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A disk unit wherein, because an actuator arm could not be prevented from being abruptly projected from

' an unload position by a

reaction produced when the actuator arm is collided with a stopper by the action other than an external |

mpact in an inertial latch

for preventing the actuator arm as a component part of the disk unit from being abruptly projected from the unload position by
the external impact, a sensitive projection (16e) Is installed on a latch which Is engaged with the top end part of the actuator arm
and prevents the arm from being projected abruptly and, when the actuator arm is collided with an outer C/S, the latch Is rotated

by this impact until it Is engaged with the actuator arm so as to prevent it from being projected abruptly.
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ABSTRACT

In an inertial latch for preventing an actuator arm, which is a
component of a disk apparatus, from flying out from an
unloading position because of an external shock, the actuator
arm cannot be prevented from flying out from the unloading
position because of repulsion produced when the actuator arm
crashes against a stopper, by operation other than an external
shock. A latch, for engaging with a point end portion of an
actuator arm to prevent the actuator arm from flying out, is
provided with a sensing protrusion 16e. When the actuator arm

crashes against an outer C/S, this shock causes the latch to

rotate and engage with the actuator arm, whereby the actuator
arm 1s prevented from flying out.
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DESCRIPTION

Disk device

[Technical Field]

a latch mechanism for preventing an actuator arm, which is a
component of the disk apparatus, from flying out from an
unloading position because of an external shock. More

particularly, the invention relates to an lnertial latch making
use of inertial operation.

[Background Art]

Figure 13 1is a diagram showing the essential parts of the
inertial latch of a conventional disk apparatus 120.

In the same diagram, the central portion of a disk 101 is held
integrally on a hub 118 of a spindle motor 117 disposed on a
base 100 and is rotated at 3 desired speed. An actuator arm

in the base 100 and 1s driven in the directions of arrows L1
and M1l by means of a voice coil motor (not shown). The wvoice
coll motor will hereinafter be referred to as a VCM.

The actuator arm 102 has 3 slider 103 formed on the point end

portion thereof through suspension means (not shown). At
Predetermined positions on this slider 103, read and write
heads are disposed If the actuator arm 102 is loaded and
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placed on a ramp 104 and the actuator arm 102 is locked in that
position by slight regulating force such as frictional force.

The actuator arm 102 holds the slider 103, and at the opposite
positions from this slider 103 with respect to the rotating

shaft 105, coil supports 106a and 106b are formed so that the
coll of the VCM (not shown) is interposed therebetween.

When the actuator arm 102 is at the position shown in Figure
13, the coil support 106a abuts an outer crash stop
(hereinafter referred to as an outer C/S) 107 having elasticity
and therefore the rotation of the actuator arm 102 in the
direction of arrow Ml 1is regulated. This position is referred

to as a home position for the actuator arm 102.

A lever 109 curved at an obtuse angle is freely rotatably held
on a rotating shaft 108 stood up in the base 100, and in the
point end portion of the 1lever 109, a pair of operating pins
110 and 111 is formed with a predetermined space. A latch 116
1s freely rotatably held on a rotating shaft 112 stood up in
the base 100, and has a first abutting portion 113 that the
operating pin 111 of the lever 109 abuts and a second abutting
portion 114 that the operating pin 110 abuts.

The point end portion of the latch 116 on the same side as the
second abutting portion 114 with respect to the rotating shaft
112 has a hooked protrusion 115. The hooked protrusion 115
engages with the coil support 106a of the actuator arm 102 at
predetermined timing to be described later, thereby regulating

actuator arm 102 when access to the disk is allowed. With the
urging force, the latch 116 and the lever 109 are balanced at
an actuator-release position shown in Figure 13 where both the
operating pin 111 and the first abutting portion 113 and also
both the operating pin 110 and the second abutting portion 114
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abut each other at the same time.

The actuator arm 102 holding the coil, the lever 109, and the
latch 116 are each constructed so that the center of gravity is
present on each axis of rotation and rotational force does not
occur due to a shock that is produced by linear movement.

On the other hand, because of a shock produced by movement
accompanied by rotation, there is a possibility that the
actuator arm 102 will rotate and fly out from its unloading
position. But, the 1nertial latch has the function of
preventing the actuator arm 102 from flying out from the
unloading position.

