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The present application is a conﬁnuation-in-bart of US application serial number
07/611,412, filed November 9th, 1990, incorporated herein by reference.

The present invention is generally directed to disc storage systems, and more
particularly to, but not exclusively to, a limit stop for preventing an actuator carriage
from moving beyond predetermined stop positions in either direction of motion. The
present invention is also directed to a magnetic latch provided with the limit stop.

In a hard or floppy disc drive system, a read/write head or transducer is moved
across a data storage track so as to be positioned over a selected one of the large number -
of substantially circular, concentric tracks on which data is recorded and/or reproduced.
The transducer is mounted on an actuator so as to be positioned in response to control
signals transmitted to the actuator. The actuator carriage used typically moves in rotary
fashion to move the transducer radially across the disc surface from the innermost track
to the outermost track.

In most hard disc drive systems, a plurality of discs are stacked ‘on a spindle, and
a corresponding plurality of magnetic heads are used to read and/or write data on each of
the surfaces of the discs. The magnetic heads fly over the surface of the discs on an air
cushion generated by the rapid rotation of thé discs themselves. When power is turned
off, the disc slowly spins down to a stop, and the actuator carriage is driven or
mechanically biased to move the magnetic heads to an information-free parking or
landing zone on which they may rest without destroying information, which is recorded
only in other areas of the discs. Typically, the actuator carriage brings the heads quickly
to the parking zone in the case of error or a loss of power, and generally a crash stop is
provided to prevent further movement of the actuator carriage once it reaches its stop

position. The crash stop is conventionally in the form of a pin which may or méy not be
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fashign toe move the transducer radiall y across the disc surface fromthe
rnonernmost track to the outernost track. In nost hard disc drive systens, a
plurality of discs are stacked on a spindle, and a corresponding plurality
of magnetic heads are used to read and/or wite data on each of the
surfaces of the discs. The nagnetic heads fly over the surface of the discs
on an air cushion generated by the rapid rotation of.the discs thensel ves.
When power is Qivercthe atlativaliramdll sizes bHdisy deipes) fordexampletoeread apd waitel onlae
actuator carriage is driven or nechanically biased to nove the magnetic
heads to &3.3mmandddiDmni (28 apdk8-inghpdist drive,riy) i significantipactofi the desigy r est
wi t hout destroying information, which is recorded only in other areas of
t he di scsof saflrive tor precisely pasition gher actuaier qartiaggat thessteppesitioufekl y to the
par ki ng zone, in the case of error  or a |oss ofTﬁ)_ovver , . and geper al tlex a crash
stop is munimise the area of information-free parking zone. This zone is essentially wasted disc
surface space, since no information can be recorded thereon. This parking zone is
normally located inside the innermost data recording track on the disc. Another
positioning consideration is that a crash stop must be located at the opposite end of the - -
path of travel of the rotary actuator. As the actuator seeks from track to track, it
accelerates and decelerates very quickly. It would be extremely damaging to the
transducer heads for the transducer to be inadvertently moved off the edge of the surface
of the disc.
A further problem with prior art forms of crash stops is that they have relied on a
rubber pad or rubber coating to cushion the impact of the actuator arm upon the crash
stop. However, rubber causes stiction which can hold the arm after impact, such that the
~ voice coil motor cannot recover the arm's mobility. This is a major problem in
miniature disc drives having voice coil motors (VCM's) with reduced torque.
Once the actuator carriage has been moved to its rest position abutting the crash
stop, with the transducer now located over the parking zone on the disc surface, it is
frequently desirable to latch the actuator carriage or hold it in place, for example, when
the disc drive is being moved, so that the heads will not move from the parking zone.
This is important because the heads are essentially resting on the surface of the disc in
the parking zone, and could be damaged if caused to slide across the surface of the disc. |
" The latch itself has to fit and function within the strict design tolerances of the disc drive
system. It is undesirable to use a solenoid to actively hold the actuator, since this would
require a constant current, and therefore a constant drain on a battery or other power
source. The design must also take into account the fact that the actuator carriage is

heavy relative to the latch, and will therefore exert some force on the latch when the disc

drive is tilted or shaken during movement.
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Steglp(\:]gog}c Y"ﬁ"??ﬁ "{‘i’IBISqCﬁtﬂ?r' @/@éf%&&%ﬁ@feﬁfplqeﬁpsmrwmr ee parking zone. This
zone 1's It is another object of the present invention to provide a limit stop for a disc drive
actuator in which the stopping forces applied to the actuator are not absorbed within the
actuator itself.
It is still another object of this invention to provide a rotary disc storage system
and limit stop apparatus co-operating therewith which stdps the actuator carriage at a
precisely set position, thereby positioning the transducers precisely relative to the disc

landing zone.

In accordance with an aspect of the present invention, a limit stop is provided in a
disc storage system having a rotary actuator mounted for travel about an axis adjacent to
a rotating disc, and having an arm supporting a transducer over the surface of said disc
and a motor element support extending opposite to said arm from said rotary support
axis. A limit stop to limit the extent of movement of the motor element support is
mounted on the base of the housing. The limit stop comprises a fixed portion mounted
to the housing base, and a cantilevered portion mounted to define the limit of travel of
the motor element support, .said extended portion being connected to the fixed portion by
a thin connecting throat which flexes under impact by the motor element. The fixed
mounting base, thin connecting throat, and extended cantilevered element form
essentially a U-shaped element having a defined gap across the base of the "U", the gap
defining the amount of flexibility in the limit stop, the flexibility being adapted to allow
for absorption of the energy of the moving actuator arm, while causing the arm to rest
against the surface of the limit stop with the transducer resﬁng on the surface of the disc.

In accordance with a further aspect of the invention, a second limit stop is
mounted at the opposite end of the path of travel of the motor element of the rotary
actuator, whereby the actuator arm is prevented from moving so far as to allow the
transducer heads to travel beyond the surface of the disc.

In a further aspect of the present invention, the limit stop may be adapted tobea

magnetic latch by defining an aperture within the extended, cantilevered portion and
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These objects and features of the present invention will become more apparent
from the following detailed description of a preferred embodiment given in connection
with the accompanying drawings; of which:

Figure 1 is a plan view of the disc drive of the present invention generally
illustrating the relative placement of the disc, actuator, and limit stops ef this invention;

Figures 2A and 2B are a perspective view and top plan view respectively of the
limit stop of the present invention; _

Figure 2C is an exploded view of the limit stop adapted to incorporate a magnetic
latch; .

Figure 2D is a tbp plan view of the device of figure 2C;

Figure 3 is a top plan view of motor element support portion of the actuator arm
which co-operates with the limit stop of the present invention; and

Figures 4A, 4B and 4C are top plan views of the limit stop of the present
invention showing its co-operative relationship with the motor support of figure 3.

Referring now to the drawings and initially to Fig. 1 thereof, the present
invention will be described in the context of a hard disc drive incorporating a rotary head
actuator carriage. The present invention will be described both relative to its use as a
limit stop without incorporating any magnet, and as modified to incorporate a magnet to
function as a magnetic latch.

As shown in figure 1, the hard disc system 110 has an outer envelope comprising
upper cover 111 and base cas.ting 108 in which a nurhber of discs 100 are located; means
for rotating the hard disc 100 are ihcorporated within or located beneath the base housing
casting 108. The disc or discs are held in place on the hub of the spindle motor which
comprises the rotating means by a clamp 102. The data on the circumferential tracks

(not shown) of the rotating disc 100 is accessed using actuator 106 which is mounted for
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wou casting and glued to a pole piece (not shown), a second pole piece 128 is provided

which, in this example, is supported from the cover portion 111 of the housing. The
magnet co-operates with the coil 124 to selectively cause the actuator 106 to move the -
transducer 112 from track to track. .Control signals to cause this selective movement are
received over cable 130 from control interface 132.

In response to the control signals received over cable 130, the actuator carriage
106 is pivotable about the support axis 118 in either clockwise or counterclockwise
directions as shown by double-headed arrow "X". As the actuator moves, the transducer
112 is moved from an outermost data track T2 to an innermost data track T1. Actuator
motor 140 is advantageously driven in response to an error condition or the termination
of power to disc drive system 110 to move the actuator carriage 106 to an extreme or
stop position so that the transducer 112 is positioned at either the inner or outer
circumference of the disc 100 over an information-free landing or parking zone where no
data is recorded. This zone is typically either outside of the outermost data track T2, or
inside of the innermost data track T1. In the illustrated embodimént, the parking zone
150 is located at the inner circumference of .the disc 100.

As is conventional in hard disc drive systems, the transducers 112 normally fly
over the surface of the discs on an air cushion created by the rapid rotation of the disc
when the spindle motor located beneath the disc is operative. The transducer comes to
rest on the surface of the disc, typically in the landing zone 150, when the disc drive
system is powered down either through the intentional termination of power or in
response to a detected error condition. The parking zone 150 is defined to provide an
area on which the heads or transducers 112 may safely rest without damaging any
information recording afea. However, the existence of this zone inherently reduces the

area on which the surface of the disc on which data may be recorded, and so it is



e

require a constant current, and therefore a constant draiqy; eg.b ttery or
ot her power source. The design nmust also take into account e ced
'the actuator carriage is heavy relative to the latch, and H' ”

exert sone force on the latch when the disc drive is tilte

during nmovenment. WO A-92/01283 di scl oses al so such a magnetic latch for
parking the head at the inside part of the disc, said latch acts also as a

Chehycoghv it oy o e UL i 120 by bl sinstict
within this zone as precisely as possible.

Although a braking circuit may be provided to bring the carriage to rest with the
transducer 112 over the parking zone 150 in response to error or power termination
conditions, it may happen that other conditions prevent the accurate functioning of the
breaking circuit or cause the actuator to overshoot either the innermost or outermost data
track of the disc. Therefore, a mechanical crash stbp is provided for physically
preventing the pivoting of the carriage 106 beyond its targeted stopping position in order
to protect the transducer 112 from either contacting the support spindle-for the discs or
overshooting the outer edge of the disc. These crash stops, designated 170 for the crash
stop which stops the heads adjacent the landing zone at the inner circumference of the
track and 172 for the stop, which prevents the actuator from overshooting the outer edge
of the disc, are positioned adjacent the edge of the base housing and supported from that
housing in a manner which will be disclosed in detail with reference to the following
figures. It can Be seen that the stops are positioned to contact the edges of the coil
supporting fork 122 of the rear extending portion of the actuator arm. This coil
supporting fork 122 is a sturdy portion of the actuator arm, and may in fact be tailored in
design to co-operate with the crash stop of the present invention.

The structure of the crash stop for the miniature disc drive of the present
invention is shown in figures 2A, 2B, which is a top plan view of the crash stop, figure
2C which is an exploded view, and 2D which is an assembled view of the crash stop
used both merely as a crash stop and modified to form a magnetic latch. This will be
discussed in relation to figure 3 which shows the rear portion of the actuator arm where
the coil is supported, and then figures 4A, 4B and 4C which show the operating
relationship between the rear of the actuator arm and the crash stop.

The crash stops 172, 170 provide a means for stopping the movement of the
actuator arm 106 in a gradual fashion without a sudden crashing impact with an inelastic
crash stop. The crash stop elements are preferably constructed from a flexible plastic

material such as an ester-based polyurethane. However, other materials may function
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P top view of figure 2B, the hole 206 through which a screw is inserted is clearly apparent.

It may be preferable to insert a sleeve 208 in this hole in the base support (figure 2C) in
order to further support this hole; and be sure that no deflection of the crash stop relative
to the base can occur with repeated impacts by the actuator.

The illustration of figure 2B is also critical in showing the width of the gap 210
between the cantilevered beam portion 200 and the base support portion 204. This gap is
set by wedging the crash stop behind a post schematica.lly represented in figure 2B as
post 214 which extends up from the base of the housing casting. This post can be very
precisely set, since it is incorporated in the base casting, so that the gap 210 can be set in
this case, for exdmple, at 0.23mm -+ 0.05mm (0.009 inch + 0.002 inch) by wedging
the stop behind the post and tightening the screw 250 (figure 4A) to fix the stop in place.
By taking this approach, the crash stop incofporates a stepped 'elasticity which begins to
take effect when the rear portion 122 (figure 3) and specifically the crest 230 of that rear
portion impacts the cantilever element of the crash stop.

Referring to figures 4A, 4B and 4C, it can be seen that, as the coil support 122
carrying coil 124 approaches surface A of the crash stop 170 the gap is at a preset width.
When the coil support arm 122 contacts the cantilever arm 200, the cantilever arm pivots
by flexing the connecting neck 202 whi;':h, as shown in figure 24, is thinner than thé
cantilevered portion, thereby slowing the speed of the extended arm. Then, as shown in
figure 4C, the extended or cantilevered beam 200 contacts the base 204. A protrusion
240 which may be provided, either on the base 204 as shown in figure 4C or around the
cantilevered portion 200 as shown in figure 2B, thereby establishing the spring constant
to essentially the compressivity of the plastic material and quickly slow the coil support
arm motion to a stop. This two-step process reduces the potential harm to the actuator
assembly which can result from using a fixed solid crash stop. Typically, subsequent to

the final step shown in ﬁgure 4C, the cantilevered beam with the arm now resting against



di sc storage system having a rotary actuator nounted for srs’%v
axis adjacent to a rotating disc, and having an armsupp
.over the surface of said disc and a notor el ement support

opposite to said armfromsaid rotary support axis. A li
the extent of novenment of the notor el egent support is rmunt ed on the base
of the housing. The limt stop conprises a fixed portion mounted to~the

housi ng bﬁ%emmtﬁeﬁﬁa@fbm S&ﬂld?loghbw ten gﬁuedgaﬁ)ml liskkdq of

travel of the notor pport i on bel ng connected

to the fi yadrmrd 8o wcmstdaﬁﬁeeeprtﬁ&aisaﬂcéﬁbﬁ%ewdmtslt@m&m i mpact
by the notor elenent. The fixed nbunting base, thin connecting throat, and

extended contact!250€(figarecd Byt tHeadistamsesfesrhithe pivot118 hthpetinsduese b2 Whichng a
defined gap across the base of the "U', the gap defining the anpunt of

f 1 exi bi | i ityis idesitedetolcanset tosome, totrést ohllanding koreyl30ei By setting this! gapapmbisds;v for
absorption ofthe energy ofthe
to reflect the design of the balanced actuator arm, the positioning of the head over the
landing zone can be very precisely defined so that the loss of data area is minimised.

It should be noted that the preloading of the cantilevered beam is very important,
especially if you have a runaway condition where the arm contacts the crash stop at a
high speed. The fact that some force is already being applied to the cantilevered beam
by virtue of it being preloaded to diminish the relaxed gap width 210, is of significant
benefit in rapidly slowing and controlling the impact of the fast-moving arm. The spring
constant of the crash stop is primarily controlled by the thickness of the connecting neck
or throat portion 202, especially in the region marked "B" in figure 4.

| It is also important to note, as appears from figure 2C and figures 4A, 4B and 4C
that, while deﬂection of the beam portion in response to the striking arm is highly
desirable, any deflection in the "Z" axis, that is relative to the base, would be highly
undesirable. It is for this reason that the sleeve 208 is incorporated in the hole in the
base region so that the screw 250 which connects the base region to the base of the
housing can be tightened down against the steel or aluminium sleeve rather than against
the material which forms the base region itself. A potential alternative would be a
reinforced plastic liner on the interior of the opening 206 against which the screw head
could be tightened.

Finally, it should be apparent that the crash stops are essentially symmetrical
along the path, at the inner and outer range of movement.

Turning next to figures 2C and 2D, and to the lefthand portion of figure 3, a
potential modification of the design to incorporate a magnetic latch is described. The
cantilevered beam is modified and its width may be slighﬂy extended to define an |
opening 260. Then a magnet 262 surrounded by two pole pieces, a straight pole piece
264, and a bent pole piece 266, are assembled, inserted in the opening, and fastened in
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the'limt stop with the transducer resting on the surface ' n
raccordance with a further aspect of -the invention, a seco | H{jﬂﬂl S
nounted at the opposite end of the path of travel of the f
the rotary actuator, whereby the actuatgr armis prevented from nmoving. so
far as to allow the transducer heads to travel beyond the surface of the
di sc. |1 n gateitjpially3naRPadhesive, a§£lﬁ%‘?ﬂhﬁ YED, Ofhis iii@néti 260! 2630648y be
adapt ed tgl be “a m_agnetic [ at c’hhgy efi ni nggﬁan apertur egwithi h the extended,
canti | evep@6ico-opérares withta ferrous metal striker 230 (figure 3) which is incorporated in the
rear crest region of the coil support arm 122, As the coil support arm reaches the crash
stop, impacts it and is brought to a rest, the gap between the striker 230 and the magnet
260 is closed, and the arm is captured and held in place. |
The combination of the magnetic latch and the transducer load upon the disc 100,
ie, approximately 5.0 grams, will reduce the lateral motion of the transducers across the
disc surface while the drive is not operating.
The aforegoing description has been given as an example only and a person

skilled in the art will appreciate that modifications may be made without departing from

the scope of the present invention.
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the relative placenent of the disc, actuator, and limt stops of this ,
I nvention; Figures 2A and 2B are a perspective view and top plan view

respectiveély ofA lilnit stop (170, 172) in a disc drive system (110) having an actuator (106)
movable on a rotary path, the limit stop characterised by comprising a base (264) for
fixing the position of the limit stop relative to the actuator, and a cantilevered arm (200)
connected by a throat (202) to the base, the cantilevered arm facing the moving actuator
for contacting and slowing or. stopping the movement of the actuator and being spaced
from the base by a gap (210) and movable by the actuator into contact with the base to
stop the movement of the actuator when the gap is closed.

2. A limit stop as claimed in claim 1, in which said limit stop is formed of

polystyrene. |

3. A limit stop as claimed in claim 1 or 2, in which said throat connecting said base

and said cantilevéred arm is of narrower cross section than said cantilevered arm in order
 to provide a flexible connection to establish a spring force for restraining movement of

said cantilevered arm. |

4. A limit stop as claimed in any one of claims 1 to 3, in which said cantilevered

arm includes a protrusion (240) on a surface thereof opposite a surface (A) facing the

actuator and adapted to impact the base as said cantilevered arm is moved by contact

with said actuator, whereby a defined stopping force is applied to said actuator.

5. A limit stop as claimed in any one of claims 1 to 3, in which said base comprises

a protrusion (240) facing a rear surface of said cantilevered arm opposite a surface (A) of

the cantilevered arm facing said actuator, whereby a defined force is applied to

movement of said actuator as said connecting throat is flexed by contact of said actuator

with said cantilevered arm.

6. A limit stop as claimed in any one of the preceding claims, in which said stop

further includes a magnetic latch (260, 262, 264, 266) incorporated in said cantilevered

arm for contacting and holding said actuator against said cantilevered arm. _

7. A limit stop as claimed in claim 6, comprising an aperture (260) defined in said

cantilevered arm and a magnet (262) and pole piece (264, 266) incorporated within said
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actuator carriage. The present invention Will be describéd both relative to
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- 8. A disc storage system (110) comprising at least one disc (100) mounted for
rotation within a housiﬁg (108, 111), said housing comprising upper and lower members,
said lower members (108) supporting an actuator (106) for rotational movement about. a
fixed pivot (118), rotation of said actuator positiohing a transducer (112) supported at ~
one thereof over the or a respective disc, characterised by a limit stop (170, 172)
mounted adjacent the end of the path of travel of the coil supporting end of said actuator,
said limit stop comprising a base (204) for fixing the position of the limit stop relative to
the actuator, and a cantilevered arm (200) connected by a throat (202) to the base, the
cantilevered arm facing the actuator for contacting and slowing or stopping the
movement of the'actuatoi and being spaced from the base by a gap (210) and movable by
the actuator into contact with the base to stop the movement of the actuator. |
9. A disc storage system as claimed in claim 8 having a 11m1t stop és claimed in any
one of claims 2 to 7. |
'10. A disc storage system as claimed in claim 8 or 9, including means (214) on said
housing for fixing the position of said limit stop comprising a first shim (214) pressing
against an outer surface of said cantilevered arm opposite said base of said limit stop, in
order to establish the defined gap (210) between said cantilevered arm and said base
wherein said connecting throat of said limit stop is partially flexed and the gap between
said cantilevered arm and said base is less than a gap when said connecting throat is not

flexed, whereby a predetermined force counteracting movement of said rotary actuator is
defined.
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LIMIT STOP AND MAGNETIC LATCH IN A DISC STORAGE SYSTEM

A limit stop 170, 172 is provided in a disc storage system having a rotary
actuator 106 mounted for travel about an axis 118 adjacent to a rotating disc 100, and
having an arm 114 supporting a transducer 112 over the surface of said disc and a motor
element support 122 extending opposite to séid arm from said rotary support axis. A
limit stop to limit the extent of movement of the motor element support’is mounted on
the base 108 of the housing 110. The limit stop comprises a fixed portion 204 mounted
to the housing base, and exfended portion 200 mounted to define the limit of travel of the
motor element support, sa1d extended portion being connected to the fixed portion by a
thin connécting portion 202 which flexes under impact by the motor element. The fixed
mounting portion, thin connecting portion, and extended portion form essentially a U-
shaped element having a defined gap 210 across the base of the "U". The gap defining
the amount of flexibility in the limit stop. The flexibility being adapted to allow for
absorption of the energy of the moving actuator arm, while causing the arm to rest
against the surface of the limit stop with the transducer resting on the surface of the disc.

The extended portion may also include a magnetic latch 260.

Figure 1.



S rotation about a fixed axis 118, typically supported fromthe base :

casting. The actuator 106 includes an arm portion 115, stupport+hga—flexure
114, which in turn supports a transducer 112. The oppomtf%gggého

of the
actuator armfromthe pivot 118 conprises a fork 122 suppo i cpfoed -
A first magnet 126 is typically supported on-the base castLEun u 0
a pole piece (not shown), a second qzﬁe pi ece 128 is provi
this exanple, is supported fromthe €Cover portion 111 of the housing. The
magnet co-operates with the coil 124 to selectively cause the actuator 106
to nmove the transducer 112 fromtrack to track. Control signals to cause
this selective novenent are received over cable 130 fromcontrol interface

132. In response to the control signals received over cable 130, the

actuator carriage
ﬂ

- FIG. 1




106 is pivotable about the support axis 118 in either clockw se or

countercl ockwi se directions as shown by doubl e-headed arrow "X AS the
actuator noves, the transducer 112 is noved from an out er nG$s SRRt Has Beaa®epldodd

to an innernost data track T1l. Actuator notor 140 is advanta
in response to an error condition orzz e termnation of powe e
system 110 to nove the actuator carriage 106 to an extrene o n

so that the transducer 112 is positioned at either the inner or outer
circunference of the disc 100 over an information-free |anding or parking
zone where no data is recorded. This zone is typically either outside of
the outernost data track T2, or inside of the innernost data track T1. In
the illustrated enbodi ment, the parking zone 150 is |ocated at the inner .
circunference of the disc 19f) As is conventional in hard disc drive
systens, the transducers 112 normally fly
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over the surface of the discs on an air cushion created by the rapid

rotation of the disc when the spindle notor |ocated beneath the disc is
operative. The transducer cones to rest on the surface of Hh@sﬁkﬁﬁmemRﬁimai

typically in the | anding zone 150, when the disc drive syst.

down either through the intentional term nation of power oret

a detected error condition. The parking zone 150 is defined rovi de an
area on which the heads or transducerg/412 may safely rest w thout damaging
any information recording area. However, the existence of this zone

i nherently reduces the area on which the surface of the disc on which data
may be recorded, and so it is . :

FIG. 3



6 advantageous to nmininise the area of the parking zone 150 by stopping the
t rdnsducer within this zone as precisely as possible. Al THOSHIA Has BleRKl 4
circuit may be provided to bring the carriage to rest w

112 over the parking zone 150 in response to error or pow%mmg!wl m
conditions, it may happen that other conditions prevent t

functlonlng of the breaking circuit or cause the actuator to overshoot
either the innernost or outernost data4fqdack of the disc. Therefore,
mechani cal crash stop is provided for physically preventing the pIVOtIng of
the carriage 106 beyond its targeted stopping position in order to protect
the transducer 112 from either contacting.the support spindle for the discs
or overshooting the outer edge of the disc.TVhese crash stops, designated
170 for the crash : L -

&l

s /o k21—
A

FIG. 4A
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TS'GETS SG
stop V\:hl ch stops the heads adjacent the | and R%%IEAC qiﬂ?ﬂn 8h paged q
citcunference of the track and 172 for the s{o ,, @tt & md‘
actuat or from overshooting the outer edge of {t 'S(fu ?q ,Etr

adj acent the edge of the base housing and supp '@d‘? e{g X TPULI:
manner which will be disclosed in detail wt W@n%e to“dr 8I?dw (g
figures. It can be seen that the stops ake pgsitioned to cont qqtg edges
of the coil supporting fork 122 of the rear ¢xDATH QF FEATBR .o t-he-
actuator arm This coil supporting fork 122 is a“sturdy portion of the
actuator arm and may in f@b&SHSMMMAGNB&‘BGM’RGHﬁO-Operﬁt etvm tp t he
crash stop of the present (nveatl C of the crash stop for
the m ni altoure di scpdri ve o%@%@ﬁﬁﬁb&b&%@éghom in figures 2A,
2B, which is a top plan view of the crash stop, figure 2C which is an

expl oded view, and 2D which is an assenbl ed'view of the crash stop

The present invention is generally directed to disc storage systems, and more
particularly to, but not exclusively to, a limit stop for preventing an actuator carriage
from moving beyond predetermined stop positions in either direction of motion. The

__ present invention is also directed to a magnetic latch provided with the limit stop.

C\ o Ina hafd or floppy disc drive system, a read/write head or transducer is moved
across a data storage track so as to be positioned over a selected one of the large number
of substantially circular, concentric tracks on which data is recorded and/or reproduced.
The transducer is mounted on an actuator so as to be positioned in response to control
signals transmitted to the actuator. The actuator carriage used typically moves in rotary .
fashion to move the transducer radially across the disc surface from the innermost track
to the outermost track. _

In most hard disc drive systems, a plurality of discs are stacked on a spindle, and
a corresponding plurality of magnetic.hw.ds are used to read and/or write data on each of

the surfaces of the discs. The magnetic heads fly over the surface of the discs on an air

cushion generated by the rapid rotation of the discs themselves. When power is turned
off, the disc slowly spins down to a stop, and the actuator carriage is driven or
mechanically biased to move the magnetic heads to an information-free parking or
landing zone on which\ they may rest without destroying information, which is recorded
only in other areas of the discs. Typically, the actuator carriage brings the heads quickly
to the parking zone in the case of error or a loss of power, and generally a crash stop is
provided to prevent further movement of the actuator carriage once it reaches its stop

position. The crash stop is conventionally in the form of a pin which may or may not be
preloaded. GB-A-2 170 346 discloses such a crash stop wherein the actuator is

stopped by a preloaded leaf spring attached to the housing of the disc drive.
This is the replacement sheei

Date: 19 APR. 833

dafg| —



uséd both nmerely as a crash stop and nodified to forma nmagnetic | atch.
This wikl be discussed in relation to figure 3 which shows the rear portion
of st he -actuator armwhere the coil is supported, and then figures 4A, 4B
and 4C whi ch show t he operating relatiogghip bet ween the rear of the
actuator armand the crash stop. The crash stops 172, 170 provide a neans
for stopping the novenent of t he actuator arm 106 in a gradual fashion

I Lout . sUSon o Rkt e 08 ey oISl B, O
such as an wsiteon aasédnmdngusgtmm(e 5 dridvie8-irtch) disé\drive)ittie aisipnifidamypdrtinct i on
This is t heof B8 ldesxgnngP Ehe%hsc%tnve to precisely position the actuator carriage at the stop

position to minimise the area of information-free parking zone. This zone is

essentially wasted disc surface space, since no information can be recorded thereon.

This parking zone is normally located inside the innermost data recording track on the

disc. Another positioning consideration is that a crash stop must be located at the

opposite end of the path of travel of the rotary actuator. As the actuator seeks from
" frack to track, it accelerates and decelerates very quickly. It would be extremely

damaging to the transducer heads for the transducer to be inadvertently moved off fhe o

edge of the surface of the disc.

A further problem with pnor art forms of crash stops is that they have relied on’

a rubber pad or rubber coating to cushion the impact of the actuator arm upon the
crash stop. However, rubber causes stiction which can hold the arm after impact, such
that the voice coil motor cannot recover the arm's mobility. This a major problem in
miniature disc drives having voice coil motors (VCM's) with reduced torqué. |

WO-A-92/01283 discloses such a disk drive having a rubber sleeve provided on a
support post for stopping the actuator before it reaches the outside periphery of the disc.

Once the actuator carriage has been moved to its rest position abutting the crash
stop, with the transducer now located over the parking zone on the disc surface, it is
frequently desirable to latch the actuator carriage or hold it in place, for example, when

E '  the disc drive is being moved, so that the heads will not move from the parking zone. This

is important because the heads are essentially resting on the surface of the disc in the
parking zone, and could be damaged if caused to slide across the surface of the disc. The
latch itself has to fit and function within the strict design tolerances of the disc drive
system. It is undesirable to use a solenoid to actively hold the actuator, since this would
require a constant current, and therefore a constant drain on a battery or other power
source. The design must also take into account the fact that the actuator carriage is heavy
relative to the latch, and will therefore exert some force on the latch when the disc drive is
tilted or shaken during movement. WO-A-92/01283 discloses also such a magnetic latch
for parking the head at the inside part of the disc, said latch acts also as a crash stop

toward the inside diameter of the disc.
This is the replacement sheoe.
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75just- as well. As depicted in the views 2A through 2D, and referring
especially to the perspective view of figure 2A, the crash stop is
conprised of a cantil evered beam 200 connected by a thinner connecting neck
202 to a base support 204. Referring ne?t to the top view of figure 2B, the
hol e 206 through which a screwis inserted is clearly apparent. It may be
preferable to insert a sleeve 208 in this hole in the base support (figure

2C) in order to [fidfahBjectofitYréseht thfenfith & HOAIOS dibe'dfve sicthgd Wysff | ection of
the crash stop relative to the base can occur with repeated i'npacts by the

act uat or . Thich avoidsitheahoyerdescribeddifficulties pfthepder ki ti cal in showi ng the
wdth of the gany 210 el MEandlentatt bhaeh oAl ANt hr 28 lilvd e Dase

support portion Ss'gap 15
actuator in which the stopping forces applied to the actuator are not absorbed within the
actuator itself.

It is still another object of this invention to provide a rotary disc storage system
andﬁnﬁtmnpappmanmcommemﬁngﬂun@wﬂhvﬂﬁd:mnpsﬂmanancauhggaia
precisely set position, thereby positioning the transducers precisely relative to the disc
landing zone. These objects and others are achieved by a limit stop as defined in claim -
1 and dependent claims 2 to 7, and a disc storage system incorporating such a limit |

€ stop, as defined in claims 8 and 9. | |

In accordance with an aspect of the present invention, a limit stop is provided in a
disc storage system having a rotary actuator mounted for travel about an axis adjacent to a
rotating disc, and having an arm supporting a transducer over the surface of said disc and
a motor element: suhport extending opposite to said arm from said rotary support axis. A -
limit stop to limit the extent of movement of the motor element support is mountéd on the
base of the housing. The limit stop comprises a fixed portion mounted to the housing
base, and a cantilevered portion mounted to define the limit of travel of the motor element
support, said extended portion being connected to the fixed portion by a thin connecting
ﬂnbarwhkhikmesmmk&hnpmibyﬂnnnokwehnmmtTheﬁxainmmmﬁngbmw,ﬂﬂn
connecting throat, and extended cantilevered element form essentially a U-shaped element

Q " © having a defined gap across the base of the "U", the gap defining the amount of flexibility =
' in the limit stop, the flexibility being adapted to allow for absorption of the energy of the
moving actuator arm, while causing the arm to rest against the surface of the limit stop
with the transducer resting on the surface of the disc.

In accordance with a further aspect of the invention, a second limit stop is
mounted at the opposite end of the path of travel of the motor element of the rotary
actuator, whereby the actuator arm is prevented from moving so far as to allow the
transducer heads to travel beyond the surface of the disc.

In a further aspect of the present invention, the limit stop may be adapted tobe a
magnetic latch by defining an aperture within the extended, cantilevered portion and

This is the 'replaceme,nt sheet
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set by wedging the crash stop behind a post schematically represented in
figure-2B as post 214 which extends up fromthe base of the housing
casting. This post can be very precisely set, since it is incorporated in
t he base casting, so that the gap 210 can be set in this case, for exanple,
at 0.23mm + 0.05nmm (0.009 inch + 0.002 irMch) -by wedging the stop behind
the post and tightening the screw 250 (figure 4A) to fix the stop in place.
By tal dng idcotpomtingommiagnativdthin dehextended iportionpwhizh ds shielded firoml directstontact y
whi ch begins to take effect when the rear portion 122 (figure 3) and

speci f i cal Wthtthe materelement syppart by the-plasticnfi the extengedcpartionesa: that whew the

el ement of the ¢rash st{.op. eferring.to figures 4A 4B and 4C, it can be
seen t hat , Mo @nwisrnlsea;slpf?mutlsm gamnwrsdeeime@%%bas&mﬂ@m e A
of the cragh st 170 the gap is at a preset width. When the coil support
arm 122 co ?‘ﬁ%f’gﬂﬁ{aa@& tilever arm 200, the cantilever arm pivots

These objects and features of the present invention will become more apparent

from the following detailed description of a preferred embodiment given in connection
with the accompanying drawings; of which:
Figure 1 is a plan view of the disc drive of the presént invention generally
illustrating the relative placement of the disc, actuator, and limit stops of this invention;
C C 'Figures 2A and 2B are a perspective view and top plan view respectively of the
| limit stop of the present invention;
Figure 2C is an exploded view of the limit stop adapted to incorporate a magnetic
latch; _
Figure 2D is a top plan view of the device of figure 2C;
Figure 3 is a top plan view of motor element Support portion of the actuator arm
which co-operates with the limit stop of the present invention; and
Figures 4A, 4B and 4C are top plan views of the limit stop of the present
invention showing its co-operative relationship with the motor support of figure 3.
g { ( | Referring now to the drawings and. initially to Fig. 1 thereof, the present
) invention will be described in the context of a hard disc drive incorporating a rotary head
actuator carriage. The present invention will be described both relative to its use as a
limit stop without'incq_rporaﬁng any magnet, and as modified to incorporate a magnet to
function as a magnetic iatch. |
As shown in figure 1, the hard disc system 110 has an outer envelope comprising
upper cover 111 and base casting 108 in which a number of discs 100 are located; means
for rotating the hard disc 100 are incorporated within or located beneath the base housing
casting 108. The disc or discs are held in place on the hub of the spindle motor which
comprises the rotating means by a clamp 102. The data on the circumferential tracl_cs

(not shown) of the rotating disc 100 is accessed using actuator 106 which is mounted for
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by flexing the connecting neck 202 which, as shown in figure 2A, is thinner
than thke cantil evered portion, thereby slowi ng the speed of the extended
arm Then, as shown in figure 4C, the extended or cantil evered beam 200
contacts the base 204. A protrusion 240 which may be provided, either on
the base 204 as shown in figure 4C or ar8und the cantilevered portion 200
as shown in figure 2B, thereby establishing the spring constant to

essent i al |rptation abowts fixed axis ¥ 18)f typically supported feome thebase castingi Rhejackiatay t he
coil support armnotion to a stop. This twy-step process, reduces the
potenti al ¥&includes anarm portion 113s sepporing m flexure 44y whigh inftpahsuppestyaa fi xed

3G the Camonnups LY I5R aphprly TEOR PhbR ARHIAE ALY BIVOTT & cPUPEAE 2
repl gcerrer}toﬂg li'ffgupporting acoil 124, A first magnet 126 is typically supported on the base
' casting and glued to a pole piece (not shown), a second pole piece 128 is provided
which, in this example, is supported from the cover portion 111 of the housing. The
magnet co-operates with the coil 124 to selectively cause the actuator 106 to move the
transducer 112 from track to track. Control signals to cause this selective movement are
received over cable 130 from control interface 132. |

In response to the control signalé received over cable 130, the actuator carriage
106 is pivotable about the support axis 118 in either clockwise or counterclockwise
directions as shown by double-headed arrow "X". As the actuator moves, the transducer
112 is moved from an outermost data track T2 to an innermost data track T1. Actuator
motor 140 is advantageously driven in response t6 an error condition or the termination
of power to disc drive system 110 to move the actuator éarriage 106 to an extreme or
stop position so that the transducér 112 is positioned at either the inner or outer
circumference of the disc 100 over an information-free landing or parking zone where no
data is recbrded. This zone is typically either outside of the outermost data track T2, or

inside of the innermost data track T1.  In the illustrated embodiment, the parking zone

150 is located at the inner circumference of the disc 100.

As is conventional in hard disc drive systems, the transdupers 112 normally fly
over the surface of the discs on an air cushion created by the rapid rotation of the disc
when the spindle motor located beneath the disc is operative. The transducer comes to
rest on the surface of the disc, typically in the landing zone 150, when the disc drive
system is powered down either through the intentional termination of power or in
response to a detected error condition. The parking zone 150 is defined to provide an
area on which the heads or transducers 112 may safely rest without damaging any
information recording area. However, the existence of this zone inherently reduces the
area on which the surface of the disc on which data may be recorded, and so it is
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8 it returns to the undeforned position shown in figure 4A: The gap 210 is
est abl rshed based on a ratio which is defined by the distance fromthe
pi.vot 118 to the point of contact 250 (figure 4B) over the distance from
the pivot 118 to the transducer 112 mhlch it is desired to cause to cone to
rest on | anding zone 150. By setting thi $ gap precisely to reflect the

desi gn of the bal anced agtuator arm ositioning of the head over the

| andi ng zodvaniagepus W@W%F%éh%%oﬁgﬁlﬁégng@l‘%&i g)‘té“’l’%ﬁ@“ﬁ-&@&c@r eais
m ni m sed. Im&;ﬁaul d be note that e prel oadi ng of the cantil evered beam
is very in¥ ehave a runaway condition where the arm

contacts the cr ﬁ{fl asiR b"%atﬂm‘tig circuit may be provided to bring the carriage to rest with the

transducer 112 over the parking zone 150 in response to error or power termination
conditions, it may happen that other conditions prevent the accurate functioning of the
breaking circuit or cause the actuator to overshoot either the innermost or outermost data
track of the disc. Therefore, a mechanical crash stbp is provided for physically
preventing the pivoting of the carriage 106 beyond its targeted stopping position in order
to protect the transducer 112 from either contacting the support spindle for the discs or

overshooting the outer edge of the disc. These crash stops, designated 170 for the crash
stop which stops the heads adjacent the landing zone at the inner circumference of the
track and 172 for the stop, which prevents the actuator from overshooting the outer edge
of the disc, are positioned adjacent the edge of the base housing and supported from that
housing in a manner which will be disclosed-in detail with reference to the following
figures. It can be seen that the stops are positioned to contact the edges of the coil
supporting fork 122 of the rear extending portion of the actuator arm. This coil
supporting fork 122 is a sturdy portion of the actuatdr artn, and may in fact be tailored in
design to co-operate with the crash stop of the present invention.

The structure of the crash stop for the miniature disc drive of the present

invention is shown in figures 2A, 2B, which is a top plan view of the crash stop, figure
2C which is an exploded view, and 2D which is an assembled view of the crash stop
used both merely as a Erash stop and modified to form a magnetic latch. This will be
discussed in relation to figure 3 which shows the rear portion of the actuator arm where
the coil is supported, and then figures 4A, 4B and 4C which show the operating
relationship between the rear of the actuator arm and the crash stop. '

The crash stops 172, 170 ptovide a means for stopping the movement of the
actuator arm 106 in a gradual fashion without a sudden crashing impact with an inelastic
crash stop. The crash stop elements are preferably constructed from a flexible plastic

material such as an ester-based polyurethane. However, other materials may function
This is the replacement sheet
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hi:gh speed. The fact that some force is already being applied to the

cantil evered beamby virtue of it being preloaded to dimnish the rel axed
gap width 210, is of significant benefit in rapidly slowing and controlling
the inmpact of the fast-noving arm The spring constant of the crash stop is
primarily controlled by the thickness of 7t he connecting neck or throat
portion 202, especially in the region marked "B" in figure 4. It is also

i mpor t ant just asowell. @ depjotal in the eiewsi 2 throdgh 2Dardd pferemg4dpecidtlyatacthd C
that, while deflection of the beam portion in response to the striking arm
i s hi ghl y pesspective ajevanf/figure| 24 tthe arashn stopds comprisedof a ¢antilevereddieam 200 t o
the base, woul d be highly undesirable. It is for this reason that the

sl eeve 208connecied by ngticonnecting resk202t0 arhase supported{ldo nRefsrring:next i@ thecr ew

250 L ot Gl e, B85Sl T hanhonaRs st U So b e s
It may be preferable to insert a sleeve 208 in this hole in the base support (figure 2C) in
order to further support this hole and be sure fhat no deflection of the crash stop relative
to the base can occur with repeated impacts by the actuator.

The illustration of figure 2B is also critical in showing the width of the gap 210
between the cantilevered beam portion 200 and the base support portion 204, This gap is
( ( set by wedging the crash stop behind a post schematically represented in figure 2B as
| pdst 214 which extends up from the base of the housing casting. This post can be very
precisely set, since it is incorporated in the base casting, so that the gap 210 can be set in
this case, for example, at 0.23mm 4 0.05mm (0.009 inch + 0.002 inch) by wedging - -
the stop behind the post and tightening the screw 250 (figure 4A) to fix the stop in place.
By ltaking this appfoach, the crash 'stop incorporates a stepped 'elasticity which begins to-
take effect when the rear portion 122 (figure 3) and specifically the crest 230 of that rear
portion impacts the cantilever element of the crash stop.
Referring to figures 4A, 4B and 4C, it can be seen that, as the coil support 122
- carrying coil 124 approaches surface A of the crash stop 17Q the gap is at a preset width.

When the coil support arm 122 contacts the cantilever arm 200, the cantilever arm pivots
by flexing the connecting neck 202 which, as shown in figure 24, is thinner than the
cantilevered portion, thereby slowing the speed of the extended arm. Then, as shown in
figure 4C, the extended or cantilevered beam 200 contacts the base 204. A protrusion
240 which may be provided, either on the base 204 as shown in figure 4C or around the
cantilevered portion 200 as shown in figure 2B, thereby establishing the spring constant
to essentially the compressivity of the plastic material and quickly slow the coil support
arm motion to a stop. This two-step process reduces the potential harm to the actuator
assembly which can result from using a fixed solid crash stop. Typically, subsequent to

the final step shown in figure 4C, the cantilevered beam with the arm now resting against
This is the replacement shest
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the material which forns the base region itself. A potential alternative
woul d be a reinforced plastic liner on the interior of the opening 206
agai nst which the screw head could be tightened. Finally, it should be
apparent that the crash stops are essentially symetrical along the path,
at the inner and outer range of novenent.g Turning next to figures 2C and
2D, and to the lefthand portion of figure 3, a potential nodification of

the desi gmt&aunﬁqerm@ﬁﬁd&oﬁnmﬁidn%hb%qh %Gréjﬂic rTHesghp 2i06is establishey er ed
beamis nodified and its width nay be slightly extended to define an

01 0 Proce 260, and o bonl pOIe prECE 206 e aeoEnT 6. N et int he
openi ng, acehtich 268 (HguiedB) over the distance from the pivot 118 to the transducer 112 which
it is desired to cause to come to rest on landing zone 150. By setting this gap precisely
to reflect the design of the balanced actuator arm, the positioning of the head over the |
landing zone can be very precisely defined so that the loss of data area is minimised.

It should be noted that the preloading of the cantilevered beam is very important,
especially if you have a runaway condition where the arm contacts the crash stop ata
high speed. The fact that some force is already being applied to the cantilevered bearh .

C ( " by virtue of it being preloaded to diminish the relaxed gap width 210, is of significant - :
benefit in rapidly slowing and controlling the impact of the fast-moving arm. The spring
constant of the crash stop is primarily controlled by the thickness of the connecting neck
or throat portion 202, especially in the region marked "B" in figure 4. _

It is also important to note, as appears from figure 2C and figures 4A, 4B and 4C
that, while deﬂection of the beam portion in response to the striking arm is highly
desirable, any deflection in the "Z" axis, that is relative to the base, would be highly
undesirable. It is for this reason that the sleeve 208 is incorporated in the hole in the
base region so that tﬁe screw 250 which connects the base region to the base of the

housing can be tightened down against the steel or aluminium sleeve rather than against

™
~

the material which forms the base region itself. A potential alternative would bea
reinforced plastic liner on the interior of the opening 206 against which the screw head
could be tightened.

Finally, it should be apparent that the crash stops are essentially symmetrical
along the path, at the inner and outer range of movement.

Turning next to figures 2C and 2D, and to the lefthand portion of figure 3, a
potential modification of the design to incorporate a magnetic latch is described. The
cantilevered beam is modified and its width may be slightly extended to define an
opening 260. Then a magnet 262 surrounded by two pole pieces, a straight pole piece

264, and a bent pole piece 266, are assembled, inserted in the opening, and fastened in
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9.place typically with adhesive, all as shown in figure 2D. This magnet
260, 262, 264, 266 co-operates with a ferrous netal striker 230 (figure 3)
which is incorporated in the rear crest region of the coil support arm 122.
As the coil support armreaches the crash stop, inpacts it and is brought
to a rest, the gap between the striker 239 and the magnet 260 is cl osed,
and the armis captured and held in place. The conbi nati on of the magnetic
| at ch and plase typicallyuwith adhesive, plirastshewdiis figuom?D; Thismagosti268; 363, %
grams, will reduce the Jateral notion of the transducers, across the disc
surface whi2P@ cerpperates,with 3 ferspus,metal strikgr 230 (figure 3) which is incorporated in the

rear crest region of the coil support arm 122. As the coil support arm reaches the crash
stop, impacts it and is brought to a rest, the gap between the striker 230 and the magnet -
260 is closed, and the arm is captured and held in place. |
The combination of the magnetic latch and the tf'an'sdué;e_r load upon the disc 100,
ie. approximately 5.0. grams, w111 reducethe latérall_l;thoti_on of the transducers across the
disc surface while t_h_é.'drive i.s'._n_ot' operahng C I |
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This i the repl acenent sheet CLAI M5 1. Alimt stop (170, 172) in a
di s¢ dr4ve system (110) having an actuator (106) novable on a rotary path,
the limt stop conprising a base (204) for fixing the position of the |limt

novi ng actuator for contacting and sl owl@g or stoppi ng

stop relative to the actuator, and a cantil evered arm(20 faC|n t he
actuator characterised in that the cantilevered arm (20 I

T

throat (202) to the base and is spaceQLAIMS t he base by a gap (2 0) *wher ei n
said cantilevered arm

P
£

1. A limit stop (170, 172) in a disc drive system (110) having an actuator (106)
movable on a rotary path, the limit stop comprising a base (204) for fixing the
position of the limit stop relative to the actuator, and a cantilevered arm (200) facing

- the moving actuator for contacting and slowing or stopping the movement of the

actuator characterised in that the cantilevered arm (200) is connected by a throat (202)
to the base and is spaced from the base by a gap (210) wherein said cantilevered arm
(200) is moved by the actuator into contact with the base to stop the movement of the
actuator when the gap is closed. '

2. A limit stop as claimed in claim 1, in which said limit stop is formed of

~ polystyrene.

3. A limit stop as claimed in claim 1 or 2, in which said throat connecting said base

and said cantilevered arm is of narrower cross section than said cantilevered arm in order

'~ to provide a flexible connection to establish a spring force for restraining movement of’

said cantilevered arm.

4, A limit stop as claimed in any one of claims 1 to 3, in which said cantilevered
arm includes a protrusion (240) on a surface thereof opposite a surface (A) facing the
actuator and adapted to impact the base as said cantilevered arm is moved by contact
with said actuator, whereby a defined stopping force is applied to said actuator.

5. A limit stop as claimed in any one of claims 1 to 3, in which said base comprises
a protrusion (240) facing a rear surface of said cantilevered arm opposite a surface (A) of
the cantilevered arm facing said actuator, whereby a defined force is applied to
movement of said actuator as said connecting throat is flexed by contact of said actuator
with said cantilevered arm.

6. A limit stop as claimed in any one of the preceding claims, in which said stop
further includes a magnetic latch (260, 262, 264, 266) incorporéted in said cantilevered
arm for contacting and holding said actuator against said cantilevered arm.

7. A limit stop as claimed in claim 6, comprising an aperture (260) defined in said

cantilevered arm and a magnet (262) and pole piece (264 266) mcorporated within said
This is the roplacement shest



(200) i's noved by the actuator into contact with the base—to—sfeﬁ—t—he*
novenent - of the actuator when the gap is closed. 2.
claimed in claiml, in which said linmt stop is forned nﬁllwalﬁg E
Alimt stop as clainmed in claim1l or 24,in wich said- thioa
sai d base and said cantilevered armis 01‘ narrower cross section than sal d
cantilevered armin order to provide a flexible connection to establish a
spring force for restraining novenent of said cantilevered arm 4. A
limt stop as clained in any one of clains 1 to 3, 'in which said
canti | ever eRPeing, andfurthes.comprising aiferions metad jtriker (33@).mfaahmihmrserdemtuatqrpos 11 te
a surface at 1) te t the, pbase, as sai
canti | ever(e afrtﬁrﬁqlémr?%&ﬁ Dy co&%%tg%h%dﬁggnegc 81d oFsid magnet Bhn

track of magnet force of said actuator.

8. A disc storage system (110) comprising at least one disc (100) mounted for
rotation within a housing (108, 111), said housing comprising upper and lower
members, said lower members (108) supporting an actuator (106) for rotational
movement about a fixed plvot (118), rotation of said actuator posmonmg a transducer '
- (112) supported at one end thereof over the or a respective disc, said disc storage
( - system further compnsmg a limit stop (170, 172) as defined in any one of the
preceding claims.

9. A disc storage system as claimed in claim 8, including means (214) on said
housing for fixing the position of said limit stop comprising a first shim (214) pressing
' against an outer surface of said cantilevered arm opposite said base of said limit stop, |
in order to establish the defined gap (210) between said cantilevered arm and said base
wherein said connecting throat of said limit stop is partially flexed and the gap
between said canrilevered arm and said base is less than a gap when said connecting
throat is not flexed, whereby a predetermined force counteracting movement of said
rotary actuator is defined.
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wi.th said actuator, whereby a defined stopping force is applied to said
actuatoer. 5. Alimt stop as clained in any one of clainms 1 to 3, in
whi ch sai d base conprises a protrusion (240) facing a rear surface of said
cantil evered arm opposite a surface (A) of the cantilevered armfacing said
actuator, whereby a defined force is applzed to novenent of said actuator
as said connecting throat is flexed by contact of said actuator with said
cantilevered arm 6. Alimt stop ABSTRAQIEd in any one of the preceding
clainms, in which said stop further includes a magnetic |latch (260, 262,

264, 266) incorporated in said cantilevered armfor contacting and holdlng
sai d actuat or agai nst sald cantilevered arm 7. A I|n1t stop as cl ai med
in claim®6, cddMiIsdEQ EhMA GNETICHDA TCH (TN 5 EYEEMH arm
and a nagnet (262) and pole pi ece (264, 266) |ncorporated mnthln sai d

A limit stop 170, 172 is provided in a disc storage system having a rotary

actuator 106 mounted for travel about an axis 118 adjacent to a rotating disc 100, and

having an arm 114 supporting a transducer 112 over the surface of said disc and a motor |

element support 122 extending opposite to séid arm from said rotary suppoijt axis. A )

limit stop to limit the extent of movement of the motor element support is mounted on
C\ ( - the base 108 of the housing 110. The limit stop comprises a fixed portion 204 mounted
| to the housing base, and extended portion 200 mounted to define the limit of travel of the
motor element support, said extended portion being connected to the fixed portion by a
thin connécting portion 202 which flexes under impact by the motor element. The fixed : -
mounting portion, thin connectirig portion, and extended portion form essentially a IT- |
shaped element having a defined gap 210 across the base of the "U". The gap defining
the amount of flexibility in the limit stop. The flexibility being adapted to allow for
absorption of the energy of the moving actuator arm, while causing the arm to rest
against the surface of the limit stop with the transducer resting on the surface of the disc.
The extended portion may also include a magnetic latch 260.

Figure 1.
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openi ng, and further conprising a ferrous netal striker (230) attached to
sai d actuator such that said netal striker interacts with a magnetic field
of .said magnet to latch via track of magnet force of said actuator. 8. A
di sc storage system (110) conprising at |east one disc (100) nounted for
rotation within a housing (108, 111), said housing conprising upper and

| ower nenbers, said | ower nenbers (19 supporting an actuator (106) for
rotational novenent about a fixed pivot (118), rotation of said actuator
positioning a transducer (112) supported at one end thereof over the or a
respective disc, said disc storage

>~ FIG. 1

i
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systenrfurther conprising a limt stop (170, 172) as defined in any one of
the preceding clains. 9. A disc storage systemas clained in claimS8,

i ncl udi-ng means (214) on said housing for fixing the position-of said limt
stop conprising a first shim (214) pressing against an outer surface of
said cantil evered arm opposite said e of said limt stop, in order to
establish the defined gap (210) between said cantilevered arm and sai d base
wherein said connecting throat of said limt stop is partially flexed and

t he gap between said cantilevered armand said base is |l ess than a gap when
said connecting throat is not flexed, whereby a predeterm ned force
counteracting novenent of said rotary actuator is defined.

- 200

l : |
@/m |
FIG. 2D
6.2 |
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