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(57) Abstract

A limit stop/latching assembly
in a disk storage system (10) includes a
crash stop (34) for limiting travel of the
actuator carriage (20) at a fixed stop
position. The assembly has a carriage
latch incorporated with the crash stop.
A magnetic latch actuator plate (36) ex-
tends from the actuator carriage and is
movable with the actuator carriage in a
path of travel of the actuator carriage
to abut the stop position. The carriage
latch has a magnet (60) and a pair of
magnetic pole pieces (64, 66) abutting
the magnet wherein the distance be-
tween the pole pieces defines a first
gap (b) and the distance between the
pole pieces and the latch actuator plate
defines a second gap (d). The latch is
moved between a latched position,
wherein said pole pieces are in magne-
tic contact with the latch plate, and a
free position, wherein the actuator car-
riage is pivoted such that the second
gap is greater than the first gap where-
by magnetic flux is channeled substan-
tially through the first gap to enable
the latch plate to move remote from the
crash stop.

(54) Title: MAGNETIC LATCH FOR DISK DRIVE ACTUATOR

* See back of page




. DESIGNATIONS OF “DE”

Until further notice, any designation of “DE” in any international application
whose international filing date is prior to October 3, 1990, shall have effect in the
territory of the Federal Republic of Germany with the exception of the territory of the
former German Demacratic Repubilic.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT
AU
BB
BE
BF
BG
BJ
BR
CA
CF
CG
CH
™M
DE
DK

Austria ES  Spain MC  Monaco
Australia FI  Finland MG  Madagascar
Barbados FR  France ML  Mali
Belgium GA  Gabon MR  Mauritania
Burkina Fasso GB  United Kingdom MW  Malawi
Bulgaria GR  Greece NL  Netherlands
Benin HU  Hungary NO  Norway
Brazil IT Italy RO  Romania
Canada JP Japan SD  Sudan
Central African Republic KP  Democratic People’s Republic SE  Sweden
Congo of Korea SN Sencegal
Swiwzerland KR  Republic of Korea SU  Sovict Union
Cameroon Ll Licchtenstein TD  Chad
Germany, Federal Republic of LK  Sri Lanka TG  Togo
Denmark LU  Luxembourg US  United States of America

.




WO 90/14659 PCT/US90/02894

10

15

20

25

30

35

-1~

MAGNETIC ILATCH FOR DISK DRIVE ACTUATOR
FIELD OF THE TNVENTTION '

The present invention is generally directed to
disk storage systems and more particularly is directed to a
limit stop/latching assembly for holding an actuator
carriage at a predetermined stop position.
BACKGROUND OF THE INVENTTON

In a hard or floppy disk drive system, a
read/write head is moved across a data storage disk so as to
be positioned over a selected one of the large number of
substantially circular, concentric tracks in which data is
recorded and/or reproduced. The head is mounted on an
actuator carriage so as to be positioned at the desired
track. The actuator carriage may either move linearly along
a radius of the disk to position the head, or it may be
adapted for rotary travel around an axis to move the head
radially across the disk surface between the innermost track
and the outermost track.

In most hard disk drive systems, a plurality of
disks are stacked on a spindle and a corresponding plurality
of magnetic heads are used to read/or write on respective
surfaces of the disks. The magnetic heads "fly" over the
surfaces of the disk on an air cushion generated by the
rapid rotation of the disks themselves. When power is
turned off, the actuator carriage is driven to move the
magnetic heads to data-free parking or landing zone on which
they may rest without destroying information, which is
recorded only in other areas of the disks. typically, the
actuator carriage brings the heads quickly to the parking
zone in case of error or loss of power, and generally a
crash stop is provided to limit further movement of the
actuator carriage once it reaches its stop position in the
parking zone. The crash stop is conventionally in the form
of a spring which may or may not be preloaded. Given the
relatively small size of this disk drive, for example to
read and write on a 3 1/2 inch disk, it is a significant
part of the design of the disk drive to precisely position
the actuator carriage at its stop position so as to minimize

the area of the information-free parking zone, which is
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essentially wasted disk surface space since no information
is recorded therein, while being certain that the heads will
not be moved too far and off the flyable surface of the
disk. '