There are various kinds of motions accompanied by rotation and
1t is not easy to analyze all the motions. But, as a simple
example, consider the case where the hard-disk apparatus is
rotated on a poiht on the apparatus and crashed against a fixed

surface.

Figure 16 shows a test table 130 for giving a shock to the
hard-disk apparatus 120. This test table 130 is used for
freely rotatably holding the entire hard-disk apparatus 120 and
constructed so that the axis of the rotating shaft 131
approximately aligns with that of the rotating shaft 105 of the
actuator arm 102.

Figure 16 shows the condition when the disk 101 is located
above the rotating shaft 131. If the hard-disk apparatus 120
1s rotated from this condition in the direction of arrow L4 to
crash the side portion 121 thereof against a rubber stopper 132
on a stopper table 133, as shown in Figure 17, this shock
causes the actuator arm 102, the lever 109, and the latch 116
to rotate counterclockwise, i.e., in the directions of arrows
L1, L2, and L3, respectively, as shown in Figure 14. In the
same figure, the movement of the inertial latch at this time is
shown. The operating pin 111 of the lever 109 pushes the first
abutting portion 113 of the latch 116 and assists the latch 116




CA 02372009 2001-10-12

to rotate 1in the direction of arrow L3. The rotation of the
latch 116 in the direction of arrow L3 causes the protrusion
115 to engage with the coil support 106a of the actuator arm
102, whereby the rotation of the actuator arm 102 in +the
direction of arrow L1 is prevented.

Note that it 1is considered that nearly the same angular
acceleration is produced in the actuator arm 102, the 1latch
116, and the lever 109, respectively. With respect to the
angle through which the actuator arm 102 moves from its home
position to the position regulated by the latch 116, the angle
through which the lever 109 moves from the actuator-arm-release
position to the regulating position in order to rotate the
latch 116 is designed to be smaller. For this reason, the
latch 116 rotates rapidly, whereby the engagement between the
protrusion 115 of the latch 116 and the coil support 106a of
the actuator arm 102 becomes possible. |

Next, 1f the hard-disk apparatus 120 is rotated from the
condition in Figure 16 in the direction of arrow M4 to crash
the side portion 122 thereof against the rubber stopper 132 on
the stopper table 133, as shown in Figure 18, this shock causes
the actuator arm 102, the lever 109, and the latch 116 to
rotate clockwise, i.e., in the directions of arrows Ml, M2, and
M3, respectively, as shown in Figure 15. In the same figure,
- the movement of the inertial latch at this time is shown.

Although the latch 116 attempts to rotate in the direction of
arrow M3, finally it rotates in the direction of arrow L3 ,
because the force of pushing the second abutting portion 114 of
the latch 116 by the operating pin 110 of the lever 109 having
a larger moment of inertia is strong.

On the other hand, the actuator arm 102 is rotated once in the
direction of arrow M1, but the coil support 106a crashes
against the outer C/S 107, which has elasticity and limits
rotation in the same direction. With the reaction, the
actuator arm 102 rotates in the direction of arrow L1.
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However, at this time, the latch 116 rotates in the direction
of arrow L3 as previously described and the protrusion 115
engages with the coil support 116a. In a condition such as the
one shown in Figure 15, the rotation of the actuator arm 102 in
the direction of arrow L1 is prevented.

' In the aforementioned manner, the actuator arm 102 in its home
position 1is prevented from rotating in the direction of arrow
Ll because of an external shock, whereby the slider 103 can be
prevented from contacting the‘recording surface of the disk 101
not being rotated.

In an 1nertial 1latch such as that mentioned above, when the
side portion 121 of the hard-disk apparatus 120 crashes against
the rubber -stopper 132 on the stopper table 133 as shown in
Figure 17, for example, movement of each part will differ if
the shock exceeds a certain level.

Filgure 19 is a timing diagram showing movement of each part at
the time of the shock. The horizontal axis indicates the lapse
of time t, and the vertical axls of Figure 19(a) indicates the
strength of the shock. The vertical axis of Figure 19 (b)
indicates the rotational amount of the actuator arm 102 in the
directions of arrows L1 and M1, the vertical axis of Figure
19 (c) the rotational amount of the latch 116 in the directions
of arrows L3 and M3, and the vertical axis of Figure 19(d) the

rotational amount of the lever 109 in the directions of arrows
L2 and M2.

