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H GH PERFORVANCE DI SK DRI VE LIM T STOP EMPLOYI NG ENCAPSULATED ,
VI ' SCO- ELASTI C BACKGROUND OF THE INVENTION 1. Field
of the Invention This invention relates in general to disk drives,
and in particular tolimt stops in the disk drives whose function is to
limt the extent of actuator radial notion to define the usable radius of
the di sk surface and to protect the suspension and slider from damge due
to contact with the disk stack hub at the inner dianeter of the disk or
due to running off the disk surface at the outer dianmeter of the disk.
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HIGH PERFORMANCE DISK DRIVE LIMIT STOP
EMPLOYING ENCAPSULATED VISCO-ELASTIC

BACKGROUND OF THE INVENTION --

1. Field of the Invention

This invention relates in geheral to disk drives, and in
particular to limit stops in the disk drives whose function is to
limit the extent of actuator radial motion to define the usable
radius of the disk surface and to protect the suspension and
slider from damage due to contact with the disk stack hub at the
inner diameter of the disk or due to running off the disk surface

at the outer diameter of the disk.

2. Description of Related Art

Moving magnetic storage devices, especially magnetic disk
drives, are the memory devices of choice. This is due to their
expanded ncon-volatile memory storage capability combined with a
relatively low cost.

Magnetic disk drives are information storage devices which
utilize at least one rotatable magnetic media disk having
concentric data tracks defined for storing data, a magnetic
recording head or transducer for reading data from and/or writing
data to the various data tracks, a slider for supporting the
transducer in proximity to the data tracks typically in a flying

mode above the storage media, a suspension assembly for



2. Description of Related Art Movi ng magneti c storage devices,
especially magnetic disk drives, are the nenory devices of choice. This is
due to their expanded non-volatile nenory storage capability conbined with
a relatively | ow cost. Magnetic disk drives are information storage
devices which wutilize at |east one rotatable magnetic nedia di sk having
concentric data tracks defined for storing data, a magnetic recordi ng head
or transducer for reading data fromand/or witing data to the various
data tracks, a slider for supporting the transducer in proximty to the
data tracks typically in a flying node %bove the storage nedia, a
suspensi on assenbly for

resiliently supporting the slider and the transducer over the
data tracks, and a positioning actuator coupled to the
transducer/slider/suspension combination‘for moving the
transducer across the media to the desired data track and
maintaining the transducer over the data track center line during
a read or a write operation. The transducer is attached to or is
formed integrally with the slider which supports the transducer
above the data surface of the storage disk by a cushion of air,
referred to as an air-bearing, generated by the rotating disk.
Alternatively, the transducer may operate in contact with
the surface of the disk. Thus the suspension provides desired
slider loading and dimensional stability between the slider and
an actuator arm which couples the transducer/slider/suspension
assembly to the actuator. The actuator positions the transducer
over the correct track according to the data desired on a read
operation or to the correct track for placement of the data
during a write operation. The actuator is controlled to position
the transducer over the desired data track by shifting the
combination assembly across the surface of the disk in a
direction generally transverse to the data tracks. The actuator
may include a single arm extending from a pivot point, or
alternatively a plurality of arms arranged in a comb-like fashion

extending from a pivot point. A rotary voice coil motor (vcm) is



2 resiliently supporting the slider and the transducer over the data
tracks, and a positioning actuator coupled to the

transducer/ sl i der/suspensi on conbination for noving the transducer acr
the nedia to the desired data track and nuaintaining the transducer over
the data track center line during a read or a wite operation. The

t ransducer

Is attached to or is forned integrally with the slider whic

supports the transducer above the data surface of the storage disk by
cushion of air, referred to as an air-bearing, generated by the rotati

di sk.

Al ternatively, the transducer nmay operate in contact with

surface of the disk. Thus the suspension hﬁovides desired slider |oadi

A Tenst onale ShAR LhUhDELUENE, L) A5k 20acdh ELUAL And /D WBLLD

coupl es the transducer/sli dér

suspensi on asse e actuator.

0SS

h
a
ng
t he
ng

actuat or positséwenenthert tiensduceior aver tedesksect track according to the
data desired on a read

The vcm located at the rear portion of the actuator arm is
comprised of a top plate spaced above a bottom plate with a
magnet or pair of magnets therebetween. The vcom further includes
an electrically conductive coil disposed within the rearward
extension of the actuator arm and between the top and bottom
plates, while overlying the magnet in a plane parallel to the
magnet. In operation, current passes through the coil and
interacts with the magnetic field of the magnet soc as to rotate
the actuator arm around its pivot and thus positioning the
transducer as desired.

The ma@neéic media disk or disks in the disk drive are
mounted to a spindle. The spindle is attached to a spindle motor
which rotates the spindle and the disks to provide read/write
access to the various portions on the concentric tracks on the
disks.

The actuator in the disk drive must be capable of a
sufficient range of motion so that the transducer/slider
combination attached to the suspension can access the maximum
usable area of the disk surface to provide the most efficient use
of the magnetic storage media and thus achieve the high data
density desirable in data storage devices. Circumferential data

tracks on the disk are written in a band extending radially from



operation or to the correct track for placement of the data during a wite
operation. The actuator is controlled to position the transducer over the
desired data track by shifting the conbination assenbly across the surface
of the disk in a direction generally transverse to the data tracks. The
actuator may include a single armextending froma pivot point, or
alternatively a plurality of arns arranged in a conb-Ilike fashion

extending froma pivot point. Arotary voice coil nmotor (vcm is

3 attached to the rear portion of the actuator armor arns to power
novenent of the actuator over the disks. 4

as far to the outer diameter of the disk (OD) as allowed by the
necessity of keeping the entire slider over the disk and as far
to the inner diameter of the disk (ID) as allowed without the
slider or the suspension contacting the spindle on which the disk
is mounted.

When the disk drive is not in operation, the disks are not
rotating so that the air-bearing that supports the slider during
operation is no longer provided. In the stopped condition, the
slider rests in contact with the disk surface. When the drive is
started, the slider stays in sliding contact with the disk
surface until the disk achieves sufficiently high radial velocity
to provide the air bearing that supports the slider in the
operating condition. When the disk drive is shut down, the
actuator locates the slider at the start/stop zone and then the
spindle motor is turned off causing the disk or disks to stop
rotating, resulting in the slider or sliders contacting the disk
when the air-bearings can no longer support their load. The
surface of the disks in the start/stop zone are usually specially
textured to provide a low sticking and high durability interface,
resulting in easy starting and low wear.

In the present art, a common practice reserves a radial band
approximately the width of the slider at the ID of the available
disk area for use as a start/stop zone. In normal operation, the

actuator positions the transducer/slider/suspension combination



The vcm | ocated at the rear portion of the actuator armis conprised of a
top pl ate spaced above a bottomplate with a magnet or pair of magnets

t her ebetween. The vcm further includes an electrically conductive coi

di sposed within the rearward extension of the actuator arm and between the
top and bottom plates, while overlying the magnet in a plane parallel to
the nagnet. In operation, current passes through the coil and interacts
with the magnetic field of the magnet so as to rotate the actuator arm
around its pivot and thus positioning the transducer as desired. The
magnetic nedia disk or disks in the disk drive are nmounted to a spindle.
The spindle is attached to a spindle notor which rotates the spindle and
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of the disk surface to provide the nost efficient use
the actuator positioning arm where the suspension or suspensions
are mounted. These limit stops are located near the rearward
extensions of the actuator arm. The ID limit stop limits
actuator radial motion to define the innermost radius of the disk
surface that can be accessed by the slider without danger of
contact with the disk spindle. The OD limit stop limits actuator
radial motion to define the outermost usable radius of the-disk
surface that can be accessed by the slider without danger of the
slider running off the flat surface at the OD edge of the disk.
The inner and outer radial limits of the slider/suspension
combination with respect to the disk surface are required for
safely restricting the radial position in case of drive
electronics failure and to establish reference radii on the disk
to provide information for recovery from a failure.

Because of the high density of data storage on the disks in

a file and to maximize the disk area available for user data, it
is important to minimize the radial distance over the disk
required to decelerate and stop the sliders during impact of the
actuator with the limit stops. Equally important, the vibration

of the slider/suspension combination induced by rapid

deceleration of the actuator assembly on impact with the limit



of the magnetic storage nedia and thus achieve the high data density
desirable in data storage devices. Circunferential data tracks on the disk
are witten in a band extending radially from

4 as far to the outer dianeter of the disk (OD) as allowed by the
necessity of keeping the entire slider over the disk and as far to the
I nner dianeter of the disk (ID) as allowed without the slider or the
suspensi on contacting the spindle on which the disk is nounted.

When the disk drive is not in operation, the disks are not rotating so
that the air-bearing that supports the s§ider during -

stops must be minimized to prevent damage to the slider or the
disk caused by intermittent contacts. In the prior art, these
requirements for effective limit stop design have been addressed
and will be described briefly.

One example of a limit stop is described in US Patent No.
4,949,206 issued to Phillips et al. This patent describes a
limit stop comprised of a pin fabricated from spring material
such as steel with a central generally cylindrical section formed
of elastomeric material such as rubber or urethane that encircles
the steel section. Another example of a limit stop is described
in US Patent No. 5,523,912 issued to Koriyama. This patent
describes a limit stop design in which shaped holes or recesses
in the rearward extensions of the actuator arm are filled with
elastomer material. Another example of a limit stop is described
in US Patent No. 4,716,482 issued to Walsh. This patent
describes a limit stop which includes a stainless steel rod or
pin which is insert molded into a jacket made from plastic or
thermoplastic elastomer material. This thermoplastic jacket is
provided with journals at its ends such that the axis of the
steel rod is eccentric with respect to the common axis of these
journals.