Once the actuator carriage has been moved to its
rest position abutting the crash stop, it is frequently
desirable to latch the actuator carriage, for example when
the disk drive is being moved, so that the heads will not
move from the parking zone. The latch itself has to fit and
function within the strict design tolerances for the disk

-drive system. While it is known to use a solenoid to move

the latch back and forth between the free and latched
positions, it is undesirable to use the solenoid to actively
hold the latch at either position, since this would require
a constant current and therefore constant drain on a battery
or other power source. Instead, it has been previously
preferable to actuate the solenoid merely to move the latch
between the two positions. However, the actuator carriage
is heavy relative to the latch and will therefore exert some
force on the latch when the disk drive is tilted or shaken
during movement. Some conventional disk drive systems have
therefore actively held the latch against the actuator
carriage to latch the actuator, or have actively held the
latch in the free position and used a spring to force the
latch to the latched position and hold it there against the
actuator. Each of these apparatus, such as a solenoid,
spring or other mechanical elements, used to function as an
actuator latch have proved, however, tc be extremely
expensive, or cumbersome to implement because of space or
tolerance requirements of the disk drive assembly.
OBJECTS OF THE INVENTION

Therefore, it is an object of the present
invention to provide a disk storage system which avoids the
above-described difficulties of the prior art.

It is another object of the present invention to
provide a disk storage system and a limit stop/latching
apparatus therefor which surely latches the actuator
carriage at a predetermined stop position.

s
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It is still another object of the present
invention to provide a rotary disk storage system and limit
stop/latching apparatus therefor which is adapted to latch
the actuator carriage at a precisely defined position.

It is yet another object of the present invention
to provide a rotary disk storage system and limit
stop/latching apparatus which has a magnetic latch which
keeps an actuator at its inner diameter crash stop location
when the disk drive is not being used.

It is a further object of this invention to
provide a rotary disk storage system and limit stop/latching
apparatus which has a magnetic latch which prevents movement
of the heads across the disk during non-operating conditions
(such as during shipment) and thus, prevents the magnetic
heads and disks from being damaged.

It is yet a still further object of the preéent
invention to provide a rotary disk storage system and limit
stop/latching apparatus wherein the magnetic force of the
magnetic latch exerted upon the crash stop mechanism,
although sufficient to hold the actuator at its crash stop
position, is easily overcome when the actuator is driven
during normal operation.

These and other objects, aspects and features of
the present invention will become apparent from the
following detailed description of a preferred embodiment
thereof taken in connection with the accompanying drawings,
throughout which like reference numeral denote like elements
and parts.

SUMMARY OF THE TNVENTION

In accordance with an aspect of the present
invention, the limit stop/latching assembly herein is
utilized in a rotary disk storage system in which the
actuator carriage is mounted for rotary travel in a plane.
The actuator carriage pivots so as to position a read/write
head at a desired track on a magnetic disk. A crash stop is
provided which limits the maximum degree that the actuator
can pivot. A latch/crash stop assembly physically abuts a
latch fin extending from the end of the actuator when the
actuator makes its maximum clockwise (or counterclockwise)
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rotation so as to limit the innermost track (or inner
diameter) of head movement. '

In accordance with one of the general objects of
this invention, a magnetic latch is provided which keeps the
actuator at its crash stop location when the disk drive is
not being used. This prevents movement of the heads across
the disk during non-operating conditions (such as during
shipment) and, thus, prevents the heads and disks from being
damaged. The magnetic latch is assembled within the crash
stop and is comprised of a magnet having two magnetic pole
pieces (such as magnetic steel) extending therefrom with a
gap between the pole pieces. This magnetic assembly is
directly supported and incorporated integrally into the
crash stop assembly. When the actuator rotates to its crash
stop position, the steel pole pieces contact the actuator
latching plate or fin which is bonded to the actuatof; and
magnetic flux flows from the magnet through one pole piece,
through the actuator latching plate and then returns to the
magnet through the other pole piece. Sufficient magnetic
attraction between the pole pieces and the actuator latching
plate serve to latch the actuator latch fin to the crash
stop at its inner diameter position.

The magnetic force between the pole pieces and the
latch fin, although sufficient to hold the actuator at its
crash stop position, is easily overcome when the actuator is
driven during normal operation. In one example, the
actuator is of the so-called rotary voice coil motor (vew)
type; and when current flows through the VCM, the actuator
pivots with enough force to overcome the magnetic attraction
between the pole pieces and the latch fin. When the
actuator is pivoted a sufficient distance such that the
distance d between the latch/crash stop assembly and the
actuator latch plate is greater than the gap between the
pole pieces, magnetic flux follows the circuit from the
magnet across the gap through the other pole piece back to
the magnet. Since the magnetic flux no longer links the
actuator latch plate, there no longer is minimal magnetic
attraction between the latch/crash stop assembly and the

&
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latch fin. Hence, the actuator is driven easily and freely
as if the magnetic latch assembly was not ever present.
BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description, given by way
of example but not intended to limit the invention solely to
the specific embodiments described, may best be understood
in conjunction with the accompanying drawings which:

FIG. 1 is a top plan view of a preferred
embodiment of apparatus in accordance with the present
invention;

FIG. 2 is a side cross-sectional view of the
apparatus taken along line 2-2 in FIG. 1;

FIG. 3 is a top plan view of the apparatus of Fig.
1 with a top plate of the apparatus removed;

FIG. 4 is a top plan view of a limit stop/latching
assembly in a latched position in accordance with the
present invention;

FIG. 5 is an enlarged top plan view of the limit
stop/latching assembly of Fig. 4 in a latched position;

FIG. 6 is an enlarged top plan view of the limit
stop/latching assembly of Fig. 4 in a free position; and

FIG. 7 is an enlarged front elevational view of a
preferred embodiment of the carriage latch of this
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now to the drawings and initially to
Figs. 1 and 2 thereof, the present invention will be
described in the context of a hard disk drive system using a

rotary head actuator carriage. It will be understood,
however, that the present invention may also be applied to
hard disk drive systems using linear head actuator
carriages, as well as to floppy disk drive systems or other
systems in which an actuator carriage may be moved to a stop

position and latched thereat.
As shown in Fig. 1, the hard disk drive system 10

has an outer envelope 12 in which the disks, actuator
carriage and other elements are housed and supported between
an upper plate 14 and a lower plate 16 (Fig. 2). Upper and
lower plates 14 and 16 together define a box-like cavity in
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which the other elements are housed. Upper and lower plates
14, 16 are held together to provide dust-free environment
for these elements within envelope 12. As shown in Fig. 2,
one or more pins or spindles are mounted to lower plate 16
and upper plate 14 is mounted to the spindles by means of,
for example, screws. In the illustrated embodiment, an
actuator spindle 18 for pivotally mounting the head actuator
carriage 20 is mounted on lower plate 16 and a first screw
22 is used to mount actuator carrier 20 to actuator spindle
18. In addition, a second, disk spindle 23 upon which at
least one hard disk 24 is mounted is provided.

In the illustrated embodiment, one disk 24 is
mounted on the same disk spindle and two heads 28 are
supported by actuator carriage 20 for reading the upper and
lower surface of the disk. Actuator carriage 20 is a rotary
head actuator carriage mounted for rotary travel in a plane
about spindle 18. As shown more clearly in Fig. 3, actuator
carriage 20 is pivotable about actuator spindle 18 in either
the clockwise or counterclockwise directions as shown by
double headed arrow X. Mounted on actuator carriage 20 is
an actuator motor 30, advantageously a voice coil motor,
which may be driven to move actuator carriage 20 in the
clockwise or counterclockwise directions to move heads 28
across the disk surfaces to overlie a selected one of the
large number of substantially circular, concentric tracks on
disk 24 in which data may be recorded and/or from which data
may be read, from an innermost track T1 to an outermost
track T2.