In Figure 19 (b) the rotational range Q indicated by two broken
lines indicates a rotational range of the actuator arm 102
engageable with the latch 116. 1In Figure 19 (c), the rotational
range R 1indicated by two broken lines indicates a rotational
range of the latch 116 engageable with the actuator arm 102,
and the wupper broken 1line S also represents the maximum
rotational position of the latch 116.
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If a shock occurs at time tl, the actuator arm 102, the lever
109, and the 1latch 116 all rotate in the counterclockwise

directions of arrows L1, L2, and L3, respectively, as
previously described. The respective rotations stop around
time t2. This 1is why the protrusion 115 of the latch 116

engages with the coil support 106a of the actuator arm 102. TIf
the first shock is strong, the actuator arm 102 is rotated in
the direction of arrow M1 by the reaction of the aforementioned
engagement (i1.e., crash).

And at time t3, the actuator arm 102 crashes against the outer
C/S at the home position. With the reaction, the actuator arm
102 is rotated again in the direction of arrow L1. At this
time, the latch 116 has returned to the actuator-release
position by the aforementioned urging force, so the actuator
arm 102 continues to rotate in the same direction.

If the actuator arm 102 at the home position in this manner is
subjected to a shock exceeding a certain level, the rotation in
the direction of arrow L1 will no longer be regulated and the
slider 103 will contact the recording surface of the disk 101
not being rotated.

If such a situation occurs, scratches will occur on the

recording surface of the disk 101 and there will be cases
where, because of the contact friction, the spindle motor 117
will no longer be able to rotate.

Besides an external shock, if'during operation the actuator arm
102 runs recklessly and crashes into the outer C/S 107, the
reaction will cause the actuator arm 102 to rotate in the
direction of arrow L1 and there will be a possibility that the
actuator arm 102 will fly out over the recording surface of the
disk 101. At this time, if the spindle motor 117 stops, the

slider 103 will contact the recording surface of the disk 101
and similar inconvenience will occur.

The object of the present invention is to provide a disk
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apparatus which 1s capable of reliably preventing rotation of
1ts actuator arm that could not be prevented by the
conventional mechanism, when a great shock occurs or when the
actuator arm 102 runs recklessly.

[Disclosure of Invention]

There is provided a disk apparatus comprising: an actuator arm
with an end rotatable in a first direction from its home
position located outside a recording surface of a disk so that
the end can be moved over the recording surface: a latch
rotatable between a restricted position and a release position,
the latch engaging with the actuator arm at the restricted
position to regulate the rotation of the actuator arm in the
first direction; a lever greater in moment of inertia than the
latch, the lever engaging with the latch and rotating to make
the latch rotate to the restricted position; and a stopper for
regulating rotations of the actuator arm from the home position
iln a second direction opposite from the first direction;
whereln at least a portion of at least either the actuator arm
or the stopper '1s elastically deformable so that the actuator
arm engages elastically with the stopper; and wherein the latch
ls provided with an engaging member that engages with the
actuator arm to make the latch rotate to the restricted
position by a shock produced by the engagement, when the
actuator arm 1is further rotated by the elastic deformation of
the elastically deformable member due to the engagement of the
actuator arm and the stopper.

[Brief Description of the Drawings]

Figure 1 is a top view of a hard-disk apparatus 1 showing an
embodiment of the present invention;

Figure 2 is a part-enlarged view of the inertial latch part
showling the embodiment of the present invention;

Figure 3 is a perspective view of the inertial latch part taken
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obliquely from above (above the paper) along the direction of
arrow A shown 1in Figure 1;

Figure 4 is a sectional view showing the structure of a ramp
11;

Figure 5 1is a diagram for explaining how the inertial latch
part of the hard-disk apparatus of the present invention

operates;

Figure 6 is a diagram for explaining how the inertial latch
part of the hard-disk apparatus of the present invention

operates,;

Figure 7 1is a diagram for explaining how the inertial 1latch
part of the hard-disk apparatus of the present invention
operates,;

Figure 8 1is a diagram for explaining how the inertial latch
part of the hard-disk apparatus of the present invention
operates;

Figure 9 is a diagram showing a test table that holds the
hard-disk apparatus 1 for the shock test of the hard-disk
apparatus 1;

Figure 10 is an operational diagram showing the condition when
in the shock test the hard-disk apparatus 1 crashes against a
rubber stopper;

Figure 11 is an operational diagram showing the condition when
in the shock test the hard-disk apparatus 1 crashes against a

rubber stopper;

Figure 12 is a timing diagram showing movement of each part of
the inertial latch at the time of the shock;

Figure 13 is a diagram showing the construction of a
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conventional inertial latch;

Figure 14 1is a diagram for explaining how the conventional

inertial latch operates;

Figure 15 1is a diagram for explaining how the conventional

inertial latch operates;

Figure 16 1is a diagram showing a test table that holds a
hard-disk apparatus 120 for a shock test;

Figure 17 is an operational diagram showing the condition when
in the shock test the hard-disk apparatus 120 crashes against a
rubber stopper;

Figure 18 is an operational diagram showing the condition when
in the shock test the hard-disk apparatus 120 crashes against a

rubber stopper: and

Figure 19 is a timing diagram showing movement of each part at
the time of the shock.

[Best Mode for Carrying Out the Invention]

Figure 1 is a top view of a hard-disk apparatus 1 showing an
embodiment of the present invention, Figure 2 1s a
part-enlarged view of the inertial 1latch part showing the
embodiment, and Figure 3 is a perspective view of the inertial
latch part taken obliquely from the upper right (above the

paper) along the direction of arrow A shown in Figure 1.

In the figures, a disk 2 is held integrally on a hub 5 of a
spindle motor 4 disposed on a base 3 and is rotated by the
spindle motor 4. An actuator arm 6 is formed integrally with a
suspension portion 7 and a coil support portion 8. The
actuator arm 6 1is freely rotatably held by a rotating shaft 9
stood up in the base 3 and is driven in the direction of arrow
Bl or Cl by a VCM (described later).
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The suspension portion 7 holds a slider 10 formed on the point
end portion thereof, and at predetermined positions on  this
slider 10, read and write heads (not shown) are disposed. When
the actuator arm 6 rotates in the direction of arrow Bl and

moves over the recording surface of the hard-disk apparatus 1
being rotated, the slider 10 flies over the recording surface

A ramp 11 disposed on the base 3 places the tab 12 of the point
end portion of the actuator arm 6 thereon when the actuator arm
6 1s unloaded to its home position.

Figure 4 shows a sectional view of the ramp 11 at the position
of index line 200 (Figure 1). The ramp 11 has a slit lle for

Above and below this slit 1le , a wedge-shaped portion
protruding toward the recording surface of the disk 2 is
formed. The protruding portion has inclined surfaces lla and

l1lb, a flat surface 1llc, and an inclined surface 1ld on the.
upper side thereof.

The tab 12 is urged downward by the suspension portion 7
(Figure 1). For this reason, in order for the actuator arm 6
to rotate from its home position in the direction of arrow Bl
to move the slider 10 to the recording surface of the disk 2,
the tab 12 on the flat surface 1llc of the ramp 11 must be moved

along the upward inclined surface 1l1b in the direction of ArYrow
Bl against the downward urging force.

Therefore, the actuator arm 6 is subjected to a returning force
in the direction of arrow Cl at the upward 1inclined surface 11b
of the ramp 11 when moving from the home position shown in
Figure 1 in the direction of arrow Bl.

The actuator arm 6 holds the slider 10 on the point end of the

suspension portion 7, as described above, and a coil support



CA 02372009 2001-10-12

portion 8 on the opposite side from this slider 10 with respect
to the rotating shaft 9 has a pair of coil supports 8a and 8b
for firmly interposing a coil 13 constituting the VCM
therebetween.

An upper magnet holding plate 14 (Figure 1) is fixed to the
base 3 and holds a magnet (not shown) constituting the VCM at a
poslition above and opposed to the coil 13. Note that in Figure
1, the essential portion of the upper magnet holding plate 14

1s cut away for convenience and the contour is shown by a
broken line.

Similarly, a lower magnet holding plate (not shown) for holding
a magnet constituting the VCM at a position opposed to the coil
13 is disposed below the coil 13.

The aforementioned description has been made for simplification
on the assumption that the hard-disk apparatus uses a single
one—sided disk 2. But, when data is recorded on both sides of
a hard disk, another suspension portion for holding a head that
scans the recording surface is prepared. The other suspension
portion and the suspension portion 7 of Figure 1 are stacked

with a predetermined space and fixed to the coil support
portion 8.

Furthermore, when data 1s recorded on a plurality of
double-sided hard disks, they are - 1ntegrally held with
predetermined spaces in the rotational axis direction of the
spindle motor 4 by the hub 5. And suspension portions for
holding a head that scans each recording surface are prepared
by the number of recording surfaces. These suspension portions
and the suspension portion 7 of Figure 1 are stacked with
predetermined spaces and fixed to the coil support portion 8.
Since this structure is well known in the background art, a
detalled description thereof is omitted.

As best shown in Figures 2 and 3, a lever 15, a latch 16, and
an outer C/S 17, which constitute an inertial latch, are

.....ll_
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disposed near the coil support 8a along with the point end
portion 8c.

The lever 15 is freely rotatably held on a rotating shaft 18
stood up 1in the base 3 (Figure 1). An extension portion 15a
extending lengthwise toward one side (first side) with respect
to the rotating shaft 18 has an engaging recess 15b and an
engaging portion 15c¢, which are respectively engageable with
operating pins 16a and 16b formed 1in the latch 16 to be
described below. The lever 15 also has a balancer 15e held
with a wide area portion 15d on the other side (second side)
with respect to the rotating shaft 18, whereby the lever 15 is
balanced so that the center of gravity 1is present on the axis
of the rotating shaft 18.

Note +that the lever 15, which is a rotary member, is
constructed of relatively heavy material, such as metal, in
order to obtain a desired moment of inertia and is also
constructed of non-magnetic material so as not to be subjected
to the 1nfluence of a magnetic field. ‘

The latch 16 is held by a rotating shaft 19 stood up in the
base 3 (Figure 1) so that it is free to rotate between a home
position and a restricted position to be described later. At
the positions approximately symmetrical across the rotating
shaft 19, a pair of operating pins l6éa and 16b extending upward
are formed respectively. And the latch 16 is located under the

the engaging recess 15b and engaging portion 15c¢ of the lever
15.

The latch 16 has a latch piece 1l6c (Figure 3) extending
downward (in the direction toward the base 3 of Figure 1), at
an end of the latch 16 on the side of the operating pin 16Db
with respect to the rotating shaft 19. The latch 16 also has

magnetic material, such as a magnetic metal piece 16d, attached
to the intermediate portion on the side of the operating pin

....12._
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l6a with respect to the rotating shaft 19. Furthermore, near
the metal piece 16d and on the side of the operating pin 16a
with respect to the rotating shaft 19, the latch 16 has a
sensing protrusion 1l6e, which protrudes slightly in the
clockwise direction and extends downward.

The metal piece 16d is attracted by the upper magnet holding
plate 14 (Figure 1) producing magnetic attraction with respect
to a magnetic substance by operation of the held magnet. For
this reason, the latch 16 is urged slightly in the clockwise
direction and rotated, and the rotation is regulated by the
projection 3a (Figure 1) of the base 3.

For this reason, the 1latch 16 is balanced either with the
operating pins l6a and 16b respectively engaging the engaging
recess 1lob and engaging portion 15c¢ of the lever 15 or with a
slight gap therebetween (Figure 5). The rotational position of
each member at this time will hereinafter be referred to as a

home position.

The coil support 8a is curved to the left side of Figure 2 and
the point end portion 8¢ thereof is pointed in wedge form.
This point end portion 8c becomes engageable with the latch
plece léc, when the latch 16 rotates counterclockwise from the
home position and reaches the restricted position, as described
later. As a result, the counterclockwise rotation of the

actuator arm 6 1s regulated.

The home position of the latch 16 corresponds to a release
position at which the regulation of the counterclockwise

rotation of the actuator arm 6 is removed.

The outer C/S 17, stood up in the base 3 and consisting of an
elastic body, is a stopper to limit the clockwise rotation of
the actuator arm 6 (Figure 1). When the actuator arm 6 is at
the home position, the outer C/S 17 is located at a position on
the base 3 that the coil support 8a abuts.
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The sensing protrusion 1l6e of the latch 16 is formed at a
position slightly spaced from the contact portion 8d of the
coll support 8a, when the actuator arm 6, the lever 15, and the
latch 16 are at the aforementioned respective home positions
(Figure 5).

