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The present invention relates to a rotary

‘information recording/reproducing apparatus for turning

and positioning a head to a predetermined point on an

information recording disk and, more particularly, to a

rotary information recording/reproducing apparatus which

has a smaller size and can ‘position a head at a high

speed and with high accuracy.

A prior art magnetic disk apparatus will be

described, taking U.S. Patent No. 5,027,242 as an

example. Information recording disks arranged one above

another are driven to rotate at a constant speed L

disk rotating motor fixed to a base. Heads are su

by carriagelguide arms through head suspensions in such a

manner that each head is floated with a small gap held

relative to an associated disk for recording/reproducing

information. High-speed and highly accurate positioning

of the head is performed by rotatively driving the

carriage with a voice coil motor. The carriage is

mounted and supported through ball bearings on and by a

pivot shaft fixed to the base such that the carriage can

rotate about the pivot shaft. The voice coil,mo;or,

comprises a voice coil, permanent.magneﬁs and a yoke. Of
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these components, the voice Eoil is attached to the .

carriage, whereas the permanent magnets and the yoke

"(both serving as parts of a magnet-yoke assembly) are

fixed to the base. Since the voice coil surrounded by
the magnet-yoke assembly in sandwiched relation is under
the action of a magnetic field, the carriage is
rotatively driven when the voice coil is supplied with
electric power.

However, when a driving force is generated in
the voice coil with the supply of'electric power to the
voice coil, a resultant reaction force acts on the
magnet-yoke assembly of the voice coil motor to vibrate
the base, thereby causing vibration excitation of the
disk. Also, with the generation of the driving force in
the voice coil, translational excitation force acts on
the carriage pivot shaft at the same time, thereby
vibrating a carriage supporting system. A resultant
vibration force acts on the disk driving motor to vibrate
it, and hence the disk is further vibrated.

In view of the above problems, the prior art
disclosed in Japanese Unexamination Patent Publication
No. 1-222647 and U.S. Patent No. 4,620,252, for example,
has been proposed. The prior art apparatus includes two
flat type driving coils attached to a carriage on
opposite sides of the carriage pivot shaft axis. Two
sets of magnet-yoke assembly are arranged in non-contact
relation to the driving coils for rotating the carriage

by a couple. This arrangement is intended to prevent the
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carriage pivot shaft and to reduce vibration of a
structural member caused by the carriage motion.

According to the prior art disclosed in the
above-cited Japanese Unexamination Patent Publication No.
1-222647 and U.S. Patent No. 4,620,252, however, an
information recording disk having a sufficiently large
outer diameter cannot be accommodated in a housing of the
apparatus, making it difficult to provide the apparatus
with a large capacity. Specifically, because the two
driving coils are attached to the carriage in opposite
relation with respect.to the axis of the carriage pivot
shaft and the magnet-yoke assemblies are arranged around
the driving coils, the axis-to-axis distance between the
carriage pivot shaft and a disk rotating shaft or spindle
must be set to be greater than required in other conven-
tional épparétus using one driving coil, in order to
avoid interference between the carriage and the disk. If
a disk having a conventional large outer diameter is
installed in the apparatus housing, the size of the appa-
ratus must be increased in the longitudinal direction
thereof.

Further, in order to satisfy form factor dimen-
sions such as 1.3, 1.8, 2.5, 3.5 or 5.25 inches which are
standardized for small-sized magnetic disk apparatus, the
disk size must be reduced to such an extent as not
departing from the apparatus dimension in the longi-

tudinal direction. This leads to a reduction in storage
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capacity of the apparatus. In addition, the greater

axis-to-axis distance as discussed above enlarges the
size of a carriage guide arm, resulting in the increased
inertial moment of rotating members. This requires a
longer access time and, if the output of a carriage
driving motor is increased as measures for avoiding such
a drawback, the apparatus size would be necessarily
enlarged. Thus, it has been difficult to realize a
mechanism which can maintain the apparatus within the
standardized form factor dimension, to suppress vibration
imparted to a disk via a base or carriage to the extent
possible, and to position the head at a high speed and

with high accuracy.

The first feature
of thé present invention resides in a rotary information
recording/reproducing apparatus which includes at least
one disk for recording information, a carriage supporting
a head to record/reproduce information on oxr from said
disk and being positioned in the radial direction of said
disk, and a carriage driver for applying a torgue to said
carriage, a carriage actuator including two driving coils
attached to said carriage and a magnet-yoke assembly
which comprises permanent magnets and at least one yoke,
said magnet-yoke assembly and said driving coils being
attached to said carriage substantially on opposite sides
of a carriage pivot shaft axis and at a position just
outward of a region where magnetic flux leaking from said

magnet-yoke assembly affects said disk.
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resides in a rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of.said disk, a
carriage driver for applying a torgue to said carriage,
and a housing comprising a base and a cover to suéport
and accommodate said disk, said head, said carriage and
said carriage driver, a carriage actuator including two
driving coils attached to said carriage and a magnet-yoke
assembly which comprises permanent magnets and at least
one yoke, the arrangement being such that the angle
formed between a line connecting the center of the first .
driving coil and the center of said carriage pivot shaft
and another line connecting said head and the center of
said carriage pivot shaft is not larger than 90 degrees
and that the angle formed between the center lines of the
first and second driving coils about the center of said
carriage pivot shaft is withiﬁ the range of from 100
degrees to 150 degrees.

The third feature of the present invention
resides in a rotary information recording/reproducing
apparatus which includes at least one disk for fecording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying.a torque to said carriage,

and a housing comprising a base and a cover to support
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and accommodate said disk, said head, said carriage and
said carriage driver, a carriage actuafor including two
driving coils attached to said carriage and a magnet-yoke
assembly which comprises permanént magnets and at lease
one yoke, the arrangement being such that the angle
‘formed between a line connecting the center of the first
driving coil and the center of said carriage pivot shaft
.and another line connecting said head and the center of
said carriage pivot shaft is not larger than 90 degrees
and that the angle formed between the center lines of the
first and second driving coils about the center of said
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, said first and second driving coils being
flat in shape, means for supporting said magnet-yoke
assembly, said supporting means being mounted on one
surface of said base outwardly of an outer peripheral
surface of said magnet-yoke assembly, said magnet-yoke
assembly supporting means being arranged to be within the
dimension from said one surface of said base to an end
face of said mégnet-Yoke assembly spaced from said one

base surface.

The present invention may

realize a reduction in both apparatus size and thickﬁess
and, hence, to provide a rotary information recording/
reproducing apparatus which is withiﬁ the standardized
form factor dimension.

The present invention may
provide a high-performance rotary information recording/

reproducing apparatus equipped with a low-vibration head
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itioning mechanism in which an information recording
si

po
disk is pTr
generated with driving of a carriage, and a translational

evented from vibrating due to a reaction force

excitation force acting on a carriage pivot shaft upon
generation of a carriage torque is reduced to the extent

possible. .
In a preferable embodiment of the present

invention, said magnet-yoke assembly supporting means
includes at least three sheet springs, two assembly-
supporting members and reaction-force damping members,
said sheet springs being mounted radiating out from said
carriage pivot shaft between the outer peripheral surface
of said magnet-yoke assembly and said assembly-supporting
members such that each of said sheet springs extends
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including
the sheet spring, said assembly-supporting members being
mounted to said base to support said magnet-yoke assembly
so as to be independent of said base and infinitesimally
rotatable, said reaction-force damping members being
plate-shaped members each mounted between the outer
peripheral surface of said magnet-yoke assembly and an
inner peripheral surface of one of said assembly-

supporting members.
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Alternatively, the sheet springs may be
replaced with ball bearings or sliding bearings. The
magnet-yoke assembly supporting means may comprise a
dashpot mechanism provided on the outer peripheral
surface of the magnet-yoke assembly and a assembly-
supporting member for supporting the dashpot mechanism.

Preferably, the yocke of the magnet-yoke
assembly may include an outer peripheral portion and an
inner portion lying inwardly of the outer peripheral
portion, a radial thickness of the outer peripheral
portion being greater than an axial thickness of the
inner portion. Also preferably, the yoke of said magnet-
yoke assembly has a generally semicircular shape provided
with central opening for said carriage and with a cutoﬁt
formed in continuity with said opening and having diverg-
ing edges extending substantially parallel to an outer
peripheral edge of said disk, a central angle formed
between the diverging edges of said cutout being smaller
than 180 degrees.

Further preferably, at least one sheet sprin§
is mounted between the outer peripheral surface of said
magnet-yoke assembly and said assembly-supporting member,
said sheet spring being fixed to said magnet-yoke
assembly and said assembly—supportihé member such that
said sheet spring extends substantially perpendicularly
to said base and the center of said carriage pivot shaft
is positioned in a plane including said sheet spring,

whereby said magnet-yoke assembly is returned to its
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neutral position after infinitesimal rotation.
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According to the above first feature, since the
magnet-yoke assembly id suspended and the driving coils
are mounted at a position just outwardly of a region
where magnetic flux leaking from the magnet-yoke assembly
affects the disk, the axis-to-axis distance between the
disk rotating shaft or spindle and the carriage pivot
shaft can be reduced while magnetic recording on the disk
is kept in a high-accurate state. Therefore, it is also
possible to reduce the distance between the head and the
center of the carriage pivot shaft, the distance between
the center of the carriage pivot shaft and an end face of
the apparatus, and further the apparatus size. In addi-
tion, since carriage guide arms can be shortened, the
inertial moment of the carriage is eventually reduced,
resulting in a higher-speed positioning of the head.

According to the above second feature, since
the angle formed between a line connecting the center of
the first driving coil and the center of the carriage
pivot shaft and another line connecting the head and the
center of the pivot shaft is not larger than 90 degrees,
and the angle formed between the center lines of the
first and second driving coils about the center of
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, the magnet-yoke assembly surrounding the
two driving coils in sandwiched relation can be prevented
from interfering with the disk. Also, since the axis-to-

axis distance between the spindle and the carriage is
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reduced, the carriage guide arm can be shortened and the
inertial moment of the carriage can be reduced corre-
spondingly. Further, since the two driving coils are
mounted around the carriage pivot shaft in angularly
spaced relation in the circumferential direction of the
shaft axis, the carriage can be rotatively driven by a
force substantially close to a couple so that a trans-
lational excitation force acting on the carriage pi&ot
shaft is reduced during the operation. It is to be noted
that, when the two driving coils are so mounted as to be
spaced 120 degyees, the translational excitation force
acting on the carriage pivot shaft can be reduced to a
half that produced in the prior art apparatus, and when
spaced 150 degrees, it can be reduced to a quarter. This
enables the apparatus size to be reduced within any of
the standardized form factor dimensions and is also
advantageous in respect of high-speed positioning of the
head. Additionally, components of the carriage actuator
are assembled into an integral unit. The magnet-yoke -
assembly can be attached to and detached from the

apparatus as one unit, resulting in an improvement in

" assembling efficiency.

Moreover, according to the above third feature,
since the two driving coils are flat in shape and thé
magnet-yoke assembly suppo;ting mean is mounted outwardly
of the outer peripheral surface of the magnet-yoke
assembly and is arranged to fall within the height from

the base surface to the upper end face of the magnet-yoke
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assembly, the thickness of the apparatus can be reduced
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remarkably.

In the preferred embodiment, since the magnet-
yoke assembly supporting means includes sheet springs,
assembly-supporting members and reaction-force damping
members, the magnet-yoke assembly is suspended by the
supporting means sé as to be independent of the base and
infinitesimally rotatable and is also supported through a
damping structure comprising the reaction-force damping
members. Therefore, the structural vibration of the
base, due to a reaction-force which is generated in the
opposite direction to the driving force can be reduced.
As a result, the relative displacement of the head and
disk due to structural vibration caﬁ be prevented,
thereby achieving a high-speed and highly-accurate head
positioning. A similar advantage can also be obtained by
using ball bearings or sliding bearings instead of the
sheet springs, or by employing a combination of dashpot
mechanism and assembly-supporting member to construct the
magnet-yoke assembly supporting means.

Further, when the yoke of the magnet-yoke
assembly is constructed such that the radial thickness of
its outer peripheral portion is greater than the axial
thickness of its inner portion, a structure is realized
in which the inertial moment of the magnet-~yoke assembly
subjected to the reaction force is much greater than the
inertial moment of the rotating members. As a result,

the effect of canceling the reaction force imparted to
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the base is enhanced so that the head and the disk can y,

more positively prevented from being shifted in by wvibra.
tion of the structural member, thereby achieving a high-
speed and highly-accurate head positioning. Also, when
the magnet-yoke assembly is provided with a semicircular
opening in its central portion and with a cutout defined
by rectilinear edges extending from the center to the
outer periphery thereof with a central angle between the
edges being not larger than 180 degrees, the entire
magnet-yoke assembly can be attached to and detached from
the apparatus even in a condition that the carriage and
the disk are kept assembled on the apparatus, with a
resultant improvement in the assembling efficiency.
Additionally, when the outer peripheral portion
of the magnet-yoke assembly and the assembly-supporting
member is coupled to each other by at least one sheet
spring, a mechanism for returning the magnet-yoke
assembly to its neutral position after infinitesimal
rotation can be provided to prevent the magnet-yoke
assembly and the driving coils from being offset from
their initial positions, so as to generate stable driving
force at all times, thereby achieving a high-speed and
highly-accurate head positioning.
The above and other

advantages of the present lnventlon wxll be more apparent

from the following descrxpt&xulmade merely by way of example

with reference to the accompanying drawings.
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Figure 1 is a schematic illustration of an
entire structure of the first embodiment.of a rotary
information recording/reproducing apparatus according to
the present invention;

Figure 2 is a graph showing the relationship
between a twin-coil separation angle and a translational
excitation force acting on a carriage pivot shaft, and
the range in which the standardized form factor dimension
is satisfied;

Figure 3 is an exploded view showing various
components of the embodiment shown in Fig. 1 and the
mutual positional relationship between these components
in an assembled state;

Figure 4 is a sectional view of a carriage
actuator taken along line IV -~ IV in Fig. 1;

Figure 5 is a timing chart showing an advantage
of the present invention;

Figure 6 is a schematic illustration similar to
Fig. 1, but showing the second embodiment of the present
invention;

figure 7 is an exploded view showing various
components of the embodiment shown ip Fig. 6 and the
mutual positional relationship between these components
in an assembled state;

Figure 8 is a schematic illustration similar to
each of Figs. 1 and 6, but showing the third embodiment

of the present invention;
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Figure 9 is a sectional view taken along line ‘

Figure 10 is a perspective view of a reaction-
force damping member for use in the embodiment shown in
Fig. 8;

Figure 11 is a perspective view of a modifica-
tion of the reaction-force damping member shown in Fig.
10;

Figure 12 is a sectional view of a modification
of the embodiment shown in Fig. 9;

Figure 13 is a schematic illustration of an
entire structure .0of the fourth embodiment of the present
invention; and

Figure 14 is an exploded view showing various
components of a dashpot mechanism for use in the embodi-
ment shown in Fig. 13 and the mutual positional relation-

ship between these components in an assembled state.

Referring to Fig. 1, a plurality of information
recording disks 13 arranged one above another in a direc-
tion normal to the drawing sheet of Fig. 1 are'rotatively
driven by a disk rotating motor 14 fixed to a base 12. A
head 1 used to record/reproduce information is secured to
a carriage 3 through a head suspension 2. Two ball bear-
ings 11 are mounted on a pivot shaft 4 which is fixed to
the base 12. The carriage 3 is rotatable about the axis

of the pivot shaft 4. The carriage 3 is fixed to outer
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races of the ball beéarings so as to be rotatable about
the carriage pivot shaft 4. A voice coil motor
constituted by a magnet-yoke assembly, comprising yokes
and permanent magnets, and driving coils rotates the

5 -carriage 3 for positioning the head to a predetermined
point on an associated disk 13 to thereby record or
reproduce information.

In this first embodiment, the carriage 3 is
provided with two driving coils 5a, 5B, and yokes 6A, 6B

10 (Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are
mounted so as to sandwich the driving'coils in the
direction normal to the drawing sheet.

In a prior art apparatus, the carriage 3 is
provided with only one driving coil. This driving coil

15 is mounted such that the center of the driving coil is
positioned on an extension of the line connecting the
head 1 and the carriage pivot shaft 4. To describe the
arrangement with reference to Fig. 1, such a single
driving coil is mounted at a point which is slightly

20 angularly shifted from the second driving coil 5B toward
the first driving coil 5A. 1In this arrangement, when
electric power is supplied to the driving coil under the
action of a magnetic field, a driving force is generated
in the driving coil to push an end of the carriage so

25 that a torque is exerted to rotate the carriage about the
pivot shaft. As a result, the head can be moved to a
predetermined position on the information recording disk.

However, because the driving force concomitantly produces
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a translational excitation force acting on the carriage

pivot shaft, a carriage support system is excited to
cause vibration which impedes head positioning.

The above drawback can be avoided by arranging
two driving coils (twin coils) in opposite relation with
respect to the carriage pivot shaft such that a twin-coil
separation angle 0, shown in Fig. 1, is set to be 180
degrees. With such an arrangement, only a torque is
exerted on the carriage and hence no translational
excitation force is generated to act on the carriage
pivot shaft. However, because magnet-yoke assembly which
surround the driving coils would interfere with a disk,
the axis-to-axis distance L, between the disk rotating
shaft or spindle and the carriage pivot shaft must be set
to be greater than in the conventional apparatus using
one driving coil. Although the distance L, between the
center of the carriage pivot shaft and the end face of
the apparatus is reduced to some extent, the distance I,
is increased and, eventually, the apparatus size L in fhe
longitudinal direction cannot be reduced. Also, the
greater distance I, necessarily entails a longer distance
between the head and the center of the carriage pivot
shaft. As a result, the increased inertial moment of the
carriage 3 gives rise to an obstaclé against high-speed
head positioning.

In this embodiment, for achieving a further
reduction in size of small-sized magnetic disk apparatus

within the standardized form factor dimension and
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suppressing a translational excitation force generated

during operation and acting on the carriage pivot shaft,
the angle 8 defined between a line connecting the head 1
and the center of the carriage pivot shaft 4 and the
center line of the first driving coil 5A is set to be not
larger than the right angle (90 degrees), and the twin-
coil separation angle 6 is set to be about 120 degrees.
Additionally, the magnet-yoke assembly comprising the
yokes and the permanent magnets is connected to assembly-
supporting members 9A, 9B by assembly-supporting sheet
springs 8A, 8B, 8C, 8D, etc., and reaction-force damping
members 10A, 10B are mounted_between the yokes and the
assembly-supporting members.

An advantage of the above-described strucﬁure
will be described below with reference to Fig. 2. 1In the
graph of Fig. 2, the abscissa represents the twin-coil
separation angle 6, and the ordinate represents the
translational excitation force acting on the carriage
pivot shaft with one produced in the prior art apparatus
taken as a reference. 1In the prior art apparatus, a
single driving coil has two surfaces each being under the
action of a magnetic field to ggnera;e a driving force,
and the angle o (see Fig. 1) defined between the lengths
of the two surfaces is about 45 degfées. Assuming that
the translational excitation force acting on the carriage
pivot shaft during the operation of the prior art
apparatus is 1.0, as the twin-coil separation angle 6

increases, the translational excitation force acting on
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the carriage pivot shaft is reduced and becomes zeroat
of 180 degrees, i.e., when the carriage is driven by the‘
ideal couple.

In the range of the angle 6 denoted by A in

Fig. 2, however, the apparatus size exceeds the stand-
ardized form factor dimension for the above-described
reason that the distance L, is increased. The voice coil
motor can be constructed without increasing the axis-to-
axis distance I, between the spindle and the carriage
pivot shaft in the range denoted by B, but if the range B
is exceeded by the angle 8, the axis-to-axis distance L,
must be increased because of interference between the
disk and the carriage. As a result, a carriage guide arm
must be made longer, which increases the inertial moment
of the carriage and hence impedes high-speed head
positioning. In the range denoted by C, the axis-to-axis
distance I, is not required to be increased, but the voice
coil motor-and fhe disk are so close to each other, so
that the magnetic.flux leaking from the magnet-yoke
assembly affects the disk. Further, in the range denoted
by D, the magnet-yoke assembly which has been assembled
into a unit can be mounted after the carriage is
installed. Thus, the assembling efficiency is iméroved
if the apparatus is constructed witﬂ the angle 6 set to
be within the range D. However, the translational
excitation force acting on the carriage pivot shaft would
be increased unless thé twin-coil separation angle 6 is

set to be as large as possible.
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to account the conditions discussed

raking in
the range denoted by E is an advantageous range

abOVe ' . .
actical use. In other words, the twin-coil separa-
for PX

cion angle p may preferably be in the range from 100 to
150 degrees. The translational excitation force acting
on the carriage pivot shaft is reduced to a half of that
generated in the prior art apparatus at the angle 6 of
120 degrees, and to a quarter at 6 of 150 degrees.
considering the twin-coil separation angle 6 from the
viewpoint of a geometrical positional relationship
between components of the apparatus, if the angular range
in which the carriage 3 shown in Fig. 1 can be rotated
radially of the disk is defined as angle y, the ratio of
6/y is in the range of from 4.5 to 6.8 since y is about
22 degrees. Also, since the angle B formed between the
line connecting the head 1 and the center of the carriage
pivot shaft 4 and the center line of the first driving
coil 5A is in the range of from 70 to 80 degrees, the
ratio of B/y is in the range of from 3.1 to 3.6 with the
above value of the angle y taken as a reference.

The magnet-yoke assembly of the present inven-
tion will be described with reference to Fig. 3. Figure
3 is an exploded view of the components of the apparatus
of the invention shown in Fig. 1, showing that the
components are assembled following associated arrows.
The magnet-yoke assembly is constructed by adhesively

fixing two pairs of permanent magnets 7A, 7B and 7C, 7D

to the yoke 6A, each pair of adjacent magnets having

REPLACED
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different polarities, adhesively fixing two pairs of ‘
permanent magnets 7E, 7F and 7G, 7H to the yoke 6B, each
pair of adjacent magnets also having different polari-
ties, and then fixing the yokes 6A, 6B together by means
of an adhesive or screws into an integral unit. The
positions of the permanent magnets 7A to 7H on the yokes
6A and 6B are determined solely depending on the posi-
tions of the driving coils 5A, 5B. Since the yokes 64,
6B each have a semicircular cutout or notch in its
central portion, the assembled unit can easily be
detached from and attached to the apparatus by removing a
cover 15 even in a condition that the carriage 3 and the
information recording disks 13 are installed in the
apparatus housing. Incidentally, the central angle
formed between rectilinear edges of each of the yokes 63,
6B extending from the iﬁner to outer periphery is set to
be smaller than 180 degrees so that the volumes of the
yokes are as large as possible to improve the character-
istics of the magnetic circuit.

The structure of the magnet-yoke assembly of
this embodiment will be described below in more detail
with reference to Fig. 4. As shown in Fig. 4, the two
pairs of permanent magnets 7A, 7B and 7C, 7D are arranged
such that each adjacent pair of magnets have different
‘polarities and are adhesively fixed to the yoke 6A,
whereas other two pairs of permanent magnets 7E, 7F and
7G, 7H are arranged such that each adjacent pair of

magnets have different polarities and are adhesively
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yoke 6B, as has previously been described.

¢ixed tO the

netic field G acts upwardly on the right-hand
mag

. ndings, as viewed in Fig. 4, of the first driving coil
wl

sa while the magnetic field G acts downwardly on the
jeft-hand windings thereof. A magnetic field acts on
windings of the second driving coil 5B in similar direc-
tions. Under this condition, when a current is supplied
to the driving coils 5A, 5B in a direction perpendicular
to the drawing sheet of Fig. 4, force F ié generated in
directions indicated by arrows. When a current is
supplied in the opposite direction, a force is generated
in a reversed direction. These thrusts drive the
carriage to rotate.

A description will now be made of a magnet-yoke
assembly supporting mechanism for suppressing vibration
imparted to a structural member of the apparatus due to a
reaction force which is generated upon driving of the
carriage. The magnet-yoke assembly in its entirety is
supported independently of the base 12, as shown in Fig.
1, by four sheet springs 8A to 8D arranged radially with
respect to the axis of the carriage pivot shaft 4 and the
reaction-force damping members 10A, 10B. Slits are
formed in the yoke 6A and the assembly-supporting members
9A, 9B. The sheet springs 8A to 8D are each fitted at
both ends into the corresponding slits and are ‘adhesively
fixed to the holding members 9A, 9B such that each sheet

spring extend perpendicularly to the base 12 and the axis

of the carriage pivot shaft 4 is positioned in a plane
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including the sheet springs. This arrangement allows the ’

entire magnet-yoke assembly to rotate infinitesimally
about the carriage pivot shaft 4. The yoke 6A is held
independently of the base 12, but the assembly-supporting
members 9A, 9B are fixed to the base 12 by means of an
adhesive or screws or may alternatively be fabricated as
integral projections on the base 12. The yoke 6A and the
assembly-supporting members 9A, 9B are bonded to each
other with plate-shaped reaction-force damping membérs
10A, 10B interposed respectively therebetween. The
damping members 10A, 10B are preferably made of silicon-
based gél or rubber materials.

With the construction described above, when the
head is driven, for example, in the direction indicated
by an arrow a in Fig. 1, the magnet-yoke assembly
supported by the sheet springs 8A to 8D and the reaction-
force damping members 10A, 10B is rotated infinitesimally
about the carriage pivot shaft 4 in the direction indi-
cated by an arrow b due to the reaction force caused by
carriage driving. The infinitesimal rotation of the
magnet~yoke assembly causes shearing forces to act on the
reaction-force damping members 10A, 10B thereby absorbing
the vibration energy produced with the infinitesimal
rotation. As a result, the structural vibration due to
the reaction force caused by carriage driving can be
suppressed and hence vibration tending to impede head
positioning can be reduced. 1Ideally, if the inertial

moment of the entire magnet-yoke assembly, being
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cted to the reaction force, about the carriage pivot

5ubje
naft is much greater than the inertial moment of all the

cotating members, including the carriage 3 on which the
head 1 is mounted, about the carriage pivot shaft, the
vibration imparted to the structural member due to the
reaction force can be prevented. In this embodiment,
therefore, the yoke 6A is shaped to have a radial thick-
ness t, in its outer peripheral portion greater than an
axial thickness t, in its central portion, as shown in
Fig. 3, so that a larger part of the mass of the yoke 6A
is concentrated to the outer peripheral portion to
increase the total inertial moment of the magnet-yoke
assembly.

Additionally, to satisfy the standardized form
factor dimension, the assembly-supporting structure is
mounted in an empty space along an outer periphery of the
magnet-yoke assembly. Furthermore, to reduce the thick-
ness of the supporting structure, the height of the |
supporting structure is set to fall within the distance h
(see Fig. 9) between the uppér end face of the magnet-
yoke assembly (i.e., the upper surface of the yoke 6B)
and the upper surface of the base 12.

An advantage of the above-described construc-
tion will be described below with reference to Fig. 5.
Figure 5 is a timing chart with the abscissa representing
time, in which (a) indicates a target angular velocity of

the carriage and (b) indicates an acceleration of base

vibration (in the carriage positioning direction) in the
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prior art apparatus. As will be seen in Fig. 5, there v
occurs residual vibration caused by the structural vibra-
tion due to the reaction force even after the position-
ing, i.e., after the elapse of time t,. Also, (c)
indicates an.acceleration (in the carriage positioning
direction) of base vibration in the inventive apparatus.
Residual vibration is held small throughout the operation
time, including a period after the positioning, due to
the effect given by the non-reacting support structure of
the magnet-yoke assembly. Further, (d) indicates an
acceleration (in the radial direction) of carriage pivot
shaft vibration in the prior art apparatus. Because the
carriage rear end is driven by one driving coil in the
prior art apparatus, a translational excitation force is
generated on the carriage pivot shaft and lasts to
generate vibration even after the positioning. Finally,
(e) indicates an acceleration of carriage pivot shaft
vibration (in the radial direction) in the inventive
apparaﬁus. With the structure that the carriage is
driven by the two driving coils, vibration is held small
not only during the positioning but also after the
positioning.

The second embodiment of the present invention
will be described below with reference to Figs. 6 and 7.
In Figs. 6 and 7, the same reference numerals as those in
Figs. 1 to 3 denote the same or identical components as
or to those in the first embodiment. Between two pairs
of V-shaped grooves 21 formed in an outer peripheral
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surface of the yoke 6A and inner peripheral surfaces of
assembly-supporting members 9C, 9D, four ball bearings 22
comprising balls 17A to 17H and races 1l6A to 16D are
mounted to support the entire magnet-yoke assembly,
including the yoke 6B, independently of the base 12 so
that the magnet-yocke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. Also, similarly
to the preceding embodiment, the reaction-force damping
members 10A, 10B are mounted respectively between the
outer peripheral surface of the yoke or the magnet-yoke
assembly and the inner peripheral surfaces of the
assembly-supporting members 9C, 9D. As will be seen from
Fig. 6, the ball bearings 22A to 22D and the reaction-
force damping members 10A, 10B are arranged in the
circumferential direction of the yoke 6A.

The mutual positional relationship between the
components will be apparent from Fig. 7. In this embodi- -
ment, a single sheet spring 8E is provided at a position
corresponding to the position of the sheet spring 8C in
the embodiment shown in Fig. 1. The sheet spring 8E
extends perpendicularly to the base 12 and is arranged
radially of the axis of the carriage pivot shaft 4.

After the entire magnet-yoke assembly has been rotated
infinitesimally due to the reaction force caused by
carriage driving, the sheet spring 8E functions to return
the entire magnet-yoke assembly to its neutral position.
With the addition of such a return mechanism, initial

positions of the magnet-yoke assembly and the driving
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coils will not be offset so as to generate stable drthﬁ
force at all times, thereby ensuring precise positioning_
of the head 1.

The third embodiment of the present invention
will be described below with reference to Figs. 8 to 12,
In Fig. 8, the same reference numerals as those in Figs.
1 to 3 denote the same or identical components. The
entire magnet-yoke assembly including the yoke 6B is
supported independently of the base 12 by a magnet-yoke

assembly supporting mechanism comprising sliding bearings

bearing 23A. A groove 6A-1 is forﬁed in the outer
peripheral surface of the yoke 6A, and a projection 9F is
provided on an inner peripheral surface of a assembly-
supporting member 9E and slidably engaged in the groove
6A-1. With such an arrangement, the entire magnet-yoke
assembly is supported independently of the base 12 so
that the magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. The assembly-
supporting member 9E is formed of, e.g., Teflon or any
other suitable material. The other assembly-supporting
member 9G is provided with a similar projection (not
shown) which is engaged in a groove 6A-2 formed in the
yoke 6A to thereby constitute the sliding bearing 23B.
Reaction-force damping members 10A, 10B are
mounted respectively between the magnet-ycke assembly and
the assembly-supporting members 9F, 9G. EBach of the
reaction-force damping members may comprise two pieces
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9F on the assembly-supporting member, as shown in Fig.
10, or may be of a single rectangular piece having a slit
10C which slidably receives the projection 9F, as shown
in Fig. 11. While the grooves of the sliding bearings
are formed in the yoke 6A in this embodiment, the
embodiment may be modified such that a projection 6C is
provided on the outer peripheral surface of the yoke 6A
and a groove is formed in each of the assembly-supporting
members 9E, 9G so that the two members slidably engage
with each other. Further, this embodiment includes a
mechanism for returning the carriage to its neutral posi-
tion by the sheet spring 8E after an infinitesimal rota-
tion, as in the second embodiment.

The fourth embodiment of the present invention
will be described below with reference to Figs. 13 to 14.
In Fig. 13, the same reference numerals as those in Figs.
1 to 3 denote the same or identical components. In this
embodiment, the entire magnet-yoke assembly including the
yoke 6B is supported by two dashpot mechanisms 20 which
also provide a reaction~force damping effect. Further,
this embodiment includes the mechanism for returning the
carriage to its neutral position by the sheet spring 8E
after the infinitesimal rotation, as in the above embodi-
ments.

As shown in Fig. 14, the dashpot mechanisms 20
are each structured such that coaxially mounted on-an

arcuate shaft 20A are two pistons 20B each provided with
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a plurality of through holes 20C parallel to the shaft

20A, to thereby construct an assembly, this piston-shaft

assembly is accommodated in an arcuate housing 20D having

a hole (cavity) 20E adapted to slidably receive those

5 pistons, and both ends of the arcuate housing 20D are

covered by covers 20F. The arcuate housing 20D is fixed

to the outer peripheral surface of the magnet-yoke

assembly such that both ends of the shaft 20A project

outwardly through openings 20G in the covers 20F. The

10 projecting ends of the arcuate shaft 20A are fixed to the

base 12 through the assembly~supporting members 9C, 9D,

whereby the entire magnet-yoke assembly is supported

independently of the base 12 so that the magnet-yoke

assembly is infinitesimally rotatable about the carriage

15 pivot shaft 4. When the magnet-yoke assembly vibrates

infinitesimally in response to the reaction force caused

by carriage driving during the operation, air in the

arcuate housing 20D is forced to flow through the piston

holes 20C, thereby providing a reaction-force damping

20 effect. A simiiar advantage can also be obtained by fix-

ing the arcuate housing 20D to each of the assembly-

supporting members 9C, 9D and fixing both ends of the

arcuate shaft 20A to the outer peripheral surface of the

magnet-yoke assembly conversely to the above structure.

25 According to several embodiments described

above, the carriage is provided with two flat-type driv-

ing coils, the angle B formed between the center line of

the first driving coil and the carriage guide arm is set
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between the respective center lines of the first and
second driving coils is set to about 120 degrees, the
magnet~yoke assembly comprises two yokés sandwiching both
sides of the driving coils and permanent magnets, and
further the assembly-supporting mechanism is mounted
outwardly of the outer peripheral surface of the magnet-
yoke assembly and also arranged within the height from
the base surface to the upper end face of the magnet-yoke
assembly. Therefore, the apparatus can be so reduced in
size and thickness that the apparatus falls within the
form factor dimensions standardized for small-sized
magnetic disk apparatus. Consequently, the present
invention can realize a positioning mechanism which
satisfies any of the standardized form factor dimensions
for small-sized magnetic disk apparatus, such as 1.3",
1.8, 2.5", 3.5" and 5.25", and is less liable to be
subjected to vibration.

Also, since the carriage is rotatively driven
by forces close to a couple,-a translational excitation
force acting on the carriage pivot shaft can be reduced.
Further, of the components of the carriage driving voice
coil motor, the magnet-yocke assembly comprising the yokes
and the permanent magnets is held by the magnet-yoke

‘'sembly supporting mechanism such that the magnet-yoke
ly is independent of the base and is infini-
rotatable and is mounted on the base through

-force damping members. It is therefore
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possible to reduce structural vibration of the base, due
to a reaction-force which is generated in the opposite
direction to the driving force. As a result of the above
structure, the relative displacement of the head and disk
due to structural vibration can be prevented to assure a
high-speed and highly-accurate head positioning.

Further, since the yoke of the magnet-yoke
assembly is constructed to have a radial thickness in its
outer peripheral portion greater than an axial thickness
in its central portion, the inertial moment of the
magnet-yoke assembly subjected to the reaction force can
be much greater than the inertial moment of the rotating
members. As a result, the effect of canceling the
reaction force imparted to the base is enhanced so that
the relative positions of the head and the disk can be
more positively prevented from being changed by vibration
of the structural member, enabling a high-speed and
highly-accurate head positioning to be achieved.

Since the magnet-yoke assembly is provided in
its central portion with a semicircular.cutout fornavoid-
ing interference with the carriage and has a cutou;
defined by rectilinear edges extending from the center to
the outer peripheral portion of the magnet-yoke assembly
with a central angle smaller than 180 degrees defined
between the edges and positioned to avoid interference
with information recording disk, the entire magnet-yoke
assembly can be detached from the apparatus even in a

condition that the carriage and the information recordiet
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disk are installed in the apparatus housing, with a
resultant improved assembling efficiency.

Additionally, since the magnet-yoke assembly
capable of infinitesimally rotatable is provided with a
mechanism for returning the carriage to its neutral
position after the infinitesimal rotation, initial
positions of the magnet-yoke assembly and the driving
coils will not be offset to thereby generate stable
driving force at all times and enables a high-speed and
highly-accurate head positioning to be achieved.
| In short, according to the present invention,
by prescribing positions of two driving coils, the
apparatus can be reduced in both size and thickness so
that the apparatus falls within any of the form factor
dimensions standardized for small-sized magnetic disk
apparatus. Also, vibration of a carriage supporting
system can be suppressed by driving the carriage with the -
two coils, and vibration of a structural member due to a
reaction force can be prevented by supporting the magnet-
yoke assembly in a reaction-force damping manner, making
it possible to position a head at a high speed and with
high accuracy. As a result, a high-speed and highly-
accurate rotary information recording/reproducing
apparatus having a reduced size and'thicknesslcan be

achieved.

This Sheet

i

T HAS BEEN
R.‘:',;'”LACED




JLLULUELINITED ) ————
CLAIMS
1. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/

reproduce information on or from said disk and being

positioned in the radial direction of said disk, and a

carriage driver for applying a torque to said carriage, a
carriage actuator including two driving coils fixed to
said carriage and a magnet-yoke assembly which comprises
permanent magnets and at least one yoke, said magnet~yoke
assembly and said driving coils being mounted substan-
tially on opposite sides of a carriage pivot shaft axis
and at a position just outward of a region where magnetic
flux leaking from said magnet-yoke assembly affects said
disk.

2. A rotary information recording/reproducing
apparatus including at ;east one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial diréction of said disk, a
carriage driver for applying a torque to said carriage,
and a housing comprising a base and a cover to support
and accommodate said disk, said head, said carriage and
said carriage driver, a carriagé actuator including two
driving coils fixed to said carriage and a mégnet-yoke
assembly which comprises permanent magnets and at least
one yoke, the arrangement being such that the angle

formed between a line connecting the center of the first
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another line connecting said head and the center of said
carriage pivot shaft is not larger than 90 degrees and
that the angle formed between the first and second driv-
ing coils about the center of said carriage pivot shaft
is within the range of from 100 degrees to 150 degrees.
3. A rotary information recording/reproducing
apparatus according to Claim 2, wherein the angle formed
between said first driving coil and said second driving
coil about the center of rotation of said carriage is
substantially 120 degrees.

4. A rotary information recording/reproducing
apparatus according to Claim 2, wherein the angle formed
between the line connecting the center of said first
driving coil and the center of said carriage pivot shaft

and the line connecting said head and the center of said

carriage pivot shaft is in the range of from 70 degrees
to 80 degrees.

5. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to recoxd/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying a torque to said carriage,
and a housing comprising a base and a cover to support
and accommodate said disk, said head, said carriage and
said carriage driver, said carriage actuator including

two driving coils fixed to said carriage and a magnet-

IO g
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yoke assembly which comprises permanent magnets and at ‘
lease one yoke, the arrangement being such that the angle
.formed between a line connecting the center of the first
driving coil and the center of a carriage pivot shaft and
a line connecting said head and the center of said
carriage pivot shaft is not larger than 90 degrees and
that the angle formed between the center lines of the ".
first and second driving coils about the center of said
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, said first and second driving coils being
flat in shape, means for supporting said magnet—yoké
assembly, said supporting means being mounted on one
surface of said base outwardly of an outer peripheral
surface of said magnet-ycke assembly, said magnet-yoke
assembly supporting means being arranged to be within the
dimension from said one surface of said base to an end
face of said magnet-yoke assembly spaced from said one
base surface.

6. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes at least three sheet
springs, two assembly-supporting members and reaction-
force damping members, said sheet springs being mounted
radiating out from said carriage pivét shaft between the
outer peripheral surface of said magnet-yoke assembly and
said assembly-supporting members such that each of said
sheet springs extends perpendicularly to said base and

the center of said carriage pivot shaft is positioned in
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a plane including the sheet spring, said assembly-
supporting members being fixed to said base to support
said magnet-yoke assembly so as to be independent of said
base and infinitesimally rotatable, said reaction-force
damping members being plate-shaped members each mounted
.between the outer peripheral surface of said magnet-yoke
assembly and an inner peripheral surface of one of said
assembly-supporting members.
7. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a ball bearing, a
assembly-supporting member, and a reaction-force damping
member, said ball bearing comprising a plurality of balls
and races mounted between V-shaped grooves formed respec-
tively in the outer peripheral surface of said magnet-
yoke assembly and an inner peripheral sﬁrface of said
assembly-supporting member, said assembly-supporting
member being fixed to said base to support said magnet-
yoke assembly so as to be independent of said base and
infinitesimally rotatable, said reaction-force damping
member being a plate-shaped member mounted between the
outer peripheral surface of said magnet-yoke assembly and
the inner peripheral surface of said assembly-supporting
member.
8. A rotary information recdrding/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a sliding bearing, a

assembly-supporting member and a reaction-force damping
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member, said sliding bearing comprising a groove formed ‘l
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in the outer peripheral surface of said magnet-yoke
assembly and a projection formed on an inner peripheral
surface of said assembly-supporting member and slidably
engaged in said groove, said assembly-supporting member
being fixed to said base to support said magnet-yoke
assembly so as to be independent of said base and infini- “
tesimally rotatable, said reaction-force damping member
being a plate-shaped member mounted between the outer
peripheral surface of said magnet-yoke assembly and the
inner peripheral surface of said assembly-supporting
member.

9. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a sliding bearing, a
assembly-supporting member and a reaction-force damping

member, said sliding bearing comprising a projection

 formed on the outer peripheral surface of said magnet-

yoke assembly and a groove formed in an inner peripheral
surface of said assembly-supporting member and slidabiy
engaged with said projection, said assembly-supporting
member being fixed to said base for supporting said
magnet-yoke assembly so as to be independent of said base
and infinitesimally rotatable, said reaction-force damp-
ing member being a plate-shaped member mounted between
the outer peripheral surface of said magnet-yoke assembly

and the inner peripheral surface of said assembly-

supporting member.
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apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a dashpot mechanism

provided on the outer peripheral surface of said magnet-

yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a
plurality of through holes parallel to said arcuate shaft
and fixed thereto, and an arcuate housing having formed
therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both open ends of said cavity, said arcuate
housing being fixed to the outer peripheral surface of
said magnet-yoke assembly, both ends of said arcuate
shaft being supported by said assembly-supporting member,
said assembly-supporting member being fixed to said base
for supporting said magnet-yoke assembly so as to be
independent of said base and infinitesimally rotatable
via said dashpot mechanism.
11. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a
plurality of through holes parallel to said arcuate shaft
L ey
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and fixed théreto, and an arcuate housing having formeq
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therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both open ends of said cavity, said arcuate
housing being fixed to said assembly-supporting member,
both ends of said arcuate shaft being supported by said
magnet-yoke assembly, said assembly-supporting member
being fixed to said base for supporting said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable via said dashpot mechanism.

12, A rotary information recording/reproducing
apparatus according to any one of Claims 5 to 11, wherein
the yoke of said magnet-yoke assembly includes an outer
peripheral portion and an inner portion lying inwardly of
said outer peripheral portion, a radial thickness of said
outer peripheral portion being greater than an axial
thickness of said inner portion.

13. A rotary information re;ording/reprcducing
apparatus according to any one of Claims 5 to 12, wherein
the yoke of said magnet-yoke assembly has a generally
semicircular shape provided with a central opening for
said carriage and with a cutout formed in continuity with
said opening and having diverging edges extending
substantially parallel to an outer peripheral edge of
said disk, a central angle formed between the diverging
edges of said cutout being smaller than 180 degrees.

14. A rotary information recording/reproducing
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apparatus accor&ing to any one of Claims 7 to 13, wherein
at least one sheet spring is mounted between the outer
peripheral surface of said magnet-yoke assembly and said
assembly-supporting member, said sheet spring being fixed
to said magnet-yoke assembly and said assembly-supporting
member such that said sheet spring extends substantially
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including
said sheet spring, whereby said magnet-yoke assembly is
returned to its neutral position after infinitesimal
rotation.

15. A rotary information recording/reproducing
apparatus according to any one of Claims 5 to 14, wherein
the yoke and the permanent magnet of said magnet-yoke
assembly are so structured as to be detachable from said
apparatus in a condition that said yoke and said perma-

nent magnet are assembled into an integral unit.

16. A rotary information recording/reproducing
apparatus constructed and arranged substantially as
hereinbefore described, with reference to the accompanying

drawings. . I
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ARATUS

APP
ROTARY INFORNATION RECORDING/REPRO CING

ABSTRACT

. ucin
A rotary information recordlng/reprOd g

apparatus has a carriage (3) rotatable by the first and

second driving coils (sa, sB) about an axis that WOVeS an

information recording/reproducing head (1) radially to an

associated recording disk (13) for head positioning rela-

tive to the disk. The angle between a line connecting

the center of the first driving coil (5A), and the center
of the carriage pivot shaft (4) and a line connecting the
head (1) and the center of the carriage pivot shaft is
set to be not greater than 90 degrees while the angle
formed between the first and second driving coils (5A,
5B) about the center of the carriage pivot shaft (4) is
within the range of from 100 degrees to 150 degrees,
whereby reduction in the size and thickness of the
apparatus can be realized. A magnet-yoke assembly, which
is subject to a reaction force, is mounted to a base (12)°
by sheet springs (8A-8D) and reaction-force damping
members (10A, 10B) interposed therebetween so that the
magnet~yoke assembiy (6A, 6B, 7A~7G) is independent from
and infinitesimally rotatable relative to the base (12).
The provision of the two driving coils (5A, 5B) and the
reaction-force damping members (10A, 10B) effectively
prevents the carriage pivot sysfém and the disk spindle
from being excited by the reaction force to thereby

assure a high-speed and highly-accurate head positioning.
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ABSTRACT

ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS

A rotary information recording/reproducing apparatus has
a carriage rotatable by the first and second driving coils about
a pivot shaft for head positioning. The configuration of the
driving coils and the carriage guide arm reduces the apparatus
gize and vibration. A magnet-yoke assembly is mounted to a base
by sheet springs and reaction-force damping members interposed
therebetween so that the magnet-yoke assembly is independent from
and infinitesimally rotatable relative to the base. High-speed
and highly-accurate head positioning is achieved by employing two
driving coils and a reaction-force damping mechanism which
attenuate excitation of the carriage pivot system and disk

spindle.

FIGURE 1.
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The present invention relates to a rotary
information recording/reproducing apparatus for turning
and positioning a head to a predetermined point on an
information recording disk and, more particularly, to a
rotary information recording/reproducing apparatus which
has a smallexr size and can 'position a head at a high

speed and with high accuracy.

A prior art magnetic disk apparatus will be
described, taking U.S. Patent No. 5,027,242 as an
example. Information recording disks arranged one above
another are driven to rotate at a constant speed L
disk rotating motor fixed to a base. Heads are su
by carriage‘guide arms through head suspensions in such a
manner that each head is floated with a small gap held
relative to an associated disk for recording/repréducing
information. High-speed and highly accurate positioning
of the head is performed by rotatively driving the
carriage with a voice coil motor. The carriage is
mounted and supported through ball bearings on and by a
pivot shaft fixed to the base such that the carriage can
rotate about the pivot shaft. The voice coil motor

comprises a voice coil, permanent magnets and a yoke. Of
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these components, the voice coil is attached to the
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carriage, whereas the permanent magnets and the yoke
‘(both serving as parts of a magnet-yoke assembly) are
fixed to the base. Since the voice coil surrounded by
the magnet-yoke assembly in sandwiched relation is under
the action of a magnetic field,.the carriage is
rotatively driven when the voice coil is supplied with
electric power.

However, when a driving force is generated in
the voice coil with the supply of.electric power to the
voice coil, a resultant reaction force acts on the
magnet-yoke assembly of the voice coil motor to vibrate
the base, thereby causing vibration excitation of the
disk. 'Also, with the generétion of the driving force in
the voice coil, translational excitation force acts on
the carriage pivot shaft at the same time, thereby
vibrating a carriage supporting system. A resultant
vibration force acts on the disk driving motor to wvibrate
it, and hence the disk is further vibrated.

In view of the above problems, the prior art
disclosed in Japanese Unexamination Patent Publication
No. 1-222647 and U.S. Patent No. 4,620,252, for example,
has been proposed. The prior art apparatus includes two
flat type driving coils attached to a carriage on
opposite sides of the carriage pivot shaft axis. Two
sets of magnet-yoke assembly are arranged in non-contact
relation to the driving coils for rotating the carriage

by a couple. This arrangement is intended to prevent the
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carriage pivot shaft and to reduce vibration of a
structural member caused by the carriage motion.

According to the prior art disclosed in the
above-cited Japanese Unexamination Patent Publication No.
1-222647 and U.S. Patent No. 4,620,252, however, an
information recording disk having a sufficiently large
outer diameter cannot be accommodated in a housing of the
apparatus, making it difficult to provide the apparatus
with a large capacity. Specifically, because the two
driving coils are attached to the carriage in opposite
relation with respect-to the axis of the carriage pivot
shaft and the magnet-yoke assemblies are arranged around
the driving coils, the axis-to-axis distance between the
carriage pivot shaft and a disk rotating shaft or spindle
must be set to be greater than required in other conven-
 tional épparétus using one driving coil, in order to
avoid interference between the carriage and the disk. If
a disk having a conventional large outer diameter is
installed in the apparatus housing, the size of the appa-
ratus must be increased in the longitudinal direction
thereof.

Further, in order to satisfy form factor dimen-
sions such as 1.3, 1.8, 2.5, 3.5 or 5.25 inches which are
standardized for small-sized magnetic disk apparatus, the
disk size must be reduced to such an extent as not
departing from the apparatus dimension in the longi-

tudinal direction. This leads to a reduction in storage
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capacity of the apparatus. In addition, the greater
axis-to-axis distance as discussed above enlarges the
size of a carriage guide amm, resulting in the increased
inertial moment of rotating members. This requires a
longer access time and, if the output of a carriage
driving motor is increased as measures for avoiding such
a drawback, the apparatus size would be necessarily
enlarged. Thus, it has been difficult to realize a
mechanism which can maintain the apparatus within the
standardized form factor dimension, to suppress vibration
imparted to a disk via a base or carriage to the extent
possible, and to position the head at a high speed and
with high accuracy.

The first feature
of thé present invention resides in a rotary information
recording/reproducing apparatus which includes at least
one disk for recording information, a carriage supporting
a head to record/reproduce information on or from said
disk and being positioned in the radial direction of said
disk, and a carriage driver for applying a torgue to said
carriage, a carriage actuator including two driving coils
attached to said carriage and a magnet-yoke assembly
which comprises permanent magnets and at least one yoke,
said magnet-yoke assembly and said driving coils being
attached to said carrxiage substantially on opposite sides
of a carriage pivot shaft axis and at a position Jjust
outward of a region where magnetic flux leaking from said

magnet-yoke assembly affects said disk.

REPLACED

T o e rrn -
e e Y

THIS SHEET HAS BEEN |

|




heet Has Been Replaced

I

T

Uo 8P 995

]
H
H
!
{
!
]

i
i T O |

The second feature of the present invention

resides in a rotary information recording/reproducing

apparatus including at least one disk for recording

information, a carriage supporting a head to record/

reproduce information on or from said disk and being

positioned in the radial direction of said disk, a

carriage driver for applying a torgue to said carriage,

and a housing comprising a base and a cover to support

and accommodate said disk,

said head,

said carriage and

said carriage driver, a carriage actuator including two

driving coils attached to said carriage and a magnet-yoke

assembly which comprises permanent magnets and at least

one yoke, the arrangement beihg such that the angle

formed between a line connecting the center of the first .

driving coil and the center of said carriage pivot shaft

and another line connecting said head and the center of

'said carriage pivot shaft is not larger than 90 degrees

and that the angle formed between the center lines of the

first and second driving coils about the center of said

carriage pivot shaft is within the range of from 100

degrees to 150 degrees.

The third feature of the present invention

'resides in a rotary information recording/reproducing

apparatus which includes at least oﬁe disk for fecording

information, a carriage supporting a head to recoxd/

reproduce information on or from said disk and being

positioned in the radial direction of said disk, a

carriage driver for applying a torque to said carriage,

and a housing comprising a base and a cover to support
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'and accommodate said disk, said head, said carriage&and

said carriage driver, a carriage actuator including two

driving coils attached to said carriage and a magnet-yoke
assembly which comprises permanent magnets and at lease
one yoke, the arrangement being such that the angle
'formed between a line connecting the center of the first
driving coil and the center of said carriage pivot shaft
.and another line connecting said head and ﬁhe center of
said carriage pivot shaft is not larger than 90 degrees
and that the angle formed between the center lines of the

first and second driving coils about the center of said

carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, said first and second driving coils being
flat in shape, means for supporting said magnet-yoke
assembly, said supporting means being mounted on one
surface of said base outwardly of an outer peripheral
surface of said magnet-yoke assembly, said magnet-yoke
assembly supporting means being arranged to be within the
dimension from said one surface of said base to an end
face of said mégnet-yoke assembly spaced from said one
base surface.
The present invention may
realize a reduction in both apparatus size and thickﬁess
and, hence, to provide a rotary information recording/
reproducing apparatus which is withiﬁ the standardized
form factor dimension.
The present invention may
provide a high-performance rotary information recording/

reproducing apparatus equipped with a low-vibration head
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disk is prevented from vibrating due to a reaction force
generated with driving of a carriage, and a translational
excitation force acting on a carriege pivot shaft upon

generation of a carriage torque is reduced to the extent

possible. )
In a preferable embodiment of the present

invention, said magnet-yoke assembly supporting means
includes at least three sheet springs, two assembly-
supporting members and reaction-force damping members,
said sheet springs being mounted radiating out from said
carriage pivot shaft between the outer peripheral,sufface
of said magnet-yoke assembly and said assembly-supporting
members such that each of said sheet springs extends
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including
the sheet spring, said assembly-supporting members being
mounted to said base to support said magnet-yoke assembly
50 as to be independent of seid base and infinitesimally
rotatable, said reaction-force damping members being
plate-shaped members each mounted between the outer
peripheral surface of said magnet-yoke assembly and an
inner peripheral surface of one of said assembly-

supporting members.
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Alternatively, the sheet springs may be
replaced with ball bearings or sliding bearings. The
magnet-yoke assembly supporting means may comprise a
dashpot mechanism provided on the .outer peripheral
surface of the magnet-yoke assembly and a assembly-
supporting member for supporting the dashpot mechanism,

Preferably, the yoke of the magnet-yoke
assembly may include an outer peripheral portion and an
inner portion lying inwardly of the outer peripheral
portion, a radial thickness of the outer peripheral
portion Being greater than an axial thickness of the
inner portion. Also preferably, the yoke of said magnet-
yoke assembly has a generally semicircular shape provided
with central opening for said carriage and with a cutoﬁt
formed in continuity with said opening and having diverg-
ing edges extending substantially parallel to an outer
peripheral edge of said disk, a central angle formed
between the diverging edges of said cutout being smaller
than 180 degrees.

Further preferably, at least one sheet spriné
is mounted between the outer peripheral surface of said
magnet-yoke assembly and said assembly-supporting member,
said sheet spring being fixed to said magnet-yoke
assembly and said assembly-supporting member such that
said sheet spring extenas substantially perpendicularly
to said base and the center of said carriage pivot shaft
is positioned in a plane including said sheet spring,

whereby said magnet-yoke assembly is returned to its

.....

REPI ACED



heet Has Been Replaced

Ty I

-9 -

eutral position after infinitesimal rotation.
n

According to the above first feature, since the
magnet-yoke assembly id suspended and the driving coils

are mounted at a position just outwardly of a region
where magnetic flux leaking from the magnet-yoke assembly
affects the disk, the axis-to-axis distance between the
disk rotating shaft or spindle and the carriage pivot
shaft can be reduced while magnetic recording on the disk
is kept in a high-accurate state. Therefore, it is also
possible to reduce the distance between the head and the
center of the carriage pivot shaft, the distance between
the center of the carriage pivot shaft and an end face of
the apparatus, and further the apparatus size. In addi-
tion, since carriage guide arms can be shortened, the
inertial moment of the carriage is eventually reduced,
resulting in a higher-speed positioning of the head.
According to the above second feature, since
the angle formed between a line connecting the center of
the first driving coil and the center of the carriage
pivot shaft and another line connecting the head and the
center of the pivot shaft is not larger than 90 degrees,
and the angle formed between the center lines of the
first and second driving .coils about the center of
carriage pivot shaft is in the rangé'of from 100 degrees
to 150 degrees, the magnet-yoke assembly surrounding the
two driving coils in sandwiched relation can be prevented
from interfering with the disk. Also, since the axis-to-

axis distance between the spindle and the carriage is
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reduced, the carriage guide arm can be shortened and gy,

inertial moment of the carriage can be reduced corre-
spondingly. Further, since the two driving coils are
mounted around the carriage pivot shaft in angularly
spaced relation in the circumferential direction of the
shaft axis, the carriage can be rotatively driven by a
force substantially close to a couple so that a trans-
lational excitation force acting on the carriage pivot
shaft is reduced during the operation. It is to be noted
that, when the two driving coils are so mounted as to be
spaced 120 deg;ees, the translational excitation force
acting on the carriage pivot shaft can be reduced to a
half that produced in the prior art apparatus, and when
spaced 150 degrees, it can be reduced to a quarter. This
enables the apparatus size to be'reduced within any of
the standardized form factor dimensions and is also
advantageous in respect of high-speed positioning of the
head. Additionally, components of the carriage actuator
are assembled into an integral unit. The magnet-yoke
assembly can be attached to and detached from the
apparatus as one unit, resulting in an improvement in

" assembling efficiency.

Moreover, according to the above third feature,
since the two driving coils are flat in shape and thé
magnet-yoke assembly suppo;ting mean is mounted outwardly
of the outer peripheral surface of the magnet-yoke
assembly and is arranged to fall within the height from

the base surface to the upper end face of the magnet-yoke
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assembly, the thickness of the apparatus can be reduced
remarkably.

In the preferred embodiment, since the magnet-
yoke assembly supporting means includes sheet springs,
assembly-supporting members and reaction-force damping
members, the magnet-yoke assembly is suspended by the
supporting means so as to be independent of the base and
infinitesimally rotatable and is also supported through a
damping structure comprising the reaction-force damping
members; Therefore, the structural vibration of the
base, due to a reaction-force which is generated in fhe
opposite direction to the driving force can be reduced.
As a result, the relative displacement of the head and
disk due to structural vibration caﬁ be prevented,
thereby achieving a high-speed and highly-accurate head
positioning. A similar advantage can also be obtained by
using ball bearings or sliding bearings instead of the-
sheet springs, oxr by employing a combination of dashpot
mechanism and assembly-supporting member to construct the
magnet-yoke assembly supporting means.

Further, when the yocke of the magnet-yoke
assembly is constructed such that the radial thickness of
its outer peripheral portion is greater than the axial
thickness of its inner pértion, a structure is realized
in which the inertial moﬁent of the magnet-yoke assembly
subjected to the reaction force is much greater than the
inertial moment of the rotating members. As a result,

the effect of canceling the reaction force imparted to
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the base is enhanced so that the head and the |[disk can p,

ot o,

more positively prevented from being shifted in by vibra.
tion of the structural member, thereby achieving a high-
speed and highly-accurate head positioning. Also, when
the magnet-yoke assembly is provided with a semicircular
opening in ité central portion and with a cutout defined
by rectilinear edges extending from the center to the
outer periphery thereof with a central angle between the
edges being not larger than 180 degrees, the entire
magnet-yoke assembly can be attached to and detached from
the apparatus even in a condition that the carriage and
the disk are kept assembled on the apparatus, with a
resultant improvement in the assembling efficiency.

Additionally, when the outer peripheral portion
of the magnet-yoke assembly and the assembly-supporting
member is coupled to each other by at least one sheet
spring, a mechanism for returning the magnet-yoke
assembly to its neutral position after infinitesimal
rotation can be provided to prevent the magnet-yoke
assembly and the driving coils from being offset from
their initial positions, so as to generate stable driving
force at all times, thereby achieving a high-speed and
highly-accurate head positioning.

The above and oth;r
advantages of the present invention will be more apparent
from the following description made merely by way of example

with reference to the accompanying drawings.

.
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Figure 1 is a schematic illustration of an
entire structure of the first embodiment of a rotary
information recording/reproducing apparatus according to
the present invention;

Figure 2 is a graph showing the relationship
between a twin-coil separation angle and a translational
excitation force acting on a carriage pivot shaft, and
the range in which the standardized form factor dimension
is satisfied;

Figure 3 is an exploded view showing wvarious
components of the embodiment shown in Fig. 1 and the
mutual positional relationship between these components
in an assembled state;

Figure 4 is a sectional view of a carriage
actuator taken along line IV - IV in Fig. 1;

Figure 5 is a timing chart showing an advantage
of the present invention;

Figure 6 is a schematic illustration similar to
Fig. 1, but showing the second embodiment of the present
invention;

figure 7 is an exploded view showing various
components of the embodiment shown ip Fig. 6 and the
mutual positional relationship between these components
in an assembled state;

Figure 8 is a schematic illustration similar to
each of Figs. 1 and 6, but showing the third embodiment

of the present invention:
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Figure 9 is a sectional view taken along line

IX - IX in Fig. 8;

Figure 10 is a perspective view of a reaction-
force damping member for use in the embodiment shown in
Fig. 8;

Figure 11 is a perspective view of a modifica-
tion of the reaction-force damping member shown in Fig.
10;

Figure 12 is a sectional view of a modification
of the embodiment shown in Fig. 9;

Figure 13 is a schematic illustration of an
‘entire structure .of the fourth embodiment of the present
invention; and

Figure 14 is an exploded view showing various
components of a dashpot méchanism for use in the embodi- -
ment shown in Fig. 13 and the mutual positional relation-

ship between these components in an assembled state.

Referring to Fig. 1, a plurality of information
recording disks 13 arranged one above another in a direc-
tion normal to the drawing sheet of Fig. 1 are rotatively
driven by a disk rotating motor 14 fixed to a base 12. A
head 1 used to record/reproduce information is secured to
a carriage 3 through a head suspension 2. Two ball bear- -
ings 11 are mounted on a pivot shaft 4 which is fixed to
the base 12. The carriage 3 is rotatable about the axis

of the pivot shaft 4. The carriage 3 is fixed to outer

R R W)
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races of the ball bearings so as to be rotatable about
the carriage pivot shaft 4. A voice coil motor
constituted by a magnet-yoke assembly, comprising yokes
and permanent magnets, and driving coils rotates the
‘carriage 3 for positioning the head to a predetermined
point on an associated disk 13 to thereby record or
reproduce information.

In this first embodiment, the carriage 3 is
provided with two driving coils 5A, 5B, and yokes 6A, 6B
(Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are
mounted so as to sandwich the driving'coils in the
direction normal to the drawing sheet. |

In a prior art apparatus, the carriage 3 is
provided with only one driving coil. This driving coil
is mounted such that the center of the driving coil is
positioned on an extension of the line connecting the
head 1 and the carriage pivot shaft 4. To describe the
arrangement with reference to Fig. 1, such a single
driving coil is mounted at a point which is slightly
angularly shifted from the second driving coil 5B toward
the first driving coil 5A. 1In this arrangement, when
electric power is supplied to the driving coil under the
action of a magnetic field, a driving force is generated
in the driving coil to push an end of the carriage so
that a torque is exerted to rotate the carriage about the
pivot shaft. As a result, the head can be moved to a
predetermined position on the information recording disk.

However, because the driving force concomitantly produces
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a translational excitation force acting on the -L.:arriagg .

pivot shaft, a carriage support system is excited to
cause vibration which impedes head positioning.

The above drawback can be avoided by arranging
two driving coils (twin coils) in opposite relation with
respect to the carriage pivot shaft such that a twin-coil
separation angle 8, shown in Fig. 1, is set to be 180
degrees. With such an arrangement, only a torque is
exerted on the carriage and hence no translational
excitation force is generated to act on the carriage
pivot shaft. However, because magnet-yoke assembly which
surround the driving coils would interfere with a disk,
the axis-~to-axis distance I, between the disk rotating
shaft or spindle and the carriage pivot shaft must be set
to be greater than in the conventional apparatus using
one driving coil. Although the distance L, between the
center of the carriage pivot shaft and the end face of
the apparatus is reduced to some extent, the distance L,
is increased and, eventually, the apparatus size L in fhe
longitudinal direction cannot be reduced. Also, the
greater distance I, necessarily entails a longer distance
between the head and the center of the carriage pivot
shaft. As a result, the increased inertial moment of the
carriage 3 gives rise to an obstaclé against high-speed
head positioning.

In this embodiment, for achieving a further
reduction in size of small-sized magnetic disk apparatus

within the standardized form factor dimension and
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suppressing a translational excitation force generated
during operation and acting on the carriage pivot shaft,
the angle B defined between a line connecting the head 1
and the center of the carriage pivot shaft 4 and the
center line of the first driving coil 5A is set to be not
larger than the right angle (90 degrees), and the twin-
coil separation angle 6 is set to be about 120 degrees.
Additionally, the magnet-yoke assembly comprising the
yokes and the permanent magnets is connected to assembly-
supporting members 9A, 9B by assembly-supporting sheet
springs 8a, 8B, 8C, 8D, etc., and reaction-force damping
members 10A, 10B are mounted_between the yokes and the
assembly-supporting members.

An advantage of the above-described structure
will be described below with reference to Fig. 2. 1In the
graph of Fig. 2, the abscissa represents the twin-coil
separation angle 6, and the ordinate represents the
translational excitation force acting on the carriage
pivot shaft with one produced in the prior art apparatus
taken as a reference. In the prior art apparatus, a
single driving coil has two surfaces each being undef the
action of a magnetic field to generate a driving force,
and the angle o (see Fig. 1) defined between the lengths
of the two surfaces is about 45 degfées. Assuming that
the translational excitation force acting on the carriage
pivot shaft during the operation of the prior art
apparatus is 1.0, as the twin-coil separation angle 6

increases, the translational excitation force acting on
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of 180 degrees, i.e., when the carriage is driven by the
ideal couple.

In the range of the angle 6 denoted by A in
Fig. 2, however, the apparxatus size exceeds the stand-
ardized form factor dimension for the abcve—&escribed
reason that the distance L, is increased. The voice coil
motor can be constructed without increasing the axis-to-
axis distance I, between the spindle and the carriage
pivot shaft in the range denoted by B, but if the range B
is exceedad by the angle 9, thé axis-to-axis distance L,
must be increased because of interference between the
. disk and the carriage. As a result, a carriage guide arm
must be made longex, which increases the inertial moment
of the carriage and hence impedes high-speed head
positioning. In the range denoted by C, the axis-to-axis
distance L; is not required to be increased, but the voice
coil motor and the disk are so close to each other, so
that the magnetic flux leaking from the magnet-yoke
assembly affects the disk. Further, in the xrange denoted
by D, the magnet-yoke assembly which has been assembled
into a unit can be mounted after the carriage is
installed. Thus, the assembling efficiency is improved
if the apparatus is constructad with the angle & set to
be within the range D. However, the translational
excitation force acting on the carriage pivot shaft would
be increased unless the twin-coil separation angle 8 is

get to be as large as possible.
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raking into account the conditions discussed
o the range denoted by E is an advantageous range
:b:vp;actical use. In other words, the twin-coil separa-
Q

cjon angle g may preferably be in the range from 100 to
150 degrees. The translational excitation force acting
on the carriage p{vot_shaft is reduced to a half of that
generated in the prior art apparatus at the angle 6 of
120 degrees, and to a quarter at 6 of 150 degrees.
considering the twin-coil separation angle 8 from the
viewpoint of a geometrical positional relationship
between components of the apparatus, if the angular range
in which the carriage 3 shown in Fig. 1 can be rotated
radially of the disk is defined as angle y, the ratio of
6/y is in the range of from 4.5 to 6.8 since y is about
22 degrees. Also, since the angle f formed between the
line connecting the head 1 and the center of the carriage
pivot shaft 4 and the center line of the first driving
coil 5A is in the range of from 70 to 80 degrees, the
ratio of B/y is;in the range of from 3.1 to 3.6 with the
above value of the angle y taken as a reference.

The magnet-yoke assembly of the present inven-
tion will be described with reference to Fig. 3. Figure
3 is an exploded view of the components of the apparatus
of the invention shown in Fig. 1, showing that the
components are assembled following associated arrows.

The magnet-yoke assembly is constructed by adhesively
fixing two pairs of permanent.magnets 7A, 7B and 7C, 7D

to the yoke 6A, each pair of adjacent magnets héving
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permanent magnets 7E, 7F and 7G, 7ﬁ to the yoke 6B, each
pair of adjacent magnets also having different polari-
ties, and.then fixing the yokes 6A, 6B together by means
of an adhesive or screws into an integral unit. The
positions of the permanent magnets 7A to 7H on the yokes
6A and 6B are determined solely depending on the posi-
tions of the driving coils 5A, 5B. Since the yokes 64,
6B each have a semicircular cutout or notch in its
central portion, the assembled unit can easily be
detached from and attached to the apparatus by removing a
cover 15 even in a condition that the carriage 3 and the
information recording disks 13 are installed in the
apparatus housing. Incidentally, the central angle
formed between rectilinear edges of each_of the yokes 64,
6B extending from the iﬁner to outer periphery is set to
be smaller than 180 degrees so that the volumes of the -
yokes are as large as possible to improve the character-
istics of tﬁe magnetic circuit.