Many other approaches to limit stop design exist in the
prior art, all of which are directed to 1) keeping crash impact

deflections as small as possible to maximize the disk area



operation is no longer provided. In the stopped condition, the slider
rests i'n contact with the disk surface. Wien the drive is started, the
slider stays in sliding contact with the disk surface until the disk
achieves sufficiently high radial velocity to provide the air bearing that
supports the slider in the operating condition. Wen the disk drive is
shut down, the actuator |ocates the slider at the start/stop zone and then
the spindle notor is turned off causing the disk or disks to stop
rotating, resulting in the slider or sliders contacting the disk when the
ai r-bearings can no | onger support their load. The surface of the disks in
the start/stop zone are usually specially textured to provide a | ow
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contacts. A common approach is to completely form the limit
stops of soft elastic or elastomeric materials to dissipate
impact energy efficiently while limiting the impact deflections.

The limit stops and materials used therein described in the
prior art have several disadvantages which severely constrain
their utility in practice. Elastomer or visco-elastic material
parts generally have poor dimensional control and geometric
precision requiring large tolerances which wastes valuable disk
space. Dimensional stability of parts formed from these
materials change with time, temperature and loading. Limit stops
formed of these materials tend to adhere to the actuator when
loaded against it for long periods {sticky limit stops). The
materials generally have high outgassing characteristics leading
to contamination of the file components which can result in
serious corrosion or stiction problems.

It therefore can be seen that there is a need for a limit
stop that can be fabricated within well-defined mechanical
tolerances, minimizes impact deflections, limits impact
deceleration levels, has good dimensional stability with time,

temperature and loading, and has low outgassing characteristics.



5 radially with respect to the disk as descri bed above. The inner and
outer radial limts of the slider/suspension conbination are established
by nechanical limt stops which constrain notion of the actuator
positioning arm where the suspension or suspensions are nmounted. These
limt stops are |located near the rearward extensions of the actuator arm
The IDIimt stop limts actuator radial notion to define the innernost
radius of the disk surface that can be accessed by the slider wthout
danger of contact with the disk spindle. The D limt stop |imts actuator
radial notion to define the outernost usable radius of the disk surface
that can be accessed by the slider wthout danger of the slider running
off the flat surface at the ODsesigervfort BE diNIENTION

To overcome the limitations of the background art described
above, and to overcome other limitations that will become
apparent upon reading and understanding the present
specificatibn, the present invention discloses an improved limit
stop and method of fabrication of the limit stop for use in disk
drives. It is one object of the invention to provide an improved
limit stop that has the property of very good energy dissipation,
thereby resulting in low deceleration levels with small
displacements during impact. It is a further object of the
invention to provide a limit stop configuration with high
dimensional control and stability. It is still a further object
of the present invention to provide a limit stop formed from a
material that will not contaminate the disk drive interior.

In accordance with these obijects, the present invention is a
limit stop for magnetic storage systems comprising a combination
of visco-elastic material inner core and a thin walled outer
shell enclosing the visco-elastic material. The thin walled
outer shell is formed of a plastic material, and is hermetically
sealed to isolate the inner core material and eliminate the
possibility of contamination to the disk drive interior. The
visco-elastic inner core has the property of very good energy
dissipation, while the outer shell provides high dimensional

control and stability.
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The inner and outer radial limts of the slider/suspension conbination
wth respect to the disk surface are required for safely restricting the
radial position in case of drive electronics failure and to establish
reference radii on the disk to provide information for recovery froma
failure. Because of the high density of data storage on the disks in
a file and to maxim ze the disk area avail able for user data, it 1is

i mportant to minimze the radial distance over the disk required to

decel erate and stop the sliders during inpact of the actuator with the
limt stops. Equally inportant, the vibrat¢on of the slider/suspension

conbi nation induced by rapid deceleration of the actuator assenbly on
i npact with the |i¥ita preferred embodiment the limit stop is a generally

cylindrical rod or pin which is comprised of a central coaxial
cylinder of visco-elastic material which is encapsulateé'by a
thin layer of plastic. In this embodiment, the cylindrical rod
or pin is insertably retained between the top and bottom of the
file housing.

In one embodiment, the limit stops of the present invention
are fabricated by use of a molding process, whereby the innerx
core and the outer shell are formed sequentially about a carrier
strip.

The 1limit stops of the present invention alternatively are
fabricated by inserting a generally cylindrical supporting pin
formed of metal or hard plastic in the center and coaxial with a
generally cylindrical mold in which a visco-elastic material is
injected. A hollow 2-piece thermoplastic shell is fitted over
the short visco-elastic cylinder on the supporting pin. The two
pieces of the hollow plastic shell are then bonded together to
form a hermetic seal encapsulating the visco-elastic material.

In normal operation, the actuator is controlled to move the
suspension/head assembly in a generally radial direction over the
disk surface to the desired track location on the disk. 1In a
number of normal operations such as startup and shutdown, the
actuator is driven to the full ID and/or OD limits. The

advantage of the present invention over the prior art is that the

This Sheet Has Been Replaced

A

Eﬂs SHEET HAS BEEN
REPLAGED




6 stops nust be mnimzed to prevent damage to the slider or the disk
caused by intermttent contacts. In the prior art, these requirenents for
effective limt stop design have been addressed and will be described
briefly. One exanple of a limt stop is described in US Patent No.
4,949,206 issued to Phillips et al. This patent describes a |limt stop
conprised of a pin fabricated fromspring material such as steel with a
central generally cylindrical section forned of elastoneric material such
as rubber or urethane that encircles the steel section. Another exanple of
alimt stopis described in US Patent Mo. 5,523,912 issued to Koriyana.
This patent  describes a limt stop desi n whi ch shaped haql es or
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Pat ent No. 4,716,482 issued to Wal sh. This patent describes alimt stop
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der and disk damage. In these events, the high energy

dissipation qualities of the visco-elastic limit stop material of
this invention reduces the possibility of impact damage due to
excessive decelerations of the suspension/slider combination.

Unlike the visco-elastic material limit stops found in the
prior art, the critical dimensions of the limit stops of this
invention can be manufactured to tight tolerances due to the
encapsulating outer shell of plastic. The ability to maintain
the critical dimensions within tight tolerances for long times
under high loads and at elevated temperatures is greatly

increased by encapsulation with a hard plastic shell.
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t hernopl astic el astonmer material. This thernoplastic jacket is provided
with journals at its ends such that the axis of the steel rod is eccentric
with respect to the conmon axis of these journals. Many ot her
approaches to |limt stop design exist in the prior art, all of which are

directed to 1) keeping crash inpact defl ections as small as possible to
maxi m ze the disk area 7

avai l abl e for data storage and 2) keeping crash inpact deceleration |evels
as | ow as possible to provide the highest possible margin for slider
and/ or di sk danage fromintermttent 11

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of the disk drive of the present
invention generally illustrating the relative placement of the
disks, actuator and limit stops of the present invention;

Fig. 22 is a plan view of the actuator and limit stops
relative to the disk illustrating the important ID and OD
constraints of crash deflection;

Fig. 2B is a section view A-A of the disk stack illustrating
the spacer ring geometry;

Figs. 33, 3B and 3C are a perspective view, a side sectional
view and a mid-section view B-B of the limit stop of the present
invention;

Fig. 4A is a plan view of the mold process carrier strip to
form visco-elastic cores for the limit stop;

Fig. 4B is a plan view of the mold process carrier strip to
form the plastic limit stops encapsulating the visco-elastic
cores;

Figs. 5A and 5B illustrate a second embodiment of the
fabrication process;

Figs. 6A and 6B illustrate a plan and sectional view
respectively of a second embodiment of the limit stop of the

present invention; and



contacts. A common approach is to conpletely formthe limt stops of soft
el'astic or elastonmeric materials to dissipate inpact energy efficiently
while limting the inpact deflections. The limt stops and materials
used therein described in the prior art have several disadvantages which
severely constrain their utility in practice. Elastonmer or visco-elastic
material parts generally have poor dinensional control and geonetric
precision requiring |arge tol erances whi ch wastes val uabl e di sk space.

D nensional stability of parts formed fromthese materials change with
time, tenperature and loading. Limt stops formed of these materials-tend
to adhere to the actuator when |oaded against it for |l ong periods (sticky
linit stops). Theigsvat’érped sTBydAératTatenhape HicgRabityRLereFthatatferi stics
| eading to.confam nation of the file c onent i Lt.in

seri oug cor ré8HEn° P SFi EPT c?rfe;?FSEI% e.nQ.f{Bn as Ipt%rpﬂ%tfgpgfgb%ga%ggébggén t hat
there is a need for alimt stop that can be fabricated within

wel | - defi ned nechani cal tolerances, mnimzes inpact deflections, limts

i npact deceleration |levels, has good dinensional stability with tine,



tenperature and | oadi ng, and has | ow outgassing characteristics.
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SUMVARY OF THE | NVENTI ON I n accordance with an aspect of the
present invention, there is provided a limt stop for magnetic storage
systens conprising a conbination of visco-elastic materi al i nner core and
a thin wall ed outer shell enclosing the visco-elastic material. The thin
wal | ed outer shell is fornmed of a plastic material, and is preferably
hernetically sealed to - isolate the innerttore nmaterial and elimnate the

possibility of contam nation to the disk drive interior. The
vi sco-elastic inner core has the property of very good energy

di ssi pation, while tth &b ng&%&r&%mgtgs?ﬁg %?EQE%S MeRRpt rol and

stability. In a p eferre Imt stop Is a generally
cylindrical rod orrpis iwkestids ieoapsesatbdiinaa genrifeated eavbalmeraylinndre of
visco-el astic fré?.‘g.gvunal d wh Cht o enggpsufl aJ‘:'te%gebé/o the Figures, in which
g description wi refe g . ic

like numbers represent the same or similar elements. While this

invention is described in teﬁms of the best mode for achieving

this invention's objectives, it will be appreciated by those

skilled in the art that variations may be accomplished in view of

these teachings without deviating from the spirit or scope of the

invention.

Fig. 1 shows a disk drive system designated by the general
reference number 10. The 1id 12 of the disk drive 10 is shown
exploded and in phantom. In operation, the lid would be disposed
atop of the housing 30.

The disk drive 10 comprises one or more magnetic disks 14.
The disks 14 may be conventional particulate or thin film
recording disks, which are capable of storing digital data in
concentric tracks. In a preferred embodiment, both sides of the
disks 14 are avajilable for storage, and it will be recognized by
one of ordinary skill in the art that the disk drive 10 may
include any number of such disks 14.

The disks 14 are mounted to a spindle 32. The spindle 32 is

attached to a spindle motor which rotates the spindle 32 and the



thin layer of plastic. |In this enbodinent, the cylindrical rod or pinis
i nsert'ably retained between the top and bottomof the file housing.

In one enbodinent, the Iimt stops of the present invention are fabricated
by use of a nol ding process, whereby the inner core and the outer
shel |l -are fornmed sequentially about a carrier strip. The limt
stops of the present invention alternatively are fabricated by inserting a
generally cylindrical supporting pin formed of nmetal or hard plastic in
the center and coaxial with a generally cylindrical nmold in which a
visco-elastic material is injected. A hdl | ow 2- pi ece thernopl astic shell
is fitted over the short visco-elastic cylinder on the supporting pin.

The two pi e€é§ksf14 He BEPY &9 rﬁlaéé‘t”rlctesﬁéﬁssarté ErRIVaFéAdR PArdeRhedt t o

forma hernethc seal . t:enca sulgtln the stco elastic materi al . In
normal oper at” SnCORFRFEUET TS SNt 3P 8d %0 nove the  suspensi on/ head
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desired track I ocation on the di nunmb of nornmal operations

such as st artigpeadtos it damcatlddeby the dashed lines in Fig. 1. The
actuator assembly 16 includes a positioner arm 22, and a
suspension assembly 24. The suspension assembly 24 includes a
slider/transducer assembly 26 at its distal end. Although only
one slider/transducer assembly 26 of the suspension assembly 24
is shown, it will be recognized that the disk drive 10 has one
slider/transducer assembly 26 for each side of each disk 14
included in the drive 10. The positioner arm 22 further
comprises a pivot 38 around which the positioner arm 22 pivots.

The disk drive 10 further includes a read/write chip 34. Aas
is well known in the art, the read/write chip 34 cooperates with
the read/write transducer on the slider assembly 26 to read or
write to the disks 14. A flexible printed circuit member 36
carries digital signals between the c¢hip 34 and a connector pin
assembly 18 which interfaces with the external signal processing
electronics. One or more electrical conductors 31 are routed
along the pivot arm 22 and suspension 24 to carry electrical
signals to and from the read/write transducer on the slider 26.
The main function of the actuator assembly 16 is to move the

positioner or actuator arm 22 around the pivot 38. Part of the



actuator is driven to the full. ID and/or OD limts. An advant age of
enbodi‘nents of the present invention over the prior art is that the
REPLACEMENT SHEET
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limt stops due to these operations result in smaller displacenents due to
limt stop conpression while still resulting in acceptable deceleration

values to protect the file fromslider and di sk damage. In these events,
the high energy dissipation qualities of the visco-elastic limt stop
material of this invention reduces the pé%sibility of inpact danage due to

excessi ve decqj rations_ of .t he_suspensi on/slider | nat.i Unli ke
t he visco-elé%f%ggﬁﬁt%rﬁiﬂbl i%?f“%?%ﬁsv?ﬁﬁhﬁofﬁ!vﬁggbggﬁlrggﬁf? t he
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be manufactured to tight tol erances due to the
plate (not shown to expose the rest of the actuator assembly) in
combination with the actuator coil 46. Current passing through
the coil 46 interacts with the magnetic field of the magnet 42 to
rotate the positioner arm 22 and suspension assembly 24 around
the pivot 38, thus positioning the read/write transducer assembly
on the slider 26 as desired. Motion of the actuator arm over the
surface of the disk is shown by arrow 15. Also shown is a
latching mechanism 44, known in the art, which serves tc secure
the position of the actuator positioner arm 22 when the disk
drive system 10 is not in operatiocn.

Limit gtops 50,52, in accordance with the present invention,
are located as shown in Fig. 1. The ID limit stop 50 is
positioned to limit motion of the rearward extension of the
actuator positioning arm 56 thus limiting the innermost radial
position of the sliders 26 relative to the disk surface 28. The
OD limit stop 52 is positioned to limit motion of the rearward
extension of the actuator positioning arm 58 thus limiting the
outermost radial position of the sliders 26 relative to the disk
surface 28. The general positioning of the ID limit stop 50 and

the OD limit stop 52 illustrated in Fig. 1 is known and practiced

in the art.



encapsul ating outer shell of plastic. The ability to maintain the critical
dimensions within tight tolerances for long tines wunder high | oads and at
el evated tenperatures is greatly increased by encapsulation with a hard

pl astic shell. Accordi ng to anot her aspect of the present
invention, there is provided a disk drive limt stop conpri sing: a
rod having a first end and a second end; and alimter formed

around said rod between said first end and said second end, said limter
further conprising an inner core nolded froma visco-elastic material and a
thin outer shell formed of a plastic maté§¢ial conpletely encapsul ating the
i nner core. . According to another aspect of the present invention,
there is provi defi@ d%Ks drpian [Vilartiktugsrebips itdengmportant ID anda@Pi er
strip extendjng,along a ceptral. axis_of said lim.t stop; and . a
liniter for %é’&ggjrc%hrﬁ A ggﬁa%"id«?rr g? rﬁﬂlagaﬁ’%"'ﬁﬁlﬁf‘t’é‘?iaaftdﬁh‘é? t86nptF5i ng
an i nner cor.FRl-desk f I 4k diacdaclAs Wil G 8l aBldL AokDEnAuheL spe!
formed of a plastic material conpletely encapsul ating the Tnier core.

Accor di ng t myasatheramspechcofod e preasent rinyent .hQ*QingLréeB@téLs dRERYided a
magneti c storage system conpri sing: a disk wwth a data surface of
concentric ddtghtiackexrger than thg dpimmiles sfipgor tinngr Swild df sthe gaskbs

spi ndl e shaf1t4 fog, rotating said di sk about an axis generally perpendicul ar
to the disk: ig. 2B is"a section view through A-A in Fig. 22
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disk 14, spacer rings 35 of generally equal diameter to the clamp

ating how when a disk drive system 10 has more than one

ring 33 are placed between the disks 14 in a concentric
arrangement with respect to the spindle 32 to form a disk stack
with disk-to-disk spacing equal to the height of the spacer rings
35. To prevent damage to either the slider 26 or the suspension
24, the slider/suspension combination must be prevented from
contacting the clamp ring 33 or spacer rings 35 when maximum
actuator positioner arm 22 rotation toward the ID occurs. The
function of the ID limit stop 50 is to limit rotation of the
actuator positioner arm 22 toward the spindle 32 so as to ensure
the suspension 24 or slider 26 does not actually contact the
clamp ring 33 or spacer rings 35. Similarly, the maximum
rotation of the actuator positioner arm 22 toward the OD of the
disk surfaces 28 must be limited to prevent the slider or sliders
26 from being positioned over the OD edge of the disk surface 28

since at this edge the supporting air-bearing will collapse



a slider maintained in operative relationship with the data surface when
the disk is rotating: a transducer attached to the slider for
reading data from and witing data to the data ssurface: an
actuator for noving the slider generally radially relative to the disk to
allow the transducer to access the data tracks said actuator conprising
a forward portion for supporting said slider, a central portion
rotatably supported by a rotational Shaft through hearing and a v-shaped

rearward portion: an electronic nodule for processing data read
from and witten to the data 17a suspension for connecting
said slider to said actuator: support neans for supporting said

spi ndl e shaft abhdweluaterslider 26 to g dav@mgedore chihiqt givp taetdtdlabl e to
sai d support neans proxinmate to oueter sides of said v-shaped rearward

portion of sai ¥t udP8r uRGHign PhithesPBpt iaFt K edni i*8i hti& FREPtiRaVi ng
o botvem ool o BB e Blbper g g7, Sl ST Bl oo
conprising an {{ef: 160Fe2dMIARE; AQIM a8stdpi60a £}-B3hE tnd REEE e a1k &pt hin
outer shell fornmed of a plastic material conpletely encapsul ating the
i nner core. Due fccCiradivagy tapidaactdseinasppeebibfty phehighr esent
invention there is provided U managnetic storage system conpri sing:
performance disk files, thé maximum attalnable actuator
positioner arm 22 rotation velocity allows impact energies at the
ID limit stop 50 and the OD limit stop 52 tq reach very high
values. The use in the prior art of hard, low compressibility
materials as limit stops results in low energy absorption at the
impact interface causing the actuator positioner arm 22 to bounce
at impact with a very high deceleration rate as the rotation
direction reverses. The high deceleration rate can result in'
high frequency vibration of the suspension 24 resulting in
damaging slider 26 to disk surface 28 impacts. The use of
softer, compressible materials as limit stops results in lower
deceleration rates, but due to the finite deflection of the limit
stop material, a wide ID limit stop band 37 and OD limit stop
band 39 must be provided at the ID and OD disk radius to provide
the necessary safety margin to prevent slider 26 or suspension 24
damage. These bands must be provided on every disk surface in

the file, and since these bands cannot be used for data storage,

a significant loss of useful data capacity results.



a disk wwth a data surface of concentric data tracks a spindle
supporting said disk. said spindle shaft for rotating said disk about an
axis generally perpendicular to the disk: a slider maintained in
operative relationship with the data surface when the disk 1is rotating

a transducer attached to the slider for reading data from and waiting
data to the data surface: an actuator for noving the slider
generally radially relative to the disk to allow the transducer to access
the data tracks said actuator conprisiing a forward portion for supporting
said central portion rotatably supported Hﬁ a rotational shaft t hr ough
bearings and a V-shaped rearward portio | ectronics nDduIe

for processing dat &° ﬁﬁeﬁﬂow?r%ﬁnthﬁnﬁrtwwﬁPthfF % Wﬁﬁc?ﬁﬁ%fs§6?f?ﬁ§§rla s
a suspensi on fror eomeckbpyd &a dnShidftiphe sAIFRCLUM M able compromise of

REPLACENMENT SHEET -10a
support neans lP&iPr deprderetimp sakds stplmctloegs%fqneaan @xﬁta}@'@morandth low
at | east one L slgg attachable to said sq&gf % oI imate to
outer sides oF salﬁ haf ¥ %&ar R8T BEPPF o gPt hé? f% OUEERES T ¢t

stop further campsi $AdGuface stickiness of visco-elastic materials has
prevented general application for this purpose. The present
invention provides a structure which overcomes these

difficulties.

A limit stop in accordance with the present invention is
shown and described with reference to Figs. 3A-3C. 1In a
preferred embodiment, Fig 3A illustrates a perspective view of a
limit stop, represented here by numeral 60, that is insertable
from outside the disk drive 10 for easy assembly. In this
embodiment, the limit stop 60 comprises a generally cylindrical
shaped outer shell 69 formed of hard plastic material having a
bottom end 62 and a top end 64 of unegual radii which fit closely
in suitable mounting holes in the bottom cover 30 and the top
cover 12 of the disk drive 10 at either the ID limit stop 50
position or at the OD limit stop 52 position. At the generally
middle region of the limit stop 60, a generally cylindrical
limiter 66 is located. With reference to Figs. 3B and 3¢, it can
be seen that limiter 66 is further comprised of an inner visco-

elastic core 68 and a thin plastic encapsulating shell 69. The



carrier strip extending along a central axis of said limt stop and a
limter formed around said carrier strip, said limter further conprising
an inner core nolded froma visco-clastic material and a thin outer shel
formed of a plastic material conpletely cncapsul ating the. inner, Core.
Accordi ng to another aspect of the present invention there is provided a
met hod for manufacturing an actuator limt stop for a maginetic storage

system conpri si ng: providing a carrier frame having a first
support neans a second support nmeans. and a plurality of carrier strips
ext endi ng between said first and second sufport neans: pl aci ng

said carrier frame into a nold so that a visco-elastic core may be fornmed
about each of 9$aPfay Cifekhathatpgm end 62 of 4he iRy £tePsth-8Hact itde

mat eri al about . each of said carrier strips.to form_said viscq-g|astic
core: EJLm’fa)l'f%trcisfr?g""§'§1i ﬂ“agéffité’]’a”f F&E@d’hﬁg\ﬁtﬁﬁ Hol*4EJEH seé‘g-% gt thecore

into a Secondlﬁm'g ét%pf @b rI‘HnE‘tQP%\é Qg.tﬁ?aitdtue rT]‘bitmi%t S op 60 can b mol di ng

a plastic material about said carrier strips thereby enclosing said visco-
el astic core a@ﬂifﬁrimsagtwitd\rﬁﬁi]m DY e Of nRAIsBolih yTiln $hORopaBEver 12 of
removing said carrier strips fromsaid carrier frane. Accordi ng
to anot her aspeetdigtk dhévepraseet 1hwentioed kdeelld sliphbvsidedSa poetiltadnf or
manuf acturing an actuator limt stop for a nagnetic storage system
conprising : ©r the OD 3imit diteg 82 fHOsdtipmd f Adfhoudly ithal 1initshkpedOpl asti c
shel | havi ng, first, end. second end and _a.hol | aw gent er. portiaon:

provi ding a s%g%%nd g Fe (Sch/’f’ﬁ’ne&r ic“%raefllrﬂ/ *Endped a&??ﬁsﬁyﬁé ngiﬁ%aﬁ WaW s first
end. a secondmedikicditdods e [t SRHLhapOsd iM@Be without depdttdfdy NGom thdn t
stop pin into said first half cylindrcally shaped plastic shell such that
said pill restBIBEIRGd areRRIPE bhe nueseshelnveskiendi A§e 1etded ahid first

e.nd over Sa! dipé’t%alfl"i’n%()%i Olr}.m%.@dst%_loo %%Isgrlsneecdogg &n%, embodiment .{snsp?al;:tr_igj.g’ a
vi sco-el astic nmateriar nto Sai-d°hdl FoW tent ef pOI’JtI ons: an
scaling said the friplrastty Shelt taisaedr&rgendepldsbhe shflilbar with the

art that any other suitable means of installing the limit stops

can be used.

In a preferred embodiment, annular core 68 is formed from a
visco-elastic material selected from the groups consisting of
polyacrylate elastomers and polyurethane elastomers.
Encapsulating cover 69 is preferably a plastic material. Examples
of suitable materials include polyertherimide, polycarbonate or
polyurethane. Alternatively, acetal, fluorocarbon, nylon, and
polypropylene may be used. In operation, the rearward extensions
56 and 58 of the actuator positioning arm 22 will impact the
limiter 66 portion of the limit stops 60 when the actuator is

rotated to the ID or OD limits defined to protect the slider 26



11 BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1is a
plan view of the disk drive of the present invention generally o
illustrating the relative placenent of the disks, actuator and |linmt stops

of the present invention; Fig. 2Ais a plan view of the actuator and
limt stops relative to the disk illustrating the inportant 1D and OD
constraints of crash deflection; Fig. 2B is a section view A-A of the
di sk stack illustrating the spacer ring geonetry;

20

or suspension 24 from damage. Still with reference to Fig. 3B,
it can be seen that the structure of the preferred embodiment of
the limit stop 60 comprises a molded annular core 68 encapsulated
in a molded plastic generally cylindrical material 69 that also
forms the méin body of the limit stop 60. During a limit stop
impact, one of the actuator positioning arm extensions 56 or 58
contacts the limit stop 60 at the limiter 66 region at the
general location indicated by the section B-B of Fig. 3B.
Actuator contact is with the thin plastic encapsulating layer 69
which provides a hard, non-sticky contact interface at the
precise position needed to safely limit actuator positioning arm
22 rotation about its pivot 38. At impact, the rotational energy
of the actuator positioning arm assembly 22 will be transferred
to the limiter 66 region of the limit stop 60. This energy is
transferred through the plastic encapsulating layer 69 into the
core of visco-elastic material 68 where the energy is rapidly
absorbed and dissipated. Because the impact energy is absorbed
by the limiter 66, the actuator positioning arm assembly 22
rotation stops at a low deceleration rate with little or no
bounce. The low deceleration rate results in minimum vibration
of the suspension 24 and slider 26 decreasing the chance of
damaging slider-to-disk impacts. The good impact energy

absorption and dissipation properties of visco-elastic materials



Figs. 3A, 3B and 3C are a perspective view, a side sectional view and a
m d-section view B-B of the limt stop of the present invention
Fig. 4Ais a plan view of the nold process carrier strip to form

visco-elastic cores for the limt stop; Fig. 4B is a plan view of the
nol d process carrier strip to formthe plastic limt stops encapsul ating
the visco-elastic cores; Figs. 5A and 5B illustrate a second

enbodi ment of the fabrication process; Figs. 6A and 6B illustrate a
pl an and sectional view respectively of a second enbodinment of the limt
stop of the present invention; and 21 -

also results in very small compression-induced deflection of the
limit stop visco-elastic material 68. This property is an
important feature of the present invention which allows_}ow
deceleration rates to be achieved at impact with an accompanying
small deflection of the limiter 66 region of the limit stop 60.
Small deflection of the limiter 66 region has the desired result
that the ID stop band 37 and the OD stop band 39 on the disk
surfaces 28 can be very narrow compared to the prior art.

The desired properties of low deceleration rate and small
compression-induced deflection of the actuator 22 rotation at the
limit stops 50 and 52 are optimized by choice of the particular
visco—elastic material 68 and by the exact dimensions of the
elements of the limiter 66, in particular the thickness of the
encapsulating plastic layer 69 and the visco-elastic core
material 68.

An object of the present invention is to provide a method
for fabrication of the preferred embodiment illustrated in Figs.
3A-3C. The features of the present embodiment that are desired
for this invention are that t@e limit stops 60 can be located in
the disk drive system 10 with very high positional accuracy
relative to the actuator positioning arm 22, that the limit stops
60 are fabricated with accurate dimensions maintained to tight

tolerances, and that the visco-elastic material 68 is



12 ~Figs. 7A and 7B illustrate an alternative placenment of the limt
stop of the present invention as part of the VCM assenbly.

13 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT Thi s
invention is described in a preferred enbodinent in the follow ng
description with reference to the Figures, in which |I|ike nunbers represent

the sane or simlar elenents. While this invention is described in terns
of the best nobde for achieving

- 22

hermetically sealed within the plastic encapsulating layer 69.
These requirements can be met for the fabrication process herein
described for a preferred embodiment. Fig. 4A illustrates the
first step of a two-step molding process suitable for mass
fabrication of the limit stops of this invention. A carrier
frame 61 of thin stainless steel or other suitable material is
placed in a mold designed to simultaneously form a plurality of
parts, one on each of the connecting strips 65 of the carrier
frame 61. The mold for this step is designed to form cylindrical
visco-elastic material cores 68 around each of the connecting
strips 65. The carrier frame 61 with the molded visco-elastic
cores 68 attached is removed from the first mold and placed in a
second mold designed to form the generally cylindrical plastic
body 69 illustrated in Fig. 4B. As can be seen in the Fig. 4B,
the molded plastic material forms the main body of the limit stop
60 and also encapsulates the visco-elastic core 68. The carrier
frame 61 is then removed from the second mold and the individual
limit stops 60 are separated from the carrier frame 61 by cutting
the connecting strips 65 at both ends 62,64 of the limit stops
60.

Figs. 5A and 5B shows an alternative process by which the
limit stop 60 of the present invention is formed. Here, a limit

stop pin 71 may be turned from steel or other suitable metal or



this invention's objectives, it wll be appreciated by those skilled in
the art that variations may be acconplished in view of these teachings

wi t hout deviating fromthe spirit or scope of the invention. Fig. 1
shows a disk drive system designated by the general reference nunber 10.
The Iid 12 of the disk drive 10 is shown exploded and in phantom In
operation, the lid would be di sposed atop of the housing 30. The

di sk drive 10 conprises one or nore nagnetic disks 14. The disks 14 nay be
conventional particulate or thin film recording disks, which are capable
of storing digital data |n concentrrc tfdcks. In a preferred enbodinent,

both sides Shaf 8. claks dd o5 GaRualdabl &.4i00, £ A0 A0 bt i, be

recogni zed by © one o e art at t Ive 10 may
i ncl ude any tmeThemief ssus b idi skslsllhnen 1ocat£hecart&h$1§14naraecgmmze@atlo a

spindle 32. The spindle 32 is attached to a spindle notor which rotates
t he spindl e B#dafiid.t he which half of a hollow, two-piece plastic s?ell 72
has been inserted. The second half of the mold, similarly lined
with the second piece of the hollow, two-piece plastic shell is
then attached. Soft visco-elastic material can then be injected
into the cavity 74 between the limit stop pin 71 and the hollow
plastic shell 72 where constrained by the mold it hardens.
Following release of this structure from the mold, the two pieces
of the plastic shell are bonded together and to the limit pin 71
to form a hermetic seal 80,82 encapsulating the visco-elastic
materjial as illustrated in Fig. 5B. The plastic bonding process
can be achieved with ultrasonic welding, solvent bonding or:one
of several other technigues commonly employed to join plastics.
Figs. 6A and 6B show a first alternative embodiment of a
limit stop 100 in accordance with the present invention, the
limit stop 100 having a beam type confiquration. With reference
to Fig. 6A, the limit stop 60 may be comprised of a metal strip
80 which is attachable to housing 30. Encapsulating shell 92 is
formed about the metal strip where the actuator assembly 16
contacts the limit stop 100. Fig. 6B shows a cross-sectional
view of the limit stop of Fig. 6A, showing the visco-elastic

inner core 94 encapsulated within shell 92.



14 disks 14 to provide read/wite access to the various portions of the
concentric tracks on the di sks 14. An actuator assenbly 16, in
accordance with the present invention is indicated by the dashed lines in
Fig. 1. The actuator assenbly 16 includes a positioner arm 22, and a
suspensi on assenbly 24. The suspensi on assenbly 24 includes a
slider/transducer assenbly 26 at its distal end. Al though only one
slider/transducer assenbly 26 of the suspension assenbly 24 is shown, it
wi |l be recognized that the disk drive 10,has one slider/transducer
assenbly 26 for each side of each disk 14 ‘included in the drive I0. The

positioner arm 22 gfidkt hed anGORBId1RRS af PLMa 38 &HQMNGe Wil 1 hBR: RASIyt | oner
arm 22 pivots.

limit stop 110 in accordance with the present invention, showing
the limit stop as a collar around the posts of the vem assembly.
Fig. 7A shows the limit stop 110 arranged around the post
separating the bottom plate 40 and top plate 41 of the vcm
assembly. Fig. 7B is a cross-sectional view of the limit stop
110, wherein the visco-elastic core 114 is located between a
shell encapsulant 112 and metal pin 1l16.

While the preferred embodiments cof the present invention
have been illustrated herein in detail, it should be apparent
that modifications and adaptations to those embodiments may occur
to those skilled in the art without departing from the scope of

the presént invention as set forth in the following claims.



The di sk drive 10 further includes a read/wite chip 34. As is well known
in the art, the read/wite chip 34 cooperates with the read/wite
transducer on the slider assenbly 26 to read or wite to the disks 14. A

flexible printed circuit menber 36 carries di gital ' en the
chip 34 and a connector pin assenbly 18 which inter @,mm t er nal
signal processing electronics. One or nore electricdl ¢on are
routed along the pivot arm 22 and suspension 24 to carry el ectrical
signals to and fromthe read/wite trans ycer on the slider 26. The
main function of the actuator assembly 167is to nove the positioner or
actuator arm 22 around the pivot 38. Part, .gf the

15

What is claimed is:

1. A limit stop for use in a magnetic storage system
comprising:

a rod having a first end and a second end; and

a limiter formed around said rod between said first end and
said second end, said limiter further comprising an inner core
molded from a visco-elastic material and a thin outer shell

formed of a plastic material.

2. The limit stop as claimed in claim 1, wherein said
visco-elastic material is selected from the group consisting of

polyacrylate elastomers and polyurethane elastomers.

3. The limit stop as claimed in claim 2, wherein said

outer shell completely encloses said inner core.

4, The limit stop of claim 3, wherein the rod is

substantially cylindrically shaped.

5. The limit stop of claim 3, wherein the rod is

substantially rectangular shaped.

THIS SHEET HAS BEEN
REPLACED
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actuator assenbly 16 is the voice coil notor (vcm) which conprises the vecm
bottompl ate. 40, the magnet 42 and the vcmtop plate (not shown to expose
the rest of the actuator assenbly) in conbinati i tor coil
46. Current passing through the coil 46 inter aﬂmm\mm@lmmgu c field
of the nmagnet 42 to rotate the positioner arm 22 artd suspensi oh assenbly
24 around the pivot 38, thus positioning the read/wite transducer
assenbly on the slider 26 as desired. Mtion of the actuator arm over the
surface of the disk is showmn by arrow 15.,A so shown is a |atching

mechani sm 44, known in the art, which serves to secure the position of the
actuator positiongl arfme2d iwbensddpe adi Skaimdti e Qyshem Frtsemnot in

operati on. Limt stops 50,52, in accordance with the present ]
invention, &C8PFéeed £3r5howEiPFRYEtentingElang ¢ A& iz f s5aid
positioned tq limyt noti.on_of the rear t i e u

posi tioning zfror%’S FThdE %i r’?‘llf?tngentdhggi %%%G?rﬁgét%]%a?glgcaggi ??Qg%tfogéﬁe
sliders 26 reloative to the disk surface 28. The ODIlimt stop 52 is
positioned to limt notion of the rearward extension of the actuator
positioning arm58 thus limting the

This Sheet Has Been Replaced
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outernost radial position of the sliders 26 relative to the disk surface
28. Thé general positioning of the IDIimt stop 50 and the ODIlimt stop
52 illustrated in Fig. 1 is known and practiced in the art.

16 Fig. 2Ais a plan viewillustrating the inportant | D and OD

constraints on the slider 26 radial position relativ “furface
28. The disks 14 are nounted on a drive notor spi TH\E‘Q m ‘ | anpi ng
action of a clanp ring 33 having a outer diamneter aﬁger t han t he

di anmeter of the inner hole of the disks _14. Fig. ZB Is a sectlon Vi ew
through A-Ain Fig. 2A 21 -

7. A magnetic storage system comprising:

a disk with a data surface of concentric data tracks;

& spindle supporting said disk, said spindle shaft for
rotating said disk about an axis generally perpendicular to the
disk;

a slider maintained in operative relationship with the data
surface when the disk is rotating;

a transducer attached to the slider for reading data from
and writing data to the data surface;

an actuator for moving the slider generally radially
relative to the disk to allow the transducer to access the data
tracks, said actuator comprising a forward portion for supporting
said slid?r, a central portion rotatably supported by a
rotational shaft through bearings and a v-shaped rearward
portion;

an electronics module for processing data read from and
written to the data surface;

a suspension for connecting said slider to said actuator;

support means for supporting said spindle shaft and
actuator;

at least one limit stop attachable to said support means
proximate to outer sides of said v-shaped rearward portion of
said actuator, said limit stop further comprising a rod having a

first end and a second end; and a limiter formed around said rod

This Sheet Has Been Replaced
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illustrating how when a di sk drive system 10 has nore than one disk 14,
spacer ‘rings 35 of generally equal dianeter to the clanp ring 33 are

pl aced between the disks 14 in a concentric arrangement with respect to
the spindle 32 to forma disk stack wth disk-to-disk spacing equal to the

hei ght of the spacer rings 35. To prevent damage“uui " j der 26
or the suspension 24, the slider/suspension conbi mm Iﬂmmwm" event ed
from contacting the clanp ring 33 or spacer rings *35¢%hén fraxs m#m
actuator positioner arm22 rotation toward the ID occurs. The function of
the IDIimt stop 50 is to limt rotation @ the actuator positioner arm
22 toward the spindle 32 so as to ensure the suspension 24 or slider 26

does not act uabétwesmnsadd fhet ehdmmda sagd 3@ @ndspatersaidnysmi3er further
Simlarly, the maximum rotation of the actuator positiqner arm?22 toward

the OD of the SUTRKLAPtALS"EE FRST "BEIPE T80 2t B HBVEAT I hESPFiRT 3K

sliders 26 fromibgl RUcRESLIHI 19N L £t Bep (d2t8d0Ra A rslhe di sk surface 28
since at this edge the supporting air-bearing will coll apse -

8. The magnetic storage system as claimed in claim 7,
wherein said visco-elastic material is selected from the group
consisting of polyacrylate elastomers and polyurethane

elastomers.

9. The magnetic storage system as claimed in claim 8,

wherein said outer shell completely encloses said inner core.

10. The magnetic storage system as claimed in claim 8,

wherein the rod is substantially cylindrically shaped.

11. The magnetic storage system as claimed in claim 8,
further comprising a voice coil motor assembly providing magnetic
current for movement of the actuator, the voice coil motor
assembly further comprising a top plate and a bottom plate

separated by the rod of the at least one limit stop.

12. The magnetic storage system as claimed in claim 8,

wherein the rod is substantially cylindrically shaped.

THIS SHEET HAS BEEN
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17 allowng the slider 26 to be danaged by contact with the disk edge.
The function of the OD limit stop 52 is to limt rotation of the actuator
positioner arm 22 to ensure adequate margin for the slider 26 to naintain

a stable air-bearing near the disk OD. Due to t%gumm, :
accessing capability of high performance disk files, v mw,i””!ll
attai nabl e actuator positioner arm22 rotation velocity all'ows i gpa

energies at the IDIimt stop 50 and the OD limt stop 52 to reach very

high values. The use in the prior art of ;hard, |ow conpressibility
materials as |imt stops results in |ow energy absorption at the inpact

interface causing jshe agL Yalae: POSIHrRE s 3k Bh 22 (QabRENGE cBiir @Ract with
a very high deceleration rate as the rotation

further comprising a carrier strip extending along a central axis

of said rod, from said first end of said rod to said second end

of said rod.

14. A method for manufacturing an actuator limit stop for a
magnetic storage system comprising:

providing a carrier frame having a first support means, a
second support means, and a plurality of carrier strips extending
between said first and second support means;

placing said carrier frame into a mold so that a visco-
elastic core may be formed about each of said carrier strips;

molding a visco-elastic material about each of said garrier
strips to form said visco-elastic core;

placing said carrier frame having molded visco-elastic core
into a second mold to form a main body of said limit stop;

molding a plastic material about said carrier strips,
thereby enclosing said visco-elastic core and forming said main
body of said limit stop;

removing said carrier strips from said carrier frame.

This Sheet Has Been Replaced | THIS SHEET HAS BEEN
BRI e |




direction reverses. The high deceleration rate can result in high
frequency vibration of the suspension 24 resulting in damaging slider 26
to disk surface 28 inpacts. The use of softer, conpressible materials as

limt stops results in |lower deceleration rates ﬁ n H finite
deflection of the limt stop material, a w de Hl mrm mm)ﬂm 37 and OD
limit stop band 39 nust be provided at the ID and Ob diskKradilis to
provide the necessary safety margin to prevent slider 26 or suspension 24

damage. These bands nust be provi ded on eyery di sk surface in the file,
and since these bands cannot be used for HYata storage, a significant |oss

of useful data C&ﬂﬂc'ﬁymééﬁ%ﬁtéér manufacturing an actuator limit stop for a

magnetic storage system comprising:

providing a first half-cylindrically shaped plastic shell
having a first end, a second end, and a hollow center p;;tion;

providing a second half-cylindrically shaped plastic shell
having a first end, a second end, and a hollow center portion;

placing a limit stop pin into said first half cylindrically
shaped plastic shell such that said pin rests along an edge of
the shell extending from said first end over said hollow portion
and to said second end;

inserting a visco-elastic material into said hollow center
portions;

seal;ng said first plastic shell to said second plastic

shell.
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As is known in the art, the use of visco-elastic materials for limt stops
can i'n principle provide a suitable conpronise of |ower deceleration rates
due to good energy dissipation with | ow deflection. However, poor

di rensional stability, high outgassing rates and surface stickiness of
visco-elastic materials has prevented general application for this
purpose. The present invention provides s structure which overcones these
difficulties. Alimt stop in accordance with the present invention
is shown and descHIGEPHERFORMANCENRESK DREVEIIVIA-SIOP EMBLOYINGer r ed
enbodiment, Fig 3Aillustrates a perspective viewof a limt stop,
represented here by nuneral @YCAB&UWEmy@@@bEIeAST%m out si de the disk
drive 10 for_easy assenbly. In this enbodinent, the limt stop 60

conpri ses Ty cylindrical shaped outer shell 69 formed of hard

DL e o M taa R bR e S B e Sl
the top Coéfgsrtic]iﬁné}fc&g?ééiiaﬁg aqﬁfnvvgali]eg &Rer%&x&lﬁ'?éQ)teﬁglogng kﬂg’Q,fsCOS.&g&CE’O
material (68), and a method of manufacturing the same. The thin wall is hermetically
sealed to isolate the inner core material (68) and eliminate the possibility of
contamination to the disk drive interior. The visco-elastic inner core (68) has the
properties of very good energy dissipation, while the outer shell (69) provides high
dimensional control and stability.

Fig. 3
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p0§$t|on or at the ODlimt stop 52 position. At the generally mddle
region of the limt stop 60, a generally cylindrical I|imter 66 is

| ocated. Wth reference to Figs. 3B and 3C, it can be seen that limter 66
is further conprised of an inner visco- elastic core 68 and a thin plastic
encapsul ating shell 69. The

19 dianeters of the bottomend 62 of the limt stop 60 and of the Ilimter
66 are smaller than the dianeter .of the top end 64 of the limt stop 60
and limter 66 so that the limt’ stbp 60 can be weasily inserted through a
hol e (not shown) in the top cﬂVer 12 of_ the disk drive system 10 at either
the IDIimt stop 50 p05|t|on or the ODdJrﬁt stop 52 position. Al though

the limt stop 60 e S

NS FIG. 1



shown and described herein is generally cylindrically shaped,

rodi fications to the shape may be nade w thout departing fromthe spirit
and scope of the present invention. The method of installing the limt
stop described in this enbodinment is part of the prior art, and it wll be
recogni zed by one famliar with the art that any other suitable neans of
installing the limt stops can be used.,, In a preferred enbodi nent,
annul ar core 68 is forned froma visco-e?astic material selected fromthe
groups consisting of polyacrylate el astoners and pol yuret hane el ast oners.
Encapsul ati ng cover 69 is preferably a plastic material. Exanples of
suitable materials include polyertherimde, polycarbonate or pol yurethane.
Al ternatively, acet I | ene may be used.
In operation, the fearward extensign and 58 of the actwyator
positioning arm 22 w Il inpact e limter 6B~portion of the limt stops
60 when the actuatjor is rqotated to the ID or ODWN m tig defijned to protect
the slider 26

~ 30

28 —

—
S
..



20 or suspension 24 fromdamage. Still with reference to Fig. 3B, it can
be seen that the structure of the preferred enbodinment of the limt stop
60 conprises a nol ded annul ar core 68 encapsulated in a nolded plastic
generally cylindrical material 69 that also forns the main body of the
limt stop 60. During alimt stop inpact, one of the actuator positioning
arm extensions 56 or 58 contacts the Iig}t stop 60 at the limter 66
region at the general |ocation indicate E%y the section B-B of Fig. 3B.
Actuator contact is with the&hin plastic encapsulating |ayer 69 which
provi des a hard, non-sticky c@ntact interface at the precise position
needed to safely limt actuat positioning arm 22 rotation about its

pi vot 38. At inpact, the rot nal energy
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of the actuator positioning armassenbly 22 will be transferred to the
limter 66 region of the limt stop 60. This energy is transferred through
the plastic encapsulating |layer 69 into the core of visco-elastic nmateri al
68 where the energy is rapidly absorbed and dissi pated. Because the inpact
energy is absorbed by the [imter 66, the actuator positioning arm
assenbly 22 rotation stops at a | ow dece8eration rate with little or no
bounce. The | ow deceleration rate results in mninmmvibration of the
suspension 24 and slider 26 decreasing the chance of damagi ng
slider-te-disk inpacts.tdThe good i npact gpergy absorption and dissipation
properties of visco-elast?s\qéterials
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21 +also results in very snall
stop visco-elastic nmateri al
t he present
at inpact with an acconpanyi ng
of the limt stop 60. Small
desired result
di sk
desired properties of
defl ection of the actuator 22 rotation at the
optim zed by choice of the particul ar

68. This property is an

smal |

conpr essi on-i nduced defl ection of the

limt

i nportant feature of

invention which allows |ow deceleration rates to be achieved
deflection of the [imter 66 region
deflection of the limter 66 region has the
that the I D stop band 37z@nd the OD stop band 39 on the

surfaces 28 can be very narrow conpared to the prior art.
| ow decel eration rate and smal

The

conpr essi on-i nduced
limt stops 50 and 52 are
Vi sco-el astic nateri al

68 and by the

exact di nensi on

el enents of the limter 66, in particular tﬁe
' g~ C core

of the
t hi ckness of th ) sut-atTg—p er—89—amyttevisy
mat eri al 68. An object of the present inventipn is to pglovide a
met hod for fabrication|of the piieferred egbodi nent{jillustratiegd in Figs.
3A-3C. The features of {{he present enbodi ngnt that 1re desired
§ § 68
~ 69
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for-this invention are that the limt stops 60 can be |located in the disk
“drive system 10 with very high positional accuracy relative to the
actuator positioning arm?22, that the limt stops 60 are fabricated with
accurate dinmensions nmaintained to tight tolerances, and that the
visco-elastic material 68 is

22 hermetically sealed within the plas€i& encapsul ating | ayer 69. These
requi renents can be net for the fabrication process herein described for a
preferred enbodinent. Fig. 4A illustrates the first step of a two-step
nmol di ng process suitable for mass fabrication of the [imt stops of this
invention. A carrier

RS /W%
A
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frame 61 of thin stainless steel or other suitable material is placed in a
nol d designed to sinmultaneously forma plurality of parts, one on each of
the connecting strips 65 of the carrier frame 61. The nold for this step
is designed to formcylindrical visco-elastic material cores 68 around
each of the connecting strips 65. The carrier frame 61 with the nol ded
visco-elastic cores 68 attached is renoygd fromthe first nold and pl aced
in a second nold designed to formthe generally cylindrical plastic body
69 illustrated in Fig. 4B. As can be seen in the Fig. 4B, the nolded
plastic material forns the main body of the [imt stop 60 and al so
encapsul ates the visco-elastic core 68 -~Thescarriggr frame 61 is then
renoved fromthe second nold and the oif- imt stops 60 are
separated fromthe cagﬁier frame 61 the connecting strips 65 at

both ends 62,64 of the™ i, stops . ti gs. 5A and 5B shows an
alternative process by which the |1 60 of the present invention is
formed. Here, a limt stop pin 71 aed from steel or other

sui tabl e netal or
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2.3 may be turned or nolded froma suitable hard plastic material. The
limt stop pin 71 is then located centrally in a cylindrical nold 70, in
whi ch half of a hollow, two-piece plastic shell 72 has been inserted. The
second half of the nold, simlarly lined wth the second piece of the
hol | ow, two-piece plastic shell is then attached. Soft visco-elastic
material can then be injected into thes/gavity 74 between the limt stop
pin 71 and the hollow plastic shell 72 where constrained by the nold it
hardens. Follow ng rel ease of this structure fromthe nold, the two pieces
of the plastic shell are bonded toget-her and to the limt pin 71 to forma
hernetic seal 80,82 encapsul ating the visco-elastic
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material as illustrated in Fig. 5B. The plastic bonding pR
achieved with ultrasoni c welding, solvent bonding or one

t echni ques commonly enployed to join plastics. Fi g$
first alternative enbodinent of a limt stop 100 in accor
present invention, the limt stop 100 having a beamtypg¢

14

”

Wth reference to Fig. 6A the limt stop 60 nmay be conpri
strip 90 which is attachable‘to housing 30. Encapsul ati ng_shell 92 is

formed about the netal strip WSeMMARY QR THEANVRSEIGNY 16 contacts the
limt stop 100. Fig. 6B shows. a cross-sectional . view of the |limt stop of
Fig. 6A, showi ng tHe3P 9%}V&§@1135Pq0hﬂ§ 1¢ PESENIAVeEHeRJatc At %@V{chiﬁll’d“‘éhel |

92. stop for magnetic storage systems comprising a combination of visco-elastic material

inner core and a thin walled outer shell enclosing the visco-clastic material. The thin
walled outer shell is formed of a plastic material, and is preferably hermetically sealed to
isolate the inner core material and eliminate the possibility of contamination to the disk
drive interior. The visco-elastic inner corc has the nroperty of very good energy
dissipation, while the outer shell provides ligh dimensional control and stability.

In a preferred embodiment the limit stop is a generally
cylindrical rod or pin which is comprised of a central coaxial
cylinder of visco-elastic material which is encapsulateq_by a
thin layer of plastic. 1n this embodiment, the cylindrical rod
or pin is insertably retained between the top and bottom of the
file housing.

In one embodiment, the limit stops of the present invention
are fabricated by use of a molding process, whereby the inner
core and the outer shell.--are formed scquentially about a carrier
strip.

The limit stops of the present invention alternatively are
fabricated by inserting a generally cylindrical supporting pin
formed of metal or hard plastic in the center and coaxial with a
generally cylindrical mold in which a visco-elastic material is
injected. A hollow 2-piece thermoplastic shell is fitted over
the short visco-elastic cylinder on the supporting pin. The two
picces of the hollow plastic shell are then bonded together to
form a hermetic seal encapsulating the visco-elastic material.

1n normal operation, the actuator is controlled to move the
suspension/head assembly in a_gencrally radial direction over the
disk surface to the desired track location on the disk. 1In a
number of normal operations such as startup and shutdown, the
actuator is driven to the full ID and/or OD limits. An

advantage of embodiments of the present invention over the prior art is that the



24 Fi gs.

7A and 7B show an second alternati ve enpedtpent—of—a—Llimt

stop 110 in accordance with the present invention, shorREﬂAGEMENTrﬁHEEﬂ op

as a collar around the posts of the vcmassenbly. Fig
stop 110 arranged around the post separating the bott
plate 41 of the vcm assenbly. Fig. 7B is a cross-sect
limt stop 110, wherein the visco-elastic core 114 is
shel | encapsul ant 112 and netal pin 116. Wi | e the preferred

enbodi ments of the present invention have been illustrared—terermin
detail, it should be apparent that nodiftgati ons and adaptations to those

enbodlnents may occur to those skilled in the art wi thout departing from

t he scope of

iMRacht edlerthei himdtt sbppasiusetof orase ppetdte dngl Feswing il ai ns.

smaller displacements due to limit stop compression while still
resulting in acceptable deceleration values to protect the file
from slider and disk damage. In these events, the high enerqgy
dissipation qualities of the visco-elastic limit stop material of
this invention reduces the possibility of impact damage due to
excessive decelerations of the suspension/slider combination.
Unlike the visco-elastic material limit stops found in the

prior art, the critical dimensions of the limit stops of embodiments of this
invention can be manufactured to tight tolerances due to the
cncapsulating outer shell of plastic. The ability to maintain
the critical dimensions within tight tolerances for long times
under high loads and at elevated temperatures is greatly
increased by encapsulation with a hard plastic shell.

According to another aspect of the present invention, there is provided a disk
drive limit stop comprising:

a rod having a first end and a second end; and

a limiter formed around said rod between said first end and said second end, said
limiter further comprising an inner core molded from a visco-elastic material and a thin
outer shell formed of a plastic material completely encapsulating the inner core.

According to another aspect of the present invention, there is provided a disk
drive limit stop comprising: -

a carrier strip extending along a central axis of said limit stop; and

a limiter formed around said carrier strip, said limiter further comprising an inner
corc molded from a visco-elastic material and a thin outer shell formed of a plastic
materidl completely encapsulating the inner core.

According to another aspect of the present invention, therc is provided a
magnetic storage system comprising:

a disk with a data surface of concentric data tracks;

a spindle supporting said disk, said spindle shaft for rotating said disk about an

axis generally perpendicular to the disk;



REPLACEMENT SHEET|

[err]

20 DEC2000 ("L .A] NS Wat i
Cained is: . A disk drive linit stop conprisingl:| 200FC 2080rdd
having a first end and a second end and a limtefr fornal argund

said rod between said first end and aid secomd end said jlimter further

conplising an inner core nolded from a visco-elastic terial. and '

outer shell formed of a plastic material copFleter‘encapsulaping t he inner
Hég al

core. 2. Theslideimaingpigp! BsorRer#iM pnsBinaivith the dighewéics dainghe disk
visco-clastic uatefrhal is selected fromthe group consisting of
pol yacryl ate el astontrs and pol yur et hane el ast oners. The limt

stop as clainmed in claimdugr aihdiedin thasldicoderarcadighdhh foomped teltineehtl osts
said inner core.. .. free The limt stop of claim 3. wherein the rod is
substantial Iy ¢yl i'ndrical Iy shaped. The linmit stop of claim 3.
wherein the rod i s substandi @ hyvirecthanguératenshadpedlialiv rerative o i Adislits kllow

drive limt stop co rislng: . . . . . .
Lhe transducer o acceess th dil(il ll"dC-kS. S'dld actuator COMPIising lorward pm'lmn Loy

supporting said stider. a central portion rotatably supported by a rotational shaft through
bearings and a v-shaped rearward portion:

an clectronic module for processing data read from and written to the data
surface:

a suspension for connecting said slider to said actuator:

support means for supporting said spindle shatt and actuator:

at least one limit stop attachable to said support means proximate 1o outer sides
of said v-shaped rearward portion of said actuator. said limit stop turther comprising a rod
having a first end and a second end: and

a himiter tormed around said rod between said first end and said second end. said
limiter further comprising an inner core molded from a visco-clastic material and a thin
outer shell formed ot a plastic material completely encapsulating the inner core.

According o another aspect of the present mvention. there is provided a
magnctic storage system comprising:

a disk with a data surface of concentric data tracks:

a spindle supporting said disk. said spindle shaft for rotating said disk about an
axis generally perpendicular to the disk:

a slider maintained in operative relationship with the data surfice when the disk
I8 rotating:

a transducer attached to the stider for reading data from and wridng data to the
data surtace:

an actuator lfor moving the slider gencrally radially relative o the disk o allow
the ransducer to access the data tracks. said actuator comprising a lorward portion for
supporting said central portion rotatably supported by a rotational shalt through bearings
and a v-shaped rearward portion:

an clectronics module for processing data read from and written to the data
surlace:

a suspension for connecting said slider to said actuator:



a carrier strip extending along a central axis of said |lim ‘
limter formed around said carrier strip, said limter fygrther conprisinp
an inner core nolded froma visco-elastic material and a tthijn DOtREC 20668 |
formed of a plastic material conpletely encapsul ating the ner core. Al
magneti c storage system conprising: -10aa disk with & data Surface o
concentric data tracks: a spindle supporting saididisk,.sai.d

spindl e shaft for rotating said disk about an axis general |y
per pendi cul ar to t heUgpk ncans tor suppogling saifeidindde stk an dciuplogperiat i ve

rel ationship with thg BnS kG £ 2 ; &
attached to the sli der&iﬁ1E OFL re]alasl ﬁ)gwg‘g?zgﬂ% lraoﬁmi §1|ﬁ340§1 i ‘”‘A’“"a‘“ o lt0 m%l‘ﬁ G

dat a surface: ©f said v-shaped rearward portion of said actuator. said lnml stop further comprising a
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- 26 - said carrier strip, said limiter further comprising an inner core molded from a visco-clastic

Gl sgrip L\lClLdill” Mongé ¢entral axis of said limit stop and a limiter formed around

material and a thin outer shell formed of a plastic material completely encapsulating the
Inner core.

According to another aspect of the present invention. there is provided a method
for manufacturing an actuator limit stop for a magnetic storage system comprising:

providing a carrier frame having a {irst support means. a second support means.
and a plurality of carrier strips extending between said first and second support means:

placing said carricr frame into a mold so that a visco-clastic core may be formed
about cach of said carrier strips;

molding a visco-clastic material about cach ol said carrier strips to form said
visco-clastic core:

placing said carrier frame having molded visco-clastic core into a second mold to
form a main body of said limit stop;

molding a plastic material about said carrier strips. thereby enclosing said visco-
claste core and {forming said main body of said limit stop: and

removing said carrier strips {rom said carrier frame.

According to another aspect of the present invention, there is provided a method
for manufacturing an actuator limit stop for a magnetic storage system comprising:

providing a first hall-cylindrically shaped plastic shell having a first end. a
second end. and a hollow center portion:

providing a second half-cylindrically shaped plastic shell having a first end. a
second end. and a hollow center portion:

placing a limit stop pin into said first half eylindrically shaped plastic shell such
that said pin rests along an edge of the shell extending from said first end over said
hollow portion and to said second end;

inscrting a visco-clastic material into said hollow center portions: and

scaling said first plastic shell to said second plastic shell.



all actuator for nmoving the slider generally, radially relative to the disk
to allow the transducer to access the data tracks said actuator conprisig

,a forward por ' rtlng said slider, a centralportion :
rot at ably suppommmumnﬂlm m shaft through beari ”QEHWWEN? By
re an

ward porti ectroni c nroslul e for procegssFng—tat-a—+eas
from and wri tten to the data surface: a suspensipn fqor_connecting
said slider to said actuator: S ‘Eport means for |s ppé’rqpﬁ@gﬁﬁd
spi ndl e shaft and actuator: at $eat¥Sone limt st p.attachable tio

sai d support \WwRaRS:|IFhxiigate to outer sides 001 said v-shaped rearward
portion of said actuator. said limt stop further conpri‘stng-—ed-—havihg

a first end and a second end: and alimter fornmed around said rod
between said:list engqagd.Sahf & Q,ﬂ R sa| d limter further conprising
an inner core nolded from a vis astrc material and a thin outer shell

form ed of a pl asticodrbteng ahwtomdatuet‘etscyoahcabsmli ating the inner core.

XS The nmagnetic st ¢ systema rein said ‘

visco-elastic mat e(r?t"al i h”){““I‘g‘&ltmd \"f‘?“ﬂsh‘tlht“é’ e w]”‘CB‘nSi gt il gt end. said

pol ycryl at e ehast on®lies @nghripmk y:Lhr ﬁht‘tblaﬂek eblast QBT 8 .visco-cloktic n..mThetml a thin

magneti c stora% ){stem as clajmed in claim 8. w herin said outer shell
outtr shetl formed ot a plastic matul completely encapsulating the mner core.

2 The Timit stop as claimed in claim 1, wherein said visco-ciastic material is selected
irom the group consisting of polyacrylate elastomers and polvurcthane elastomers,
RY The Emit stop as claimed in claim 2. wherein said outer =hell completely encloses

said inner core.

4. Fhe limit stop o claim 3. wherein the rod is substantially cvlindrically shaped.

The limit stop of claim 3. wherein the rod is substantially rectancuiar shaped.

i, A disk drive limit stop comprising:

acarrier strip extending along a central axis of said limit stop: ind

a limiter formed around said carrier strip. said limiter turther comprising an inner
core molded from a visco-clastic material and a thin outer shell formed ol a plastic material

completely encapsulating the inner core.

A magnetic storage system comprising:
a disk with a data surface of concentric data tracks:
a spindle supporting said disk. said spindle shaft 1or rotting said Jdisk aboat an
axts eenerally perpendicular to the disk:

a slider maintained in operative relationship with the data surtace when the disk is
rotating:
a transducer attached to the slider for reading data fron: and watting data o the

JGata suriace:
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encl oses said inner core.  [(). The ma bsglr‘%CEMEﬁI‘a& ET
JFIIMLIMIIH R ° rve®regnen | ¢t orage' Syof el & Saee mo i

t Her © tising a voice coil notor asscenbly providing
rent, for anenent of the actudber, the voicejcoll notor

ther conprising a top plate and a botton1 pl ate.seperated. hy
the at | east one |i netic storag

i si ng: an actuator 1‘“é_“(&”§ék“\}m‘-fﬁ I "LB%&“H‘ Sﬁ‘t‘ f]g,cléﬁblf gbﬂ‘ﬁéi#tl‘rlf’c‘“d&tlac

transdu@erS Rl RAE@s SUPRRIE itAeksS aladi didkor Sdhfhrzungdl & -shaf f’\mfl i8h for
d di sk about .an axis generally Perpendlcular to the d
SpETing s[nérs}l}lu, a central “portion rotatably supported by a rotational \lmll mmu“h

hearings and a v-shaped rearward portion:

an clectronic module for processing data read tfrom and written to the data surface:

a suspension for connecting said slider to said actuator:

support means for supporting said spindle shalt and actuaor:

at least one limit stop attachabie to said support means proximaie to outer sides ol
said v-shaped rearward portion of said actuator. said limit stop iurthor comprising @ rod
having a first end and a second end: and

a limiter formed around said rod between said lirst end and said second end. said
limiter turther comprising an inner core molded from a visco-clastic material and a thin

outer shell formed of a plastic material completely encapsulating the inner core.

8. The magnetic storage system as claimed in claim 7. wherein said visco-clastic
material is selected from the group consisting of polyverylate elastomers and polvurethane

clastomers.

9. The magnetic storage system as claimed in claim 8. wherein said outer shell

completely encloses said inner core.

10, The magnetic storage system as claimed in claim 8. wherein the rod s

substantially eylindrically shaped.

i ‘The magnetic storage system as claimed in claim 8. further comprising a voice coil
motor assembly providing magnetic current for movement of the actuator. the voice coil
motor assembly further comprising a top plate and a bottom plate separated by the rod of
the at least one limit stop.
2 A magnetic storage system comprising:
a disk with a data surface of concentric data tracks;
a spindle supporting said disk, said spindle shaft for rotating said disk about an

axis generally perpendicular to the disk:
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a slider maintained in operative rel ationship with the BEPLA SHEME
the disk is rotat|] a transducer attached tojthe slider for
r eadi ng data“ ‘ ng to the data surface: 210 Bt 2angor | f br
noving the s l'y=radially relative to the difsk to allow the

transducer to access the data tracks, sai-rd’7actuator qorprisTng a Torwafd
portion for Supportinig said central port ion rotatablly supported by an

i onal shaft th d port
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dat a nomansuspen5|on for connecting said slider to said actuator:

support neans for orting said spindle shift and actuator

atpPeast one limt? € d%ff%ﬁﬂ%ﬁﬁé“ﬁﬁ:géﬁ&‘@ubﬁ@Pt‘Héhh@mpﬁﬂxVHﬂﬂ%LW@ wuder
sides of sai dut-sahaged rearward portion of said actuator said limt stop
further conprising a carrier strip extending along a central axis of said
linmit stop and a | PRIUEEALOF Gifaeying Hnﬁd§a#ﬂtwﬂrﬂwbﬁhsmfﬂmu“sékdthm1MQnthu
further Conpru'aﬁlcﬂlguarb i {1@&[ tﬁ@r@n U‘?h@@x sald QU@u%Y' L%%ﬁ)lﬁ @Skl 4%1\(”3 b fion apn
thin outes shell formed of a plastic material conupl sur'att'n

t he 13 ‘“I‘m\"m hod Limmlrmmmlacthmnlplmg»uama:dtluau mmlaimnml txth’[ dpoﬂ‘t;__df h-amnus
magneti c stor S providing a carrier frame having a first
sugport neaﬁggqa ﬁ% K édnh"dgmuonneans and a pluraliy of carrier strips
ext endi ng bet ween sai duﬁmmsis mndiuls doomptoppordata rRENSom and wrilRhaei ng sahd
carrier frane ”nto a nold so that a visco-elastic core may be formed about
each of said¢aitier strips; nol ding a visco-elastic materia

about each of sai d sa@ichiion f@toohPetihg sdi@kiicrs@bdd aMugep- el astic core;

pl acing said carrier frame having mol ded visco-el astic core into a second
mold to forma nalﬁ“%bﬁvnbﬁ“é%rﬂmPWHP¥“§96WﬁML“m”“md“U%%¢UHW§ a plastic

material about sai di Rasfdn@NinGl §bPatachh PR ¥ i8 IGHRM MBuSHhinMlSEButer sides of

said v-shaped rearward portion of said actuator. said limit stop further comprising a carrier

strip extending along a central axis of said limit stop and a limiter formed around said
carrier strip. said limiter further comprising an inner core molded rom a visco-clastic
material and a thin outer shell formed ol a plastic material completely encapsuiating the

Inner core.

I3 A method for manufacturing an actuator limit stop for a magnetic storage svstem
comprising:

providing a carrier frame having a first support means. a sccond support means.
and a plurality of carrier strips extending between said first and second support means:

placing said carrier frame into a mold so that a visco-clastic core may be lormed
about cach of said carrier strips;

molding a visco-clastic material about cach of said carricr strips to form said
visco-clastic core:

placing said carrier frame having molded visco-clastic core into a second mold to
torm a main body of said limit stop:

molding a plastic material about said carrier strips. thereby enclosing said viseo-
clastic core and forming said main body of said limit stop: and

removing said carrier strips from said carrier frame.



PLAUEMEN L D12t
stop: and
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hal f - cyllndrlcally shaped plastlc shell had¥ing a firgt end, a second-—-&nd,
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cylindrical lapnghaped plastic shel | such that Said pin rests along an edge

of the shell extending. froms first ov sai |l ow portion and 10
Sai d second end ‘““”q““"‘VWES@EFHP@“%“MYgb@“@?%@%ﬁg“ﬂﬁ?é?%aﬂ““h?b*§a+ﬂ“w
h0||OM/CenteﬁmeRF\Q&§“&@@ﬁL‘WM“O“ sealing said first plastic shell to

sai d second plastic shel
providing a second half: ~cylindrically shaped plastic shell having a first end.

second end. and a hollow center portion:

placing a limit stop pin into said first halt evlindrically shaped plastic shell such
that suaid pin rests along an edge of the shell extending from said tirst end over said hollow
portion and o said sceond end;

inserting a visco-clastic material into said hollow center portions: and

sealing said first plastic shell to said second plastic shell.
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HIGH PERFORMANCE DISK DRIVE LIMIT STOP EMPLOYING
ENCAPSULATED VISCO-ELASTIC
ABSTRACT !

A limit stop (60) for a magnetic storage system having a combination of visco
elastic inner core (68) and a thin walled outer shell (69) enclosing the visco-elastic
material (68), and a method of manufacturing the same. The thin wall is hermetically
sealed to isolate the inner core material (68) and eliminate the possibility of
contamination to the disk drive interior. The visco-elastic inner core (68) has the
prbperties of very good energy dissipation, while the outer shell (69) provides high

dimensional control and stability.

Fig. 3