Figure 2 shows the condition when the actuator arm 6 is rotated
slightly from the home position in the clockwise direction.
The outer C/S 17 at this time is pushed in the direction of
arrow D by the coil support 8a and warps in the same direction
from the condition shown by a broken line. Also, the movement
of the coil support 8a in the direction of arrow D pushes the
sensing protrusion 1l6a of the latch 16, whereby the latch 16
rotates slightly in the éounterclockwise direction. However,
the lever 15 keeps its home position, because it is not
atfected by the counterclockwise rotation of the latch 16.

Notice that the sensing protrusion 16e is an engaging portion
that engages with the coil support 8a of the actuator arm 6.

Also, the curved portion of the coil support 8a has a magnetic
metal piece 8e embedded therein. With the effect of the magnet
(not shown) held on the upper magnet holding plate 14 (Figure
1) to the metal piece 8e, the actuator arm 6 is urged clockwise
near its home position and the coil support 8a is brought into
contact with the outer C/S 17.

The 1lever 15 1is constructed so that it has a sufficiently
larger moment ~of 1inertia, compared with the 1latch 16. The
actuator arm 6 holding the coil 13, the lever 15, and the latch
16 are each constructed so that the center of gravity 1is
present on each axis of rotation and rotational force does not

occur due to a shock that is produced by linear movement .

On the other hand, because of a shock produced by movement
accompanied by rotation, there is a possibility that the
actuator arm 6 will rotate and tly out from its unloading
position. But, the 1inertial latch has the function of

_14_
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preventing the actuator arm 6 from flying out from the
unloading position.

There are various kinds of motions accompanied by rotation and
1t 1s not easy to analyze all the motions. But, as a simple
example, consider the case where the hard-disk apparatus is

Figure 9 shows a test table 130 for giving the hard-disk
apparatus 1 a shock produced by movement accompanied by
rotation. This test table 130 is used for freely rotatably
holding the entire hard-disk apparatus 1 and constructed so
that the axis of the rotating shaft 131 approximately aligns
with that of the rotating shaft 9 of the actuator arm 6.

Figure 9 shows the condition when the disk 2 is located above
the rotating shaft 9. In this condition, the actuator arm 6,
the lever 15, and the latch 16 are located at the

atforementioned respective home positions shown in Figure 5.

The latch piece 1l6c¢c of the latch 16 in this condition is at the
position that cannot engage with the point end portion 8c of
the coil support 8. The actuator arm 6 rotates from its home
position in the direction of arrow Rl as needed, whereby the
slider 10 can move over the recording surface of the disk 2.

If the hard-disk apparatus 1 is rotated from this condition in
the direction of arrow B4 to crash the side portion 21 thereof
against a rubber stopper 132 on a stopper table 133, as shown
in Figure 10, this shock causes the actuator arm 6, the lever
15, and the latch 16 to rotate counterclockwise, i.e., in the

directions of arrows B1, B2, and B3 respectively shown in
Figure 5.

Figure 6 shows the condition immediately after each member has
been rotated by this rotational force. The engaging recess 15b
of the lever 15 pushes the operating pin 16a of the latch 16

- 15 —
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and assists the latch 16 to rotate in the direction of arrow
B3. The rotation of the latch 16 in the direction of arrow B3
causes the latch piece 16c to engage with the point end portion
8c of the coil support 8a of the actuator arm 6, whereby the
rotation of the actuator arm 6 in the direction of arrow Bl 1is

prevented.

regulated by the latch 16, the angle through which the lever 15
moves from the home position to the restricted position in
order to rotate the latch 16 is designed to be smaller. For
this reason, the 1latch 16 rotates rapidly, whereby the

Next, 1f the hard-disk apparatus 1 is rotated from the
condition in Figure 9 in the direction of arrow C4 to crash the
side portion 22 thereof against the rubber stopper 132 on the
stopper table 133 at a predetermined circumferential speed, as
shown in Figure 11, this shock causes the aCtuator arm 6, the
lever 15, and the latch 16 to rotate clockwise, i.e., in the
directions of arrows (1, C2, and C3, respectively, shown in
Figure 5. Figure 7 shows the condition lmmediately after each
member has been rotated by this rotational force.

Although the 1latch 16 attempts to rotate in the direction of
arrow C3, finally it rotates in the direction of arrow B3,
because the force of pushing the operating pin 16b of the latch
16 by the engaging portion 15¢ of the lever 15 having a larger
moment of 1inertia is strong. Furthermore, the latch 16 is
subjected to a force in the same direction, since the sensing

protrusion lé6e is pushed by a shock at this time, as described
later.

On the other hand, the actuator arm 6 1is rotated once in the

— 16 -
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direction of arrow Cl, but the coil support 8a pushes the outer
C/S 17, which has elasticity and limits rotation in the same
direction. With the reaction, the actuator arm 6 rotates in
the direction of arrow Bl. Because of the shock produced in
pushing the outer C/S 17, it warps in the direction of arrow D,
as shown 1n Figure 2. With this, the sensing protrusion l1l6e of
the latch 16 is pushed and the latch 16 is subjected to
rotational force in the direction of arrow B3 (Figure 7).

With this rotational force, the latch 16 rotates rapidly to a
position engageable with the point end portion 8c of the
actuator arm 6 and engages with it, as shown in Figure 7. This
engagement prevents the actuator arm 6 from further rotating in
the direction of arrow B3.

Next, 1n an inertial latch such as the aforementioned, the side
portion 21 of the hard-disk apparatus 1 is crashed against the
rubber stopper 132 on the stopper table 133, as shown in Figure
10, for example. At this time, a description will be made of
the movement of each part in the case where the shock exceeds a
certalin level.

Flgure 12 is a timing diagram showing movement of each part of
the 1inertial latch at the time of the shock. The horizontal
axls 1ndicates the lapse of time t, and the vertical axis of
Figure 12 (a) indicates the strength of the shock. The vertical
axls of Figure 12(b) indicates the rotational amount of the
actuator arm 6 from its home position in the directions of
arrows Bl and Cl, the vertical axis of Figure 12(c) the
rotatlional amount of the latch 16 from its home position in the
directions of arrows B3 and C3, and the vertical axis of Figure
12{d) the rotational amount of the lever 15 from its home

position in the directions of arrows B2 and C2.

In Figure 12(b) the rotational range Q indicated by two broken
lines indicates the rotational range of the actuator arm 6

engageable with the latch 16. In Figure 12(c) the rotational
range R 1indicated by two broken lines indicates the rotational

- 17 -
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range of the latch 16 engageable with the actuator arm 6, and
the upper broken line S also represents the maximum rotational
position of the latch 16 in the same direction.

If a shock occurs at time tl, the actuator arm 6, the lever 15,
and the latch 16 all rotate in the counterclockwise directions
of arrows Bl, B2, and B3, respectively, as previously
described. The respective rotations stop around time t2. This
is why the latch piece 16c of the latch 16 engages wilith the
point end portion 8c of the actuator arm 6 as shown in Figure
7. The actuator arm 6 1is given rotational force in the

~direction of arrow Cl mainly by the reaction of this engagement
(1.e., crash).

And the actuator arm 6 crashes against the outer C/S 17 at its
home position around time t3 and warps the outer C/S 17 in the
direction of arrow D (Figure 8). As previously described, the
actuator arm 6 also pushes the sensing protrusion 16e of the
latch 16 that has already returned to its home position by the
urging force given to the metal piece 16d, thereby rotating the
sensing protrusion l6e in the direction of arrow B3.

Figure 8 shows the condition of each member at time t4 at this
time. The lever 15 stops at its home position, while the latch
16 goes into the rotational range R engageable due to the shock
at this time. And the actuator arm 6 indicates the moment it
flies out from its home position.

At time t5, again the latch piece 16c of the latch 16 and the
point end portion 8c of the actuator arm 6 engage with each
other, whereby movement of both stops. Thereafter, the
actuator arm 6 returns to its home position by weak repulsion
against the shock at this time, the urging force of the
inclined surface 11b of the ramp 1ll, and the urging force given
to the metal piece 8e. Also, the latch 16 returns to its home

position by the urging force given to the metal plece 16d and
stabilizes.
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While a description has been made of the operation of the
hard-disk apparatus 1 of the present invention due to an
external shock, the hard-disk apparatus 1 also operates
effectively when the actuator arm 6 runs recklessly and crashes
into the outer C/S 17, during operation of the hard-disk
apparatus 1. '

That is, the actuator arm 6 at this time makes the outer C/S 17
bend in the direction of arrow D (Figure 8) and also pushes the
sensing protrusion 16e of the latch 16, thereby rotating the
latch 16 in the direction of arrow B3. The actuator arm 6 that
crashed against the outer C/S 17 rotates in the direction of Bl
due to the repulsion, but stops the rotation in the same
direction by the engagement between the latch piecé l16c of the
latch 16 rotated by the sensing protrusion 16e and the point
end portion 8c of the actuator arm 6.

In the aforementioned embodiment, while the latch 16 has been
provided with the metal piece 16d in order to urge the latch 16
slightly in the clockwise direction by magnetic force, the
present 1invention is not to be limited to this. For example,
the rotating shaft 19 may be provided with a toggle spring
whose opposite ends are connected to the base and the latch in

order to give the latch the same urging force.

Also, in the aforementioned embodiment, the outer C/S 17 is
constructed of an elastic body, which is warped by the coil
support 8a. This warp enables the actuator arm 6 to rotate
slightly in the clockwise direction from its home position.
However, ’the present 1invention is not to be limited to this.
An elastic portion, such as a rubber portion, may be provided
in the contacted portion between the coll support 8a and the

outer C/S 17 in order to obtain the same operation by
deformation of the elastic portion.

In addition, the lever 15 has been employed as a rotary member,
but the present invention is not to be limited to a member

- 19 -
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having this shape. For 1nstance, it may be a disc-shaped
memper. Various kinds of rotary members are conslidered, as
long as they can achieve the same operation and motion.

[Industrial Applicability]

According to the present invention, the actuator arm of the
disk apparatus rotates due to an external shock, as in the
conventional inertial 1latch and can prevent the slider from
falling to the recording surface of the disk which is not
rotating. In addition, when there is a great shock, rotation
of the actuator arm that could not be prevented by the
conventional mechanism can be prevented with reliability.
Therefore, the present invention can provide a disk apparatus
whose reliability is higher with respect to a shock.

Furthermore, the disk apparatus according to the present
invention can prevent the slider with a head from falling to
the recording surface of the disk, even when the actuator arm

runs recklessly and the spindle motor stops, during operation
of the disk apparatus.




1.

CA 02372009 2001-10-12

CLAIMS

A disk apparatus comprising:

an actuator arm with an end rotatable in a first direction
from its home position located outside a recording surface

of a disk so that said end can be moved over said

recording surface;

a latch swingable between a restricted position and a

- release position, said latch engaging with saild actuator

arm at said restricted position to restrict the rotation
of said actuator arm in said first direction;

a rotary member greater in moment of 1inertia than said
latch, said rotary member engaging with said latch and
rotating to make said latch rotate to said restricted

position; and

a stopper for restricting the rotation of said actuator
arm from said home position in a second direction opposite

from said first direction;

wherein at least a portion of at least either said
actuator arm or said stopper 1is elastically deformable,
and when said actuator arm rotates 1n said second
direction, sald actuator arm 1s further rotated by elastic

deformation of said portion after said actuator arm abuts
sald stopper; and

wherein said latch 1s provided with an engaging member
that engages with said actuator arm to make said latch
rotate to said restricted position by a shock produced by

the engagement, when said actuator arm is further rotated
by said elastic deformation.

The disk apparatus as set forth in Claim 1, wherein said

_21_.,



CA 02372009 2001-10-12

stopper has elasticity.

The disk apparatus as set forth in Claim 1, whereiln
centers of gravity of said rotary member and said latch
are formed so as to be present on axes of rotation of said

rotary member and said latch, respectively.

The disk apparatus as set forth in Claim 1, further
comprising means to urge said latch in a direction of
releasing engagement between said latch and saild actuator

daXll.
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Figure 1

s S YA AL, A 1 S = g oy e v

o -~ s s s ey s Nt . M




CA 02372009 2001-10-12

[Figure 2]
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[Figure 3]

[Figure 4]
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Figure 5
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[Figure 7]

[Figure 8}
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[Figure 9]

[Figure 10]




CA 02372009 2001-10-12

[Figure 11]
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Figure 12
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[Figure 13]
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[Figure 14]

[Figure 15}
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[Figure 16]
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[Figure 18]
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[Figure 19]
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