A pair of release magnets 110 and engagefrent

magnets 114 e pr h

assenbl i es 4?°and Aﬁ%%gggéﬁgaﬁggajggﬁhéﬂmﬁeﬁ ure @gﬁ%@gﬁ@&rm y with

a bi stabl e’ magnet satstantiaiinconform o hobsingdimensions eresuibed:by 8 BEWEHA del’@ﬂ housitg

separation di stangsﬁéﬁeﬁen the pair of rel ease and engagenent magnets 110
e

and 114 preferably I ne the range within which the pivotable magnet
support 104 is permtted to rotate.

21.  An apparatus as claimed in Claim 9, 13 or 16, wherein:
the data storage disk comprises either one of an inner diameter landing zone
and an outer diameter landing zone, and the actuator includes an actuator arm
extending over at ieast a portion of the data storage disk; and
a portion of the actuator arm is restrained proximate either one of the inner and
outer diamater landing zones when the actuator is restrained in either one of the first
and second engaged orientations. -

22.  An apparatus as claimed in Claim 9, 13 or 16, wherein:
a foad/unload ramp is disposed in the housing proximate an outer periphery of
the data storage disk, and the actuator includes an actuator arm extending over at jeast
a portion of the data storage disk; and
a portion of the actuator arm is in contact with the load/unioad ramp when the
actuator is restrained in sither one of the first and second engaged orientations.
[
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In the enbodinent illustrated in Fig. 5, the electromagnetic |atch assenbly
100 is shown in an engaged orientation with respect to the actuator 30. A
magneti ¢ coupling force produced between the engagenent magnet 114 and the
bi st abl e nagnet 112 provides a biasing force preferably-sufficient in
strength to provide secure coupling between the restraining nﬁgpféﬁéﬂé and
a first engagem¥R2¥M¥¥r usi on 80 di sposed on the actuator coi 8 in
the presence of relatively low to noderate |evels of externally induced
actuator acceleration. The restraining nmenber 102 |Is preferably rotated
fromthe engaged orientation to a non-engaggs orientation with respect to
the first engagenent protrusion 80 by delivery of a release current of the
proper direction and magnitude in the latch coil 106 in the presence of a
magnetic field produced by the pair of coil magnets 116. The latch coil 106
and the pair 12 of
coil magnets 116 preferably operate cooperatively as a mniature voice coi
motor in a manner similar to that previ gQ% described with respect to the
actuat,or coil 36 assenbly and permane g&5 8t structure 38.

Upon delivering the appropriateyfel ea to the latch coil 106, the
| at ch body 101 preferably rotates o gaged orientation until the
pi vot abl e magnet support
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104 contacts the rel ease magnet 110. A magnetic coupling force between the
bi stabl e magnet 112 and the rel ease magnet 110 preferably restrains the

| at ch body 101 in the non-engaged orientation, thereby permtting
unobstructed operation of the actuator 30. In the presence of a
sufficiently Stﬁf”ﬁ%é%BCk“jse rotational shock force applied ﬁé@ﬁﬂﬁmﬁﬁﬁD
housi ng 21, uni e rotation of the actuator 30 fromthe preferre :
parked orientation is prevented by actu Vg@ of the inertial latch assenbly
60 i'n a manner simlar to that previousﬁ% scribed with respect to Figs. 3
and 4. Turning nowto Fig. 6, there is shown a graphica
representation depicting the efficacy of the novel dual actuator |atch
apparatus in the presence of |ow, noderate, and high levels of externally
i nduced actuator acceleration. Relatively | ow and noderate | evels of
externally i nduced actuator acceleration are preferably conpensated for by
magnetic or electromagnetic |latching-of the actuator 32 in accordance with
t he operation of a novel dual actuator |atch apparatus as previously
described. As further illustrated in Fig. 6, inertial latching is provided
to prevent unrestrained rotation of the actuator 30 out of the parked
orientation in the presence of noderately high to high levels of externally
i nduced actuator accel eration. Dependi ng on a nunber of configuration and
dynam c factors, there nmay exist a transitional range of acceleration

| evel s within which nmagnetic or electromagnetic |latching may be partially
initiated concurrently with actuation of inertial |atching.