Actuator motor 30 is advantageously driven in
response to an error condition or the termination of power
to disk drive system 10 to move actuator carriage 20 to an
extreme or "stop" position at either the inner or outer
circumference of disk 24 over an information-free landing or
parking zone 32 where no data is recorded. In the
illustrated embodiment parking zone 32 is located at the
inner circumference of disk 24, although it may be located
at the outer circumference of disks 24 in other embodiments.
As is conventional in hard disk drive systems, heads 28
normally "fly" over the surface of disks 24 on an air
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cushion created by the rapid rotation of disks 24 when disk
drive system 10 is operative. Heads 28 come to rest against
respective surfaces of disks 24 when disk drive system 10 is
powered down either through the intentional termination of
power or in response to a detected error condition. Parking
zone 32 provides an area on which heads 28 may safely rest
without destroying any information, since no information is
recorded therein. However, the existence of parking zone 32
inherently reduces the area of the surfaces of disks 24 in
which data may be recorded and so it is advantageous to
minimize the area of parking zone 32.

Although an electronic braking circuit is
conventionally provided to bring actuator carriage 20 to
rest with heads 28 over parking zone 32 in response to error
or power termination conditions, it may happen that the
error conditions prevent the accurate functioning of the
electronic braking circuit, and therefore a mechanical crash
stop system is provided for physically preventing the
pivoting of actuator carriage 20 beyond its stop position.
Conventionally, this crash stop system includes a crash stop
pin which is mounted on one of the upper or lower plates of
disk drive system 10 and against which actuator carriage 20
impacts if it is driven up to and beyond the stop position.
If the crash stop pin provides a decelerating force directly
proportional to its deflection upon impact, it is termed a
"non-preloaded" crash stop. If, however, the crash stop pin
is biased to provide an immediate and substantial
decelerating force upon impact, it is termed a "preloaded"
crash stop. This preloading may be achieved, for example,
by the provision of an elastomeric, springy surface on the
crash stop pin, or may be provided by structuring the crash
stop pin itself as a spring or the equivalent.

In the illustrated embodiment of the present
invention, a crash stop 34 preferably in the form of a pin
or a spring mounted on lower plate 16 at a predetermined
position thereon. Crash stop pin 34 is preferably made of a
non-magnetic material such as plastic and physically abuts
an actuator latch plate 36, made preferably of magnetic
steel, and bonded or otherwise attached to an end 37 of the
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actuator when the actuator makes its maximum clockwise
rotation so as to limit the innermost track (or inner
diameter) of head movement.

As shown in Fig. 4, a magnetic latch 40 is
provided which keeps the actuator carriage at its inner
diameter crash stop location when the disk drive is not in
use. This prevents movement of the heads across the disk
during non-operating conditions (such as during shipment)
and, thus, prevents the heads and disks from being damaged.

In Figs. 3 and 7, the magnetic latch 40 is shown
directly incorporated into crash stop assembly 34. The
magnetic latch is formed of a plastic mold piece 41 which
includes a front face 44, rear face 46, and a pair of side
faces 46 and 48. A cavity 52 is formed in mold piece 41
(see Fig. 8). A pair of steel pole pieces 64 and 66 are
positioned within the cavity. Each of the pole pieces 64
and 66 has an end 72 and 74, respectively, which abut
against magnet 60 and another end 73 and 75 which are freely
exposed. As such, magnetic flux can be directed through
magnet 60 into the steel pole pieces 64 and 66. In this
mode a gap b is formed between steel pole pieces 64 and 66.
This gap defines the average cross-sectional area where the
application of magnet influence occurs.

In operation, when the actuator rotates to its
crash stop position (see Figs. 4 and 5), steel pole pieces
64 and 66 "magnetically contact" actuator latch plate 36;
and magnetic flux flows from magnet 60 through one pole
piece, such as 64, then through actuator latch plate 36 and
then returns to magnet 60 through the other pole piece 66.
Sufficient magnetic attraction between the pole pieces and
the crash stop pin serve to latch the actuator to the pin at
its inner diameter crash stop position as is illustrated in
Figs. 4 and 5.

The magnetic force between pole pieces 64 and 66
and the crash stop pin 34, although sufficient to hold the
actuator at its crash stop position, is easily overcome when
the actuator is driven during normal operation. In one
example, as is shown in Fig. 6, the actuator is of the so-
called rotary voice coil motor (VCM) type; and when current

.4
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flows through the VCM, the actuator pivots with enough force
to overcome the magnetic attraction between the pole pieces
64 and 66 and the actuator latch plate 34. When the
actuator is pivoted a sufficient distance such that the
distance d between the latch assembly 40 and actuator latch
plate is greater than the gap b between pole pieces 64 and
66, magnetic flux follows a circuit from magnet 60 through
one pole piece 64, across the gap b and then through the
other pole piece 66 back to magnet 60. Once the distance
from the pole pieces to the actuator latch fin exceeds the
gap between the pole pieces, magnetic flux is channeled
substantially exclusively through the gap b; and, as a
result, there is little, if any, magnetic attraction to the
actuator latch fin. The pole pieces thus channel the flux
to prevent any interference with normal movement of the
actuator that otherwise may result by reason of the mégnetic
attraction between the crash stop pin and the magnet.
Hence, the actuator is driven easily and freely as if the
magnetic latch assembly is not even present. As such, this
invention provides for the use of a simple magnet and pole
pieces, without the addition of any further apparatus, such
as a solenoid, spring or other mechanical elements, to
function as an actuator latch.

The present invention has been described with
respect to a preferred embodiment thereof, but it will be
apparent to one of ordinary skill in the art that many
changes and modifications may be made therein without
departing from the spirit and scope of the present
invention, which is to be determined by reference to the

appended claims.
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WHAT IS CLAIMED IS:

1. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

crash stop means for limiting travel of said
actuator carriage at a fixed stop position and including a
crash stop pin and a latch means, said latch means having a
magnet and a pair of magnetic pole pieces abutting said
magnet; and

a latch actuator plate extending from said
actuator carriage and movable with said actuator carriage in
a path of travel of said actuator carriage to abut said stop
position, said latch actuator plate having a magnetically
attractive element; and

means for moving said actuator carriage
between a free position, wherein said latch actuator plate
is moved remote from said crash stop means, and a latched
position defining said fixed stop position, wherein magnetic
flux emanating from said magnet flows through said
magnetically attractive element such that said pole pieces
are in magnetic contact with said element.

2. The limit stop/latching assembly of claim 1
wherein said latch means is incorporated into said crash
stop pin directly.

3. The limit stop/latching assembly of claim 1
wherein the distance between said pole pieces defines a
first gap and the distance between said pole pieces and said
magnetically attractive element defines a second gap.

4. The limit stop/latching assembly of claim 3
wherein said latch means is movable to its said free
position when said actuator carriage is pivoted such that
said second gap is greater than said first gap, whereby
magnetic flux is channeled substantially through said first
gap to minimize magnetic attraction to said element.

5. The limit stop/latch assembly of claim 3
wherein said latch means is movable to its latched position
when said actuator carriage is pivoted such that said first
gap is greater than said second gap whereby magnetic flux
emanating from said magnet flows through one of said pole

-
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pieces, through said latch actuator plate and returns to
said magnet through the other of said pole pieces.

6. The limit stop/latching assembly of claim 1
wherein said pole pieces are made of magnetic steel.

5 7. The limit stop/latching assembly of claim 1
wherein said actuator latch plate is made of magnetic steel.

8. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

10 crash stop means for limiting travel of said
actuator carriage at a fixed stop position, and including a
crash stop pin and a latch means;

a magnetic latch actuator plate extending
from said actuator carriage and movable with said actuator

15 carriage in a path of travel of said actuator carriage to
abut said stop position;

said latch means having a magnet and a pair
of magnetic pole pieces abutting said magnet, wherein the
distance between said pole pieces defines a first gap and

20 the distance between said pole pieces and said latch
actuator plate means defines a second gap;

means for moving said actuator carriage
between a latched position defining said fixed stop
position, wherein said pole pieces are in magnetic contact

25 with said latch actuator plate, and a free position, wherein
said actuator carriage is pivoted such that said second gap
is greater than said first gap whereby magnetic flux is
channeled substantially through said first gap to enable
said latch actuator plate to move freely remote from said

30 crash stop means.

9. The limit stop/latching assembly of claim 8
wherein said latch means is incorporated directly into said
crash stop means.

10. The limit stop/latching assembly of claim 8

35 wherein said actuator latch plate is movable to its latched
position when said actuator carriage is pivoted such that
said first gap is greater than said second gap whereby
magnetic flux’emanating from said magnet flows through one
of said pole pieces, through said actuator latch plate and
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returns to said magnet through the other of said pole
pieces.
11. The limit stop/latching assembly of claim 8

-wherein said pole pieces are made of magnetic steel.

12. The limit stop/latching assembly of claim 8
wherein said actuator latch plate is made of magnetic steel.

13. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

crash stop means made of non-magnetic
material for limiting travel of said actuator carriage at a
fixed stop position and including a crash stop pin and a
latch means incorporated into said crash stop means;

a magnetic latch actuator plate extending
from said actuator carriage and movable with said actuator
carriage in a path of travel of said actuator carriage to
abut said stop position;

said latch means having a magnet and a pair
of pole pieces made of magnetic steel abutting said magnet,
wherein the distance between said pole pieces defines a
first gap and the distance between said pole pieces and said
latch actuator plate defines a second gap;

means for moving said actuator carriage
between a latched position defining said fixed stop
position, wherein magnetic flux emanating from said magnet
flows through said latch plate such that said pole pieces
are in magnetic contact with said latch plate, and a free
position, wherein said actuator carriage is pivoted to a
position at which said second gap is greater than said first
gap whereby magnetic flux is channeled substantially through
said first gap to enable said latch plate means to move
freely remote from said crash stop means.

L/
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[received by the International Bureau on 1 October 1990 (01.10.90):
original claims 1,4,5,8,10,13 amended; new claims 14-16 added:
other claims unchanged (5 pages)]

1. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

crash stop means for limiting travel of said
actuator carriage at a fixed stop position and including
a crash stop pin and latch means being directly
incorporated into said crash stop pin, said latch means
having a magnet and a pair of magnetic pole pieces
abutting said magnet, said pole pieces being immovable
with respect to said crash stop pin;

a latch actuator plate extending from said
actuator carriage and movable with said actuator carriage
in a path of travel of said actuator carriage to abut
said stop position, said latch actuator plate having a
magnetically attractive element; and

means for moving said actuator carriage between
a free position, wherein said latch actuator plate is
moved remote from said crash stop means, and a latched
position defining said fixed stop position, wherein
magnetic flux emanating from said magnet flows through
said magnetically attractive element such that said pole
pieces are in magnetic contact with said element.

2. The limit stop/latching assembly of claim 1
wherein said latch means is incorporated into said crash
stop pin directly.

3. The limit stop/latching assembly of claim 1
wherein the distance between said pole pieces defines a
first gap and the distance between said pole pieces and
said magnetically attractive element defines a second
gap. N
4. The limit stop/latching assembly of claim
3, wherein, in said free position of said actuator
carriage said second gap is greater than said first gap,
such that magnetic flux is channeled substantially
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through said first gap to minimize magnetic attraction to
said element.

5. The limit stop/latch assembly of claim 3,
wherein, in said latched position of said actuator
carriage, said first gap is greater than said second gap
whereby magnetic flux emanating from said magnet flows
through one of said pole pieces, through said latch
actuator plate and returns to said magnet through the
other of said pole pieces.

6. The limit stop/latching assembly of claim 1
wherein said pole pieces are made of magnetic steel.

7. The limit stop/latching assembly of claim 1
wherein said actuator latch plate is made of magnetic
steel.

8. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

crash stop means for limiting travel of said
actuator carriage at a fixed stop position, and including
a crash stop pin and latch means;

a magnetic latch actuator plate extending from
said actuator carriage and movable with said actuator
carriage in a path of travel of said actuator carriage to
abut said stop position;

said latch means having a magnet and a pair of
magnetic pole pieces immovable with respect to said crash
stop pin with each pole piece abutting said magnet,
wherein the distance between said pole pieces defines a
first gap and the distance between said pole pieces and
said latch actuator plate defines a second gap;

means for moving said actuator carriage between
a latched position defining said fixed stop position,
wherein said pole pieces are in magnetic contact with
said latch actuator plate, and a free position, wherein
said second gap is greater than said first gap whereby

5
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magnetic flux is channeled substantially through said
first gap to enable said latch actuator plate to move
freely remote from said crash stop means.

9. The limit stop/latching assembly of claim 8
wherein said latch means is incorporated directly into
said crash stop means.

10. The limit stop/latching assembly of claim
8, wherein, in said latched position of said actuator
carriage, said first gap is greater than said second gap
whereby magnetic flux emanating from said magnet flows
through one of said pole pieces, through said actuator
latch plate and returns to said magnet through the other
of said pole pieces.

11. The limit stop/latching assembly of claim
8 wherein said pole pieces are made of magnetic steel.

12. The limit stop/latching assembly of claim
8 wherein said actuator latch plate is made of magnetic
steel.

13. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

crash stop means made of non-magnetic material
for limiting travel of said actuator carriage at a fixed
stop position and including a crash stop pin and latch
means incorporated into said crash stop means;

a magnetic latch actuator plate extending from
said actuator carriage and movable with said actuator
carriage in a path of travel of said actuator carriage to
abut said stop position;

said latch means having a magnet and a pair of
pole pieces made of magnetic steel abutting said magnet,
wherein the distance between said pole pieces defines a
first gap and the distance between said pole pieces and
said latch actuator plate defines a second gap;
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means for moving said actuator carriage between
a latched position defining said fixed stop position,
wherein magnetic flux emanating from said magnet flows
through said latch plate such that said pole pieces are
in magnetic contact with said latch plate, and a free
position, wherein said second gap is greater than said
first gap whereby magnetic flux is channeled
substantially through said first gap to enable said latch
plate to move freely remote from said crash sﬁop means.

14. A limit stop/latching assembly in a disk
storage system having a movable actuator carriage, said
assembly comprising:

crash stop means for limiting travel of said
actuator carriage at a fixed stop position and including
a crash stop pin and a pair of magnetic pole pieces
abutting said magnet wherein the distance between said
pole pieces defines a first gap;

a latch actuator plate extending from said
actuator carriage and movable with said actuator carriage
in a path of travel of said actuator carriage to abut
said stop position, said latch actuator plate having a
magnetically attractive element wherein the distance
between said pole pieces and said magnetically attractive
element defines a second gap; and

means for moving said actuator carriage between
a free position, wherein said latch actuator plate is
moved remote from said crash stop means, and a latched
position defining said fixed stop position, wherein
magnetic flux emanating from said magnet flows through
said magnetically attractive element such that said pole
pieces are in magnetic contact with said element.

15. The limit stop/latching assembly of claim
14, wherein, in said free position of said actuator
carriage, said second gap is greater than said first gap
such that magnetic flux is channeled substantially

ar

5,

o5
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through said first gap to minimize magnetic attraction to
said element.

16. The limit stop/latching assembly of claim
14, wherein, in said latched position of said actuator
carriage, said first gap is greater than said second gap
whereby magnetic flux emanating from said magnet flows
through one of said pole pieces, through said latch
actuator plate and returns to said magnet through the

other of said pole pieces.
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