The structure of the magnet-yoke assembly of
this embodiment will be described below in more detail
with reference to Fig. 4. As shown in Fig. 4, the two
pairs of permanent magnets 7A, 7B and 7C, 7D are arranged
such that each adjacent pair of maghéts have different
‘polarities and are adheéively fixed to the yoke 63,
whereas other two pairs of permanent magnets 7E, 7F and
7G, 7H are arranged such that each adjacent pair of

magnets have different polarities and are adhesively
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‘vo the yoke 6B, as has previously been déscxibed,

gixed t .
netic field G acts upwardly on the right-hand
A mad

as viewed in Fig. 4, of the first driving coil

windings.

sa while the magnetic field G acts downwardly on the

jeft-hand windings thereof. A magnetic field acts on

windings of the second driving coil 5B in similar direc-
tions. Under this condition, when a current is supplied
to the driving coils 5A, 5B in a direction perpendicular
to the drawing sheet of Fig. 4, force F ié generated ‘in
directions indicated by arrows. When a current is
supplied in the opposite direction, a force is generated
in a reversed direction. These thrusts drive the
carriage to rotate.

A description will now be made of a magnet-yoke
assembly supporting mechanism for suppressing vibration
imparted to a structural member of the apparatus due to a
reaction force which is generated upon driving of the
carriage. The magnet-yoke assembly in its entirety is
supported independently of the base 12, as shown in Fig.
1, by four sheet springs 8A to 8D arranged radially with
respect to the axis of the carriage pivot shaft 4 and the
reaction-force damping members 10A, 10B. Slits are
formed in the yoke 6A and the assembly-supporting members
9A, 9B. The sheet springs 8A to 8D are each fitted at
both ends into the corresponding slits and are ‘adhesively
fixed to the holding members 9A, 9B such that each sheet
spring extend perpendicularly to the base 12 and the axis

of the carriage pivot shaft 4 is positioned in a plane
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including the sheet springs. This arrangement allows the .-
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entire magnet-yoke assembly to rotate infinitesimally
about the carriage pivot shaft 4. The yoke 6A is held
independently of the base 12, but the assembly-supporting
members 9A, 9B.are fixed to the bage 12 by means of an
adhesive or screws or may alternatively be fabricated as
integral projections on the base 12. The yoke 6A and the
assembly~supporting members SA, 9B are bonded to each
other with plate-shaped reaction-force damping membérs
10A, 10B interposed respectively therebetween. The
damping members 10A, 10B are preferably made of silicon-
based gél or rubber materials.

With the construction described above, when the
head is driven, for example, in the direction indicated
by an arrow a in Fig. 1, the magnet-yoke assembly
supported by the sheet springs 8A to 8D and the reaction-
force damping members 10A, 10B is rotated infinitesimally
about the carriage pivot shaft 4 in the direction indi-
cated by an arrow b due to the reaction force caused by
carriage driving. The infinitesimal rotation of the
magnet-yoke assembly causes shearing forces to act .on the
reaction~force damping members 10A, 10B thereby absorbing
the vibration energy produced with the infinitesimal
rotation. As a result, the structural vibration due to
the reaction force caused by carriage driving can be
suppressed and hence vibration tending to impede head
positioning can be reduced. Ideally, if the inertial

moment of the entire magnet-yoke assembly, being
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jected to the reaction force, about the carriage—pivot
haft is much greater than the inertial moment of all the
S
ating members, including the carriage 3 on which the

rot
head 1 is mounted, about the carriage pivot shaft, the
vibration imparted to the structural member due to the
reaction force can be prevented. In this embodiment,
therefore, the yoke 6A is shaped to have a radial thick-
ness t, in its outer peripheral portion greater than an
axial thickness t, in its central portion, as shown in
Fig. 3, so that a larger part of the mass of the yoke 6A
is concentrated to the outer peripheral portion to

increase the total inertial moment of the magnet-yoke

assembly.
Additionally, to satisfy the standardized form

factor dimension, the assembly-supporting structure is
mounted in an empty space along an outer periphery of the
magnet-yoke assembly. Furthermére, to reduce the thick-
ness of the supporting structure, the height of the |
supporting structure is set to fall within the distance h
(see Fig. 9) between the uppér end face of the magnet-
yoke assembly (i.e., the upper surface of the yoke 6B)
and the upper surface of the base 12.

. An advantage of the above-described construc-
tion will be described below with reference to Fig. 5.
Figure 5 is a timing chart with the abscissa representing
time, in which (a) indicates a target angular velocity of
the carriage and (b) indicates an acceleration of base
vibration (in the carriage positioning direction) in the

rl‘{"h;) ST VS SR T X s
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prior art apparatus. As will be seen in Fig.
occurs residual vibration caused by the structural vibra-
tion due to the reaction force even after the position-
ing, i.e., after the elapse of time t,. Also, (c)
indicates an.acceleration (in the carriage positioning
direction) of base vibration in the inventive apparatus.
Residual vibration is held small throughout the operation
time, including a period after the positioning, due to
the effect given by the non-reacting support structure of
the magnet-yoke assembly. Further, (d) indicates an
acceleration (in the radial direction) of carriage pivot
shaft vibration in the prior art apparatus. Because the
carriage rear end is driven by one driving coil in the
prior art apparatus, a translational excitation force is
generated on the cérriage pivot shaft and lasts to
generate vibration even after the positioning. Finally,
(e) indicates an acceleration of carriage pivot shaft
vibration (in the radial direction) in the inventive
apparaﬁus. With the structure that the carriage is
driven by the two driving coils, vibration is held small
not only during the positioning but also after the
positioning.

The second embodiment of the present invention
will be described below with reference to Figs. 6 and 7.
In Figs. 6 and 7, the same reference numerals as those in
Figs. 1 to 3 denote the same or identical components as
or to those in the first embodiment. Between two pairs

of V-shaped grooves 21 formed in an outer peripheral

e
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assembly-supporting members 9C, 9D, four ball bearings 22
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comprising balls 17A to 17H and races l16A to 16D are
mounted to support the entire magnet-yoke assembly,
including the yoke 6B, independently of the base 12 so
that the magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. Also, similarly
to the preceding embodiment, the reaction-force damping
members 10A, 10B are mounted respectively between the
outer peripheral surface of the yoke or the magnet-yoke
assembly and the inner peripheral surfaces of the
assembly-supporting members 9C, SD. As will be seen from
Fig. 6, the ball bearings 22A to 22D and the reaction-
force damping members 10A, 10B are arranged in the
circumferential direction of the yoke 6A.

The mutual positional relationship between the
components will be apparent from Fig. 7. In this embodi- -
ment, a single sheet spring 8E is provided at a position
corresponding to the position of the sheet spring 8C in
the embodiment shown in Fig. 1. The sheet spring BE
extends perpendicularly to the base 12 and is arranged
radially of the axis of the carriage pivot shaft 4.

After the entire magnet-yoke assembly has been rotated
infinitesimally due to the reaction force caused by
carriage driving, the sheet spring 8E functions to return
the entire magnet-yoke assembly to its neutral position.
With the addition of such a return mechanism, initial

positions of the magnet-yoke assembly and the driving
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coils will not be offset so as to generate stabkgmgrthm

force at all times, thereby ensuring precise positioning
of the head 1.

The third embodiment of the present invention
will be described below with reference to Figs. 8 to 12,
In Fig. 8, the same reference numerals as those in Figs,
1 to 3 denote the same or identical components. The
entire magnet-yoke assembly including the yoke 6B is
supported independently of the base 12 by a magnet-yoke
assembly supporting mechanism comprising éliding bearings
23A, 23B. Figure 9 shows a structure of one sliding
bearing 23A. A groove 6A-1 is forﬁed in the outer
peripheral surface of the yoke 6A, and a projection 9F is
provided on an inner peripheral surface of a assembly-

Jporting member 9E and slidably engaged in the groove

6A-~1. With such an arrangement, the entire magnet-yoke
assembly is supported independently of the base 12 so
that the magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. The assembly-
supporting member 9E is formed of, e.g., Teflon or any
other suitable material. The other assembly-supporting
member 9G is provided with a similar projection (not
shown) which is engaged in a groove 6A-2 formed in the
yoke 6A to thereby constitute the sliding bearing 23B.

Reaction-force damping members 10A, 10B are
mounted respectively between the magnet-yoke assembly and
the assembly-supporting members 9F, 9G. Each of the

reaction-force damping members may comprise two pieces
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mounted one on the upper or lower side of the proJ&€tion
9F on the assembly-supporting member, as shown in Figq.
10, or may be of a single rectangular piece having a slit
10C which slidably receives the projection 9F, as shown
in Fig. 11. While the grooves of fhe sliding bearings
are formed in the yoke 6A in this embodiment, the
embodiment may be modified such that a projection 6C is
provided on the outer per;pheral surface of the yoke 6A
and a groove is formed in each of the assembly-supporting
members 9E, 9G so that the two members slidably engage
with each other. Further, this embodiment includes a
mechanism for returning the carriage to its neutral posi-
tion by the sheet spring 8E after an infinitesimal rota-
tion, as in the second embodiment.

The fourth embodiment of the present invention
will be described below with reference to Figs. 13 to 14.
In Fig. 13, the same reference numerals as those in Figs.
1 to 3 denote the same or identical components. In this
embodiment, the entire magnet-yoke assembly including the
yoke 6B is supported by two dashpot mechanisms 20 which
also provide a reaction-force damping effect. Further,
this embodiment includes the mechanism for returning the
carriage to its neutral position by the sheet spring 8E
after the infinitesimal rotation, as in the above embodi-
ments.

As shown in Fig. 14, the dashpot mechanisms 20
are each structured such that coaxially mounted on-an

arcuate shaft 20A are two pistons 20B each provided with
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a plurality of through holes 20C parallel to the shaft
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20A, to thereby construct an assembly, this piston-shaft
assembly is accommodated in an arcuate housing 20D having
a hole (cavity) 20E adapted to slidably receive those
pistons, and both ends of the arcuate housing 20D are
covered by covers 20F. The arcuate housing 20D is fixed
to the outer peripheral surface of the magnet-~yoke
assembly such that both ends of the shaft 20A project
outwardly through openings 20G in the covers 20F. The
projecting ends of the arcuate shaft 20A are fixed to the
base 12 through the assembly-supporting members 9C, 9D,
whereby the entire magnet-yoke assembly is supported
independently of the base 12 so that the magnet-yoke
assembly is infinitesimