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DISK DRIVE

BACKGROUND OF THE INVENTION

The present invention relates to a new disk drive,
.and particularly to a disk drive in which a self-aligning
mechanism for canceling an unbalance of a recording medium
disk is provided in a rotation drive portion for rotating
the recording medium disk, wherein the self-aligning .
mechanism is improved to certainly achieve the function
thereof;

The schematic configuration of one example of a
related art disk drive is shown in Figs. 1 and 2.

A disk drive "a" includes a mechanical chassis "“b*
on which necessary members and parts are mounted.

A spindie motor ;d" for rotating a turn table "c"
is disposed on one end portion of the mechanical chassis
"b". An optical disk "e" is supported on the turn table
“c" and is rotated by the spindle motor "d" together with
the turn table "c". An optical pickup "g" is disposed on
the mechanical chassis "b", which pickup is moved by a
thread motor "f" in the radial direction of the optical
disk "e" supported on the turn table "c“f A dri?e uniﬁ
"h" is configured by the mechanical chassis "b" on which

necessary members and parts are disposed as described

+ -y



above. The drive unit "h" is mounted on a base chassis
"j" via elastic bodies "i". The optical disk "e" is
disposed in an unbalance state, that is, in a state in
which the center of gravity is not positioned at the
center of the mechanical chassis "b", and accordingly,
when the optical disk "e" is rotated at a high speed,
there occurs vibration. The reason why the elastic bodies
"i" are interposed between the drive unit "h" and the base
chassis “j“.is to prevent such vibration caused by high
speed rotation of the optical disk "e" from being
transmitted to the outside of the disk drive "a".

A counter weight “k* is mounted on the mechanical
chassis "b" on the side, on which the optical pickup "g"
and_thread motor "f" are disposed, with respect to a.
horizontal line H-H passing-thr§ugh the rotational center
of the optical disk "e", that is, the rotational center
“Q" of the spindle motor "dv.

The spindle motor "d" has a self-aligning mechanism.

The self-aligning mechanism of the spindle motor
ngw functions on the basis of the following principle:

Fig. 3 shows a self-balancing device I as one -
example of the automatic self-aligning mechanism. The

self-balancing device "I" includes a holder "m" having an

annular race portion, and a plurality of balls "n* freely
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movable on the holder “m".

In the case where the optical disk "e" supported on
the turn table "c" in the unbalanced state is rotated at a
frequency higher than a resonance frequency of a vibration
system composed of the drive unit "hﬁ'and the elastic
bodies "i", the drive unit "h" is vifrated with its phase
delayed approximately 180" from the phase of the unbalance
of the optical disk "e". Since the balls.“n" are
automatically moved in the direction in which thg drive
unit "h" is vibrated, that is, moved on the reversed phase
side to the unbalance of the opﬁical disk "e", the balance
of the drive unit "h" is automatically kept by the
movement of the balls "n". .

If the drive unit "h" is vibrated by rotation of
the opﬁical disk "e" disposed in the unbalanced state, not
only readout or writing of signals in or from the optical
disk "e" may be not sufficiently performed but also the
vibration, if it is transmitted to the outside of the disk
drive "a", may exert adverse effect on the peripheral
environment, for example, may-inducé vibration of
peripheral equipment such as a hard disk drive, leading to
malfunction thereof. However, the self-aligning mechanism
provided on the spindle motor "4" makes it possible to

prevent the above-described adverse effect.



Incidentally, in the relateﬁ art disk drivé "an,
the counter weight "k" is mounted on the mechanical
chassis "b" on the side, on which the optical pickup "g*
and thread motor "f" arg disposed, with respect to the
_ﬁorizontal line H-H passing through the rotational center
of the optical disk "e", that is, the rotational center
"O" of the spindle motor "d". The reason for this is as
follows:

The position of the center of gravity G of the
entire drive unit "h" is determined depending_on the
arrangement of the optical pickup "g", thread motor "f"
and the like mounted thereon and the shape of the
mechanical chassis "5" itself.

In the case where the center of gravity G is. not
positioned at the center qf the drive unit *h", there
occurs an inconvenience that if the mechanical chassis “pn
is made from a resin material having a poor rigidity, the
mechanical chassis "b" is largely distorted by vibration
caused by high speed rotation of the optical disk "e"
disposed in the unbalanced state, with a result that thé
optical pickup "g" cannot correctly read information
stored in the optical disk "e". This is due to the fact
that there occurs a difference in vibration amplitude and

vibration phase between the right and left sides of the




mechanical chassis "b" resulting from the shifting of the
center of gravity G from the center of the mechanical
chassis "b", so that the mechanical chassis "b" is twisted.
Accordingly, in order to shift the center of gravity G of
the drive unit "h" to the center of the drive unit "h"
itself, the counter weight "k" is disposed at the above-
described position.

However, when the center of gravity G of the drive
unit "h" is largely shifted from the rotational center "O"
of the optical disk "e" as in the related art disk drive
"a", vibration resulting from unbalance of the optical
disk "e", that is, the orbit of vibrgtion of the axis
resulting therefrom becomes an elliptiéal o:bit designated
by symbol "o" in Fig. 2. The reason for this is that
since the vibratiénal input is offset from the center of
gravity, there occurs vibration of 2 degrees of freedom
system having parallel wvibration and rétational vibration.

If the orbit of vibration éf the axis becomes an
elliptical orbit, the operation of the self-aligning
mechanism becomes unstable, failing to sufficiently
achieve the performance thereof.

Further, as in the disk drive "a", even if the
counter weight "k" is not provided, thé center of gravity

of the drive unit "h" is shifted from the rotational



center of the spindle motor "d4dn tq the side on which the
optical pickup "g", thread motor "f" and the like are
disposed, with a result that the orbit of Qibration caused
by high speed rotation of the optical disk "e" dispbsed in
the unbalanced state becomes an elliptical orbit and
thereby the self-aligning mechanism also fails to
sufficiently achieve the performance thereof.

Accérdingly, in the conventional disk drive, the
self-alignment mechanism fails to sufficiently achieve the
performance thereof irrespective of provision of the
counter weight "k". This obstructs the rotational speed
of a recording medium disk from being increased for making

fast the transfer speed of data. .

SUMMARY .OF lTHE INVENTION

An object of the present invention is to provide a
disk drive allowing a self-alignment mechanism to
sufficiently achieve the performance thereof by making the
center of gravity of a drive unit close to the rotational
center of a recording medium disk.

To achieve the above object, according to the
present invention, there is provided a disk drive
including: a drive unit including a mechanical chassis, a

spindle motor for rotating a turn table on which a



recording medium disk is supported, and a pickup movable
in the radial direction of the recording medium disk
supported by the turh table for reproducing and/or
recording signals from and/or in the recording medium
disk; a base chassis for supporting the drive unit via an
elastic body; a self-aligning mechanism including a holder
rotatable together with a rotor portion of the spindle
motor and a balance member movable in the holder; and a
counter weight disposed at a position suitable to allow
the center of gravity of the drive unit to be located in
conformiﬁy to or in proximity to the rational center of
the spindle motor.

Accordingly, in the disk drive of the present
invention, since the center of gravity of the drive unit

is located in conformity to or in proximity to the

.rotational center of the spindle motor, the orbit of

vibration of the rotational center of a recording medium
disk becomes an orbit substantially having a circular
shape. As a result, a force caused by vibration of the
drive unit is made stable in any phase direction, so that
the balance member caﬁ be readily moved to such a position
as to cancel the unbalance, that ig, to an equilibrium
position.

This makes it possible to readily cancel or reduce



vibration caused by high speed ro;ation of the recording
medium disk disposed in the unbalanced state, and hence to
allow the recording medium disk to be rotated at a high
speed, thereby making fast the transfer speed of data.

The above counter weight is preferably disposed on
the mechanical chassis. With this configuration, it is
possible to dispoée the counter weight readily, and to
allow the center of grévity of the drive unit to be easily
close to the rotational center of the spindle motor.

Preferably, the holder of the self-aligning
mechaqism is a ring-like housing, and the-balance member

is a plurality of balance balls movably aisposed in the
héusing. With this configuration, it is possible to

simplify the configuration of the self-aligning mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic perspective view showing a
related art disk drive;

Fig. 2 is a schematic plan view of the related art
disk drive;

Fig. 3 is a view illustrating the principle of a
self-balancing device;

Fig. 4 is a schematic perspective view showing one

embodiment of a disk drive of the Present invention;



Fig. 5 is an enlarged vertigal sectional view of a
rotation drive portion of the disk drive;

Fig. 6 is a schematic plan view of the disk drive;
and

Fig. 7 is a diagram illustrating an effect of the

orbit of vibration exerted on a self-aligning mechanism.

DESCRIPTION OF THE PREFERRED EMEBODIMENT

Hereinafter, one embodiment of a disk drive
according to the present invention will be described with
reference to the accompanying drawings.

In the embodiment shown in the figures, the present
invention is appliéd to an optical disk drive for
recording and/or reproducing information in and/or from an
optical disk.

As shown in Fig. 4, an optical disk drivé 1 is
configured such that a drive unit 3 composed of a
mechanical chassis 2 on which necessary members and parts
are mounted is mounted on a base chassis 5 via elastic
bodies (dampers) 4.

A spindle motor 6 is fixed on an end portion of the
mechanical chassis 2 via a stator board 7.

As shown in Fig. 5, a cylindrical shaft supporting

portion 8 is fixed in the stator board 7, and a spindle



shaft 9 is rotatably supported by.the shaft supporting
portion 8 via bearings 10. The lower end of the spindle
shaft 9 is supported by a thrust bearing 11 mounted to the
shaft supporting portion 8. A stator coil 12 is fixed to
the stator board 7 in such a manner as to surround the
shaft supporting portion 8.

A rotor yoke 13 made from a magnetic material is
fixed to the spindle shaft 9 in such a manner that a
peripheral wall portion thereof surrounds the outef side
of the stator coil 12. A rotor magnet 14 is fixed on the
inner surface of the peripheral wall portion of the rotor
yoke 13 in such a manner as to face to the stator coil 12.
With this configuration, when a curreﬁt is applied to the
sgator coil 12, the rotor yoke 13 is rotated, and the
spindle shaft 9 to which the rotor yvoke 13 is fixed 1is
rotated.

A turn table 15 is fixed on the upber end portion
of the spindle shaft 9.

A self-aligning mechanism 16 is provided between
the rotor yoke 13 and turn table 15. The self-aligning
mechanism 16 includes a housing 17 and a plurality of
balance balls 18 movably contained in the housing 17. The
housing 17 is formed by a dish-like member fixed on the

spindle shaft 9, and the upper surface of the housing 17
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is blocked by the turn table 15.

An optical pickup 19 is located on the mechanical
chassis 2 and is supported by guides.21 and 22 in such a
manner as to be movable in the radial direction of the

optical disk 20 supported on the turn table 15.

A rack gear 23 is provided on the optical pickup 19.

The rack gear 23 is fed by a pinion gear 25 rotated by a
thread motor 24 fixed on the mechanical chassis 2, so that
the optical pickup 19 is moved in the radial direction of
the optical disk 20 supported on the turn table 15 while
being guided by the guides 21 and 22.

A counter weight 26 is disposed on the mechanical
chassisiz on the side opposed to the side on which the
optical pickup 19, thread motor 24 and the like are
disposed with respect to the rotational center O of the
spindle motor 6. The disposition of the counter weight 26
allows the center of gravity G' of the drive unit 3 to be
in conformity to or in proximity to the rotational center
O of the spindle motor 6.

The counter weight 26 is preferably formed by a
member having a high density such as laminated steel
sheets or a sinteréd metal member. The coqnter weight 26

is not necessarily disposed on the mechanical chassis 2

-

but may be disposed on another portion, for example, on
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the stator board 7 on which the spindle motor 6 is
supported. Also, if part of the counter weight 26 is
protruded from the rotational center O of the spindle
motor 6 to the side on which the optical pickup 19 and the
like are disposed, there is no pProblem insofar as the
cénter of gravity of the counter weight 26 itself is
positioned on the side opposed to the side on which the
optical pickup 19 and the like are disposed. The shapé of
the counter weight 26 itself is not particularly limited.
Although only one counter weight 26 is provided in this
embodiment, ‘a plurality of counter weights may be provided.

In addition, necessary members and parts other than
those described above are mounted on the mechanical
chassis 2, to constitute the drive unit 3.

The optical disk 20 supported on the turn table 15
is rotated together with:the turn table 15 by drive of the
spindle motor 6 and the optical pickup 19 is moved in the
radial direction of the optical disk 20, to thereby record
and/or reproduce signals in and/or from the optical disk
20.

At this time, if vibration occurs resulting from
vibration of the optical disk 20 supported on the turn
table 15; the balance balls 18 of the self-aligning

mechanism 16 are moved to such positions as to cancel the
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unbalance of the optical disk 20, to eliminate or reduce
the above vibration.

As described above, in the optical disk drive 1 of
the present invention, since the counter weight 26 is
disposed on the mechanical chassis 2 on the side opposed
to the side on which the optical_pickup 19, thread motor
24 and the like are disposed with respect to the
fﬁtational center 0 of the spindle mofor 6, the center of
gravity G' of the drive unit 3 is, as shown in Fig. 6, in
conformity to or in proximity to the rotational center 0
of the spindle motor 6. Accordingly, the orbit of
vibration caused by the unbalance of the opticai disk 20
becomes a circular orbit, to allow the self-aligning
mechanism 16 to readily, certainly achieve the aligning
function thereof.

The reason for this will be described with
reference to Fig. 7.

The balance ball 18 receives a centrifugal force
expressed by Fr = mrw? caused by rotation of the housing
17, and a force expressed by Fe = mew? caused by vibration
of the drive unit 3.

In the above equ;tions, "m" designates the mass of
the balance ball 18; "r" is the revolution radius of the

balance ball 18 when the balance ball 18 is positioned on
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the bottom of the housing 17; "e" is an amplitude of
vibration of the drive unit 3; and @ is a rotatiqnal
number of the spindle motor 6.

In a state in which only the spindle motor 6 is
rotated, only the centrifugal force Fr is exerted on the
balance ball 18, so that the balance ball 18 is only
pressed on the inner peripheral surface of an outer wall
of the housing 17. In such a state, however, if the drive
unit 3 is vibrated to produce the force Fe, a resultant
force F, which is offset from the centrifugal force Fr by
a deviation angle @, is préduced. As a result, the
balance ball 18 is moved inthe peripheral direction, to
thus adjust the balance.

However, in practice, since Ehere is a rolling
friction coefficient 4 between the balance ball 18 and the
housing 17, the balance ball 18 cannot be moved unless the
deviation angle @ satisfies a relationship of u<< taﬁ a.

Here, the deviation angle @ can be expressed by
@ = sin™ (Fe sin@/F) (0: angle formed between Fr and Fe) .

‘Accordingly, as the force Fe produced by vibration
of the drive unit 3 becomes larger, the allowable rolling
fridtioﬁ coefficient 4 becomes larger.

In the case where the center of gravity G of the

drive unit "h" is largely shifted from the rotational
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center of the optical disk "e" as in the related art disk
drive, the orbit of vibration of the axis becomes the
elliptical orbit_“o". As a result, the force Fe in the
major diréctibn of the ellipse becomes larger to increase
the allowable rolling friction coefficient, so that the
balls "n" can move easily, thereby making easy the
operation of the self-balancing device I; however, since
"the force Fe in the minor direction of the ellipse becomes
smaller to decrease the allowable rolling friction
coefficient, the balls "n" are hard to move, thereby
making hard the operation of the self-balancing device I.
On the coﬂtrary, in the optical disk.drive 1, since
the counter weight 26lis disposed on the mechanical
chassis 2 on the side opposed to the side on which éhe
pptical pickup 19, thread motor 24 and the like are
disposed with respect to the rotational center O of the
spindle motor 6, the center of gravity G' of the drive
unit 3 is in conformity to or in proximity to the
rotational center of the optical disk 20, that is, the
center O of the spindle shaft 9. Accordingly, the orbit
of vibration of the rotational center of the optical disk
20 can be changed from thé elliptical orbit into a
substantially circular orbit 27, so_théﬁ the force Fe is

made stable in any phase direction, to thereby make easy
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the operation of the self-aligning mechanism 16.

In the above embodiment, the self-aligning
mechanism 16 includes the ring-like housing 17 and a
Plurality of balance balls 18 movably disposed in the
housing 17; however, the self-aligning mechanism is not
limited thereto but may be configured into any form
insofar as it has a balance member which is moved, if
there occurs vibration caused by unbalanced center of
gravity of a rotating body, in the direction for
compensating for the unbalanced center of gravity.

While in the above embodiment the present invention
is applied to an-optical disk drive for recording and/or
reproducing information in and/or from an optical disk,
the present invention ié not limited thereto but may
applied to a disk drive employing another type of a
recording medium disk.

It should be noted that the description of the
shapes and structures of respective parts in the above
embodiment is for illustrative purposes only for carrying
out the present invention, and therefore, the technical
scope of the present invention must not be restrictively

interpreted on the basis of these specific terms.
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This Sheet Has Been Rep
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What is Claimed is:

1. A disk drive comprising:

a drive unit including a mechanical chassis, a
spindle motor for rotating a turn table on which a
recording medium disk is supported, and a pickup movable
in the radial direction of said recording medium disk
supported by said turn table for reproducing and/or
recordihg signals from and/or in said recording medium
disk;

a base chassis for supporting said drive unit via
an elastic body;

a self-aligning mechanismﬁincluding a holder
rotatable together with a rotor portion of said spindle
motor and a balance member movable -in s;id holder; and

a counter weight disposed at a position suitable to
allow the center of gravity of said drive ﬁnit to be
located in conformity to or in proximity to the rational
center of said spindle motor.

2. A disk drive according to claim 1, wherein said
counter weight is disposed on said mechénical chassis.

3. A disk drive according to claim 1, wherein said
holder of said self-aligning mechanism is a ring-like

housing, and said balance member is a plurality of balance

balls movably disposed in said housing.
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