Del ayed de-coupling or bouncing between the nagnetic/el ectromagnetic |atch
assenbly and the actuator can result in non-synchronous actuation of the
inertial and nagnetic/el ectromagnetic |atch assenblies20It is noted that
near -inst ant aneous de-c@gpling of the ra5gr3g i cagl ectr gnetic latch
assenbly fromthe actyaior coil frame 34 afd céncurrent actuation of the
inertial latch assenmbjy is underst zct uat i bet ween t he
two disparate latch apsenblies. It]i : : 0O mnimze the
| i kel i hood of any e tTansi 1 ongl  NgN- Sy RCOLON0Ld hat ifon of the
inertial and magneti cf el —— e : i whi ch nay be

acconpl i shed by, for pxanple, nodifyi nggi c coupling
forces, changing tzur'si§%£=ﬁﬁ§§?=%§ fhertial |atch
assenbly 60, and by |pca e tromagnetic

| at chi ng assenblies wWthin the DA

42
! ' —/
22 % 32

FIG. 2
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housi ng 21 at
shown in Figs.
13

inerti al

coi

sl i dably engage LLst engagenment protrusion 80 di sposed o
frame 34 iﬁh?ﬁmhkﬁ g?h@ﬁF@

In one enbodinent, as illustrated in Figs. 3 and 4,

e event that the inertial |atch body 62 be

| ocations other than those illustrated in the enbodi nents
3-5.

t he

| at ch body 62 includes a curved engagenent surface 65 adapted to

&yat or

rotate

toward the actuator latch frame 34 befor%tﬁs magnetic | atch assenbly 72 or
el eCtromagnetic | atch assenbly 82 has de-coupl ed wi t-h-the~actuator coi

frame 34. The first engagenent protrusion 80 preferably slides, along the
curved engagenent surface 65 until it couples with the restr%?%ing menber
64. It will, of course, be understoqd that varigus

nodi fications and aderTions can be nade to the preferred enbodi ney

di scussed herei nab Wi t hout departing fromthe scope or spirit o e
present invention shoul d be understood, for exanple, that the I
dual actuator |atfffilapparatus is zé\ rmtTee~Q_ use only within DAS

enpl oyd ng magneti f§jlcdi sks, but way b °‘§$§de i NTwQrious types of syHtlens

to facilitate proj

optical disks, fof
rotational shock
may be

)r ces.

ction of
‘exanpl ¢
Furt her, 34he novel

ot her data \:ée medi ORg, such as
when such syste':\E.; subjwcted to

dua | at chf appar 3

48

8Cct uat O

4£I> 5 and
xt er ng+22

t us

SUBSTITUTE SHEET (RULE 26)



enpl oyed in DASDs of varying configurations, and is not linmted to use in
smal |l and very small formfactor DASDs. Al so, varying configurations of the
imertial and nagnetic/electromagnetic |atch assenblies cone within the
scope of the present invention. .

14 - ) CLAI M5 1. A dual

| at ch apparatus‘g%g$?55 for restraining an actuator (30) rota ! Hted
to a housing (21) of a DASD to pgf&ﬁgt uni nt ended contact between
the actuator and a data storage (24) disposed within the
housi ng, the dual |atch apparatus conprising a first angpsecond

| at ch assenbl y) said dual latch appartus characterizeg in that:
said first latch ass y—(-60)>—cerpHoes a1 | at ch
body (66) rotal abl y/founted to the housing and coupled to a first]

I nertial restrainj y menber (64) for restraining the actuator in rst
engaged tentation in respo o_an external shock force ;plied
to the housing; 3§ , coupled lo th tch
body (66), for biljdfi ng the f _ menber in,a fippt
non- engaged ori ernffati on w respect to t [N the absg¢nce

of the external 4jjock fgrce; and 24 X econd | gtch aspenbly
(72), conprises: {i- a second |l atch C N, rotafably nput ed
to the housing anf to magnet assenbly (76, econd |[atch

body coupled to g

g

Rai d
ai ni ng nmenber (74) 48
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for continuously restraining the actuator (30) in a second engaged

orientation; and coil neans (36) for providing a magnetic
bi:asing force to urge the second restrai ni ng nenber between the
second engaged orientation and a second non- engaged orientation
W th respect to the actuator. 2. ° An apparatus as clained¥é%h§; L&&J”
wher ei n: WO 96/41337 { he second | atch assenmbly (72) furthet conprises an
engagenent boss (96) and a releagglyg;s (98) disposed in the .
housi ng; the coil neans (3®) gnetically interacts with the
engagenent boss and the rel ease boss the respectively urge the
second restraining nenber between the second engaged orientation
and the second non-engaged orientation. 3. An apparatus as clainmed in
Claim1, wherein the first restraining nenber {64 —iretudes -<Cu ved
engagenent surface E;( at ' ' }\\
restraini ng nenber fng Fe actuator prj to coup ¢ en the fd
restraining el and the agtuator. 4. A araus as ¢ ned
in Claim1l, whereinf ! a per manent ei\struct
(74) is disposed inf tji¢ housi ng A or nagneticalhy ’ '
' \
8\
\
1
35/1
/ Q§§§§SEE}
25 \§>
N\
6 102 ] 108\ M12
3 101 114 2

FIG. 5
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interacting cooperatively with tho coil neans (36) as a voice coil notor;
the actuator conprises: an actuator arm (28) extending over
at- | east a portion of the data storage disk; and a
back portion proxi nate the permanent magnet structuren,.the back portion
respectively including a first side"and a second side;

fll’gte restré,u ni NYOBF#3usi on (80) is disposed on the first S|88TW1“8
engagi ng t he first restraining nenber (64), and ) a
secdnd restraining protrusion (84) is dis §q9 on the second side for
engagi ng the second restraini ng nenber (82? A dual latch

appar atus according to anyone of the previous clains to be used in a

di rect access storage device for storing data conpri sing: a
housi ng (21); a data storage disk (24); a
spindle nmotor (26) nounted to the housing and adapted for rotating the data
st orage di sk; an actuator (30) rotatably nounted to the
housi ng; and a transducer head (25) nounted to the actuator.
6. An apparatus as clainmed in Caiml or 5 wherein the coil neans (36)

i s disposed on .the second | atch body (34). 7. An apparatus as

claimed in daim1l or 5 wherein the coil neans (36) is disposed on
the housing in proximty with the nagnet assenbly (76, 78) nmounted to the

5
=
S
3
. Moderate
=
E
= |
8
2 MAGNETIC |
2 ELECTRDMAGNETIC
Low

Al

DUAL LATCH APPARATUS ACTUATION

X

‘ FIG. 6
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| at ch body. 8. An apparatus as clainmed in CQaimb5, wherein the

external dinmensions of the housing substantially conformto housing
di mensi ons prescri bed by a PCMClI A device héu5| ng speci fication. 9.
An apparatus as clainmed in Caim1 or 5 where the data

storage di sk (tlzmﬂatgcﬂ@mﬂ%d@‘seﬂﬂdﬁérfh%mégf‘@ﬂc émnsdwm Adtlainancd reginefi they disk e
zone and an ougrepfl GHREAE 16;8@19?&;9&%{ g'&?‘ dhBCARE! Mt @dia lsRF WOBS Bhage ed

actuator arm g over at [éast a portion o
data storage decakion mubeirreparably ost a portion of the actuator armis

restrained proximate ei{hghs Moo anh'égpalrrﬂp‘sﬁﬁeagé'ﬂgcn dovel oponHFc%[n inﬁgﬁgx%lly

| andi ng zones when the actuator I1s re in elt er one O I rst
and second engatpeifoptic walistal dnersirainetoactuatonmolalipsaribiolis pafcredapaivag origniglie m 1

ﬁgug’l n‘é‘hg; ﬁl(.” during periods of DASD mé%ﬂvﬂ?qg b Qa&n@ﬁﬁ? lﬂ@h{)bﬁﬁm%@gﬁ’xg i ""E"’Q‘gﬁ)

and the act uamcoutoraumwwam mmatoatam[oamm(x adimiled range of@cctécﬁqugll vsowatn

least a porti ¥ é)r{. 15#1&&9%%51 c%h%ﬁly%&rmﬁﬁqaichlng assemblics are generally effeclive
for limiting unresirained actuator rotation in the presence of high levels of extemally induced
actuator acceloralion, fl is also known In thc arl thal commonly used magnclic or
electromagnelic latch assemblios are generally effective for limiling such unrestrained acluator
roiation in the presence of fow levels of exiernally induced actuator acceleration.

In WO 80/01767, a magnetic head lecking mechantism is disclesed. Thie
invention desoribes a magnel positioned to atiracl and hold a portion of & head arm in & disk
drive assembly. The magnel mounted by rositient means is used to dampen any impadt, o
prevent the head arm from bouncing away and lo mainlain contact when the disk drive
housing receives an exiernal shock.

In the european palent application £P 560,167 A1, an aclive: magnelic lalch for
disk drive and method are disclosed. The wention enables to pertain shock protection of disk
drives and more particularly to lock a disk drive aciuator in a parking position so fhal the
acluator Is immovable when subjected to relatively high shock loadings.

In WO 88/08552, a laich mechanism for locking an aclualor arm in & disk drives
is disclosed. The latch mechanism includes a lalch that is pivotably supported in the disk drive
for engaging the actualor arm and an electromagnet for capluring and holding the lalch to
disengage the lalch from the aclualor arm, The invention also uses an clectromagnet to
caplure the laich to disengage the latch from the aclualer arm regardiess of the dircelion in
which the force of gravily acts upon the latch mechanism.

In a publication referred as IBM 7.00.1. vol 36, n°3, of March 181 1943, papges
7-9, a Bistable, Zero Steady-Stete Power, Rotary-Actuator { ock for DASD is disclosed. This
documeni relales more parlicularly to a dual laich apparalus for restraining s disk drive
actualor wherein a firs! latch assembly is provided by the actualor hook and 2 second latch
assombly is provided by the bistable magnel.

. A typleal ineriial laiching assembly is designed o passively laich &n acluator
in & parked orientation until exiernal rotational shock forces impinging the DASD arc
dissipated. Known inertial latches are typically mounted for rotation about & pivol axis in

RA 8 84 071 {New page - 28 January 1987} PC1/E P 86/01648



a p-ortion of the actuator armis in contact with the | oad/ unload ranp when

t he actuator is restrained in either one of the first and second
engaged orientations. 2a
17 a back portion proximate the pernmanent magnet

structure, t hnroxim'k to the actuaton end idludtes weighlod ebryion awl kodk portien. fin resporst deaand

Fhe i st i duiesmsimosogiopflehidk3ed Abieb a1ohet sk Whupgotihehiand on
a second restlamhnypfrgll)prmtemdiwhih'esaivdﬁ axjsosnglcbngag asheereseidnpn bbokiod ethocapbimigpgi ng

I:IQSi ce for @&ﬁgﬂ %@ﬁ@@gﬁﬁ‘?ﬁ"&%ﬁ“ A btajs%g mccgh"%"f‘@{@%ﬁfeaﬁpl 5yl 16 i

a data stor aglﬁe Ghestial latch to its originel, non&ngaycﬂcblnentatﬁhmﬂcnmurwcmat shoth dordvaust ng
and adapt ed fé%éslpra%d.at i ng the data storage di sk;

Inerfial laiching moechanism are gonerally oﬂeclive'énly al relatively high levels
of externally induced aclualor acceleration. Elevaled levels of actuator accoloration must
generally be present in order {0 overcome the force produced by the biasing mechanism
required 1o mainiain the inerial ladching mochanism in iis non-cnganed orientation. | ow 1o
moderato Jevels of induced actuator accoloralions are therefore nol gencrally addressed when
doesighing & conventional inerial latching mechanism.

in contrast, magnelic or elcctromagnetic lalching mechanisms are generally
effective only at rolatively low levels of externally induced actuator rotational accoleration. in
accordance with & conventional magnelic-type latching device, a magnetic coupling foree of
fimited range ls generally produced betwecen the latching dovico and the actuator 1o restrain
tho actuaior In an engaged of laiched odentation. it is gencrally considered impraclical to
employ a magnelic-lype laiching device to counteract relatively high lovels of externally
induced actuator rotational accelaralion. The inlensily of the niagnolic coupling force required
to satisfaciorily rostrain a rolatable actualor in the presence of such high acceleration levols
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an actuator rotatably nmounted to the housing; a transducer
head nounted to the actuator; and a dual | atch apparatus
conpri si ng: a first I gtch assenbly, conprising:

a l'atch body rotatably nounted to the housing;

a restraining nenber, CEHﬁg%nl 8f fribearl BlchiRg AReEdanishRIwithRthe sdniaBbcnvironment t he
actuator in a first _engaged orientation in res&oonse to an external shock

force b pIsmadl leren faelar PARK Isagnerallyonsiderod problomatic for a varicly of reasongifs
means, couple iRl hai m@y . LA ' didloBduRgs idmber
ina first no(é?%ﬁgg&}gd;hg}lﬁgat a iecl)kr:]f;@mé ﬁ?@és@%ﬁ@%?ﬁ%ﬁ gc?dtygfﬂ%;‘m "Pthe
absence amgpnt:of spask twithin he compadt DASP deusing More significantly, a conventional incgial
second | atch i laSh&Fanism i wtive withi i .
%?ﬁ%?fgﬂu%f-&hygﬁﬁémﬂdg%&ﬁgnﬂw is generally cffective within a refatively naﬁ‘t:\gﬁﬁw@?fm

assenbl y nount ed ousi ng; ) . .
act uat or st op e¥ameliciaduged priurter Boseleration levels dbuserdsring the actuatprapd ethctemniijve

I nteracting Weldndafs BRORBEASRSRHRRbLY 1 Sctfifehisl :v@lstot!‘ﬁwdﬁ’&ﬁ%&d?éraﬂog Xﬂsﬁﬁﬂﬁﬂd

engaged orientation in response to the external shock force.
appar at us as piea¢riped rangecTheserandothernbararteristive okirioo At seliaioh lakobive msichrfsnst her

conprises a I o6 nkoy] di A "
i stance. Qe FRRRRbnbAR BRI SRR N LM AbF AR BRF et o
when t he act upertablei BASDs. restrained in the second engaged orientation.

There exists within the DASD manufacturing community a noed o provide
affective protection against unresirained actuator movement In the presence of a broad range
of externally induced accelsration levels In order o minimire polential damage lo the sensitive
intemal components of standard and minigturizod DASDs. There exists a further desire {o
incorporale the advantageoixé atiribuios of incrlial and magnalic-lypo {alching mechanisms
within the compac! packaging configurations of small and very small form lacter DASDs. The
present invention fuifills these and othor needs.

SUMMARY OF THE INVENTION

The present invention is a dual acluator lalch apparalus disposed in a direel
access slorage device for resiraining a rolatably mounied aclualor in a parked orientation in
the presenca of relalively low, modorale, and high lovels of externally induced aclualor
acceleration, An Inerlial lalch assembly in preforably employed lo provent unresirained
actuator rotation from the parked orientation thal would otherwise resull from elevated lovels
of externally induced actualor acceleralion. A scparalc magnelic lalech assembly, o,
alternatively, an slactromagnalic laich assembly, is employed in tandom with the incrtial laich
assembly lo prevent unrestrained acluator rolation and movemont from the parked oriontalion
in the presence of relatively low and moderale levols of externally induced acluator
acceleralion. The novel dual aclualor latch apparalus is amenable for installalion in standard
form {actor DASDs, and is particularly well-sulted for ingorporation in small and very small form

factor DASDs, -
The diflerent features of the dual acluator latch apparatus according 10 the

present invention are set in claim 1.
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18 - 15. An apparatus as clainmed in Caim213, further conprising a

per rfanent nagnet structure for magnetically interacting cooperatively
with-a coil assenbly di sposed on the actuagor as a voice coil notor,
wherein the magnet assenbly of the second | atch assenbly conpri ses

t he per manent magnet structure. 16. GhAMMS ect access storage device for

storing data conpri sing: a housi ng; a data
st orage di sk; a spindle notor nounted to the housing and

adapt ed for rotatiAdudlechdgiparalus adapledsfooreagainiog i actuator (30) rolatably meunled 1?] g
ea

actuator rotatably t ousi ng; . a transducer
mounted to the act%g&gﬁ,& ?%A(?Pa bﬁgD% prévent ““‘9?0%‘1?&|°°?’a?‘m“’%?65§%ﬁ°§9%' and &
conpri si ng: data storage disk (24) disposbd within tha holsirgshe aid! Jatchepp@stus todprising
a first latch body ﬁﬁéﬁ%??é% nt ed bﬁyq t he housi ng;
a first restraini iy , E%Iaéﬁenf ‘the first latch body, for
restraining the acaldaiuelialchagpaius sharaciegagasthari entation in response to an
ext ernal shock far, i ed e housi ng; and
bi as means, coupl ed tog%‘ﬁﬁfsfﬁ%HSSBBVEJ@,(&%P“’H?S&& ng the first
restraining menber in afifsi latsh beon e @RADY Mountiet1athclbuding Bnd &spRE to & drst he
actuator in the , . al?ance of th% ext ernal ,shqck force; an?
inerlial reslraining member (64) for restraining the acluator in a first engaged
orieniation in response to an exierna! shock foree applied to the housing; and
bias means (70}, coupled lo the latch body (68), for biasing the firsi restraining
member in a firsi non-engaged orientafion with respoct 10 the actuator in the absence
of the external shock foree; and
said second falch assembly (72), comprises:
a sscond latch body {34) rofatably mounied Lo the housing and to a magnat
assembly (76, 78) said second latch body coupled to a sceond restraining member (74)
for continuously restraining the actuator (30) in a sccond engaged orientation; and
coil means (36} for providing a magnetic biasing force 1o urge the second
restraining member botween the second engaged oricniation and a sccond non-
engaged orientation wilh respect to the aciualor.

2. An apparaius as claimed in Claim 1, wherein;
the second latch assembly (72} further comprises an engagemont boss (96}

gnd a reloase boss (98) disposed in the housing;

the coil means (36) magnelically interacts with the engagement boss and the
release boss the respeclively urge tho socond resiraining member bolween tho second
sngaged orientation and {he sccond non-engaged orientation.

3, An apparatus as vlaimed in Claim 1, wherein the first roslraining member (64) includes
a curved engagemeni surface for providing slidable engagement between the first
restraining member and the actuator prior 1o coupling betweon the first resiraining
memboer and the aciuator.

4. An apparalus as claimed in Claim 1, wherein:

RO 9 84 071 { New set - 27 January 1997) - PC1/EP 96/01846
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a second | atch assenbly, conpri sing: a second
| at ch body rotatably nounted to the housing; a
magnet assenbly nounted to the second | atgly body;

a second restraining nenber, coupled to the second | atch body, for

restraining the actuat of pérafent REGtsEBLIANGE) (9 BisSurbain (RO haBdRE for magnetically

coil neans for providing a magneti ¢ biasing force to yrge, the second
restraini ng nenber‘nﬁféﬁc\’/!g%ﬁmpw Moly with dhocol Jans (6] &R Mol SdPra second

non- engaged ori entati onhyhdibuiéresmpides:t © the act dator. 17. An appar at us
as clainmed in daim 16, wherein: t he second | atch assenbly

further conprises an erfdghiaonamyg8ixisndingover al east p ppetiais of hpdada strwpodisll i n
9

t he housi ng; and 1
the coil neans magneticalalég interacts with the engagenent boss and the
rel ease boss t hed §28K patien praxipatgribpermancnd swanclstuetiran.ihe backenoion

between t-he secontragpectivoly Including a first sido and a second sido;
a first restraining protrusion (80) Is disposed on the first side for engaging the

firet restraining member (64}; and
a second resiraining proirusion (84) is disposed on the second side for

engaging the second resiraining member (86).

5. A dual lateh apparalus according lo anyone of the provious claims 1o be used in a
dirgct access slorage dovice for sloring data comprising:
a housing (21);
a data slorage disk {24);
a spindle motor {28) mounled {0 the housing and adapled for rotating the dala

storage disk:
an actualer {30} rolatably mounted 10 the housing; and
a lransducer head (25} mounted lo {he actualor.

8. An apparalus as claimed in Claim 1 or b, wherein the coll means {36) is disposed on
the sscond laich body (34).

7. An apparatus as claimed in Claim 1 or 5, wherein the coill means (36) is disposcd on
the housing in proximily with the magnol assembly (76, 78) mounied 1o the sccond

laich body.

8. An apparalus as claimed in Claim 5, wherein the cxlernal dimensions of the housing
substantially conform 1o housing dimensions proscribed by a PGMCIA device housing

spacification.

9. An apparaius as claimed in Claim 1 or 5 wheroin:
the dala storage disk (24) comprises oither onc of an inner diameter landing
zong and an puler diameler landing zone, and the actualor includes an actuator am

RO 8 84 071 ( New sel - 27 January 1897} - PCT/EP 96/01848
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engaged orientation and the second non-engaged orientati on. 18. An
appdaratus as clained in Caim9 or 16, wherein the coil neans is disposed
on the second | atch body. 19. Af apparatus as clainmed in Claim?9
or "16, wherein the cojl .neans is disposed on the housing in

proxi mty with the{38hgrendngovenabiepsimnpsrivad! tho dataciaegeafisk; krat ch body.  20.
An apparatus as cl ai ned, L[ i kel i iLons. of, the
housi ng subst an'?al %‘{P‘Pg o@%‘?ﬂfﬂ é?ar%r}[@grﬁ #gt’%faﬁm”ga 8 %ﬁ‘i‘?@lﬁ%’d‘;& ?g’g@% f@é’dﬂ ’ 'gy a
PCMCI A devi ce housbwie diameler larsing oras odien tve. acluaRi js reslyained frpsithart ers: ddheclirsti med

in daim9, 13 or b ar nriantall t he data storage disk

conpri ses either o%@s&w%%%ﬁgr‘”‘%n‘%‘ﬁ%%er | endi ng zone and an outer
di aneter | anding zone, and the actuator includes an actuator arm

extendi ng ove,at |east port.i on, .0 he dat t orage di sk; and

a portion of me aé'f Musﬁsré%’godr'%bmfﬂé’dwﬁf}%% mate either one of the

i nner and out er edloadimisad fampdid0p isz dispssetierhe Meushel pokidald Sn ouler
restrained in either, 0 ' Q

ne e firs -and second engaged
ori entations. 2zpenph%ofjé%éﬁ?%g&rgg%@sl&q?é) ‘??gdﬁ‘? ?Fl‘@?%{i"ﬁf"g?s %39‘“6‘1‘3“1'6‘,““ (78)
wher ei n: . extending ove? atlotdd e Qodion 8MAe tifla dioRdae RN, 4l t he housi ng
proxi mate an outer peri

pher t he data storage disk, and fhe
actuat or includes an a@tpt‘}g‘f%PP tg? AteAlYr &R 157G CORIAT Wé*ﬁ ﬂ}vggg(gun?oad ramp whe the

actuator is restrained in eithor one of the first and sccond engaged oticnlalions.

MR
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a porfion of the data storage disk; and a portion of theeg copy ~

actuator armis in contact w td4hedigediunl oad ranp when the
actuator is restrained in either one of the first and second engaged
orientations. _ . g
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(54) Tfle: DUAL LATCH APPARATUS FOR RESTRAINING A DIRECT ACCESS STORAGE DEVICE ACTUATO}/,

(57) Abstract

A dual actmator latch apparatus disposed in a direct access storage
device for restraining a rotatably mounted actuator in a parked orientation
in the presence of relatively low, moderate, and high levels of externally
induced actuator acceleration is disclosed. An inertial latch assembly
iz preferably employed to prevent unrestrained actuator rotation from
the parked orfentation that would otherwise result from elevated levels
of extemnally induced actuator acceleration. A separate magnetic latch
assembly, or, altcmatively, an electromagnetic latch assembly, is employed
in tandem with the inertial latch assembly to prevent unrestrained actuator
rotation and movement from the parked orientation in (he presence
of relatively low and moderate levels of externally induced actuator
acceleration, The novel dual actuator Jatch apparatus is amenable for
installation in standard form factor DASDs, and is particularly well-suited
for incorporation in small and very small form factor DASDs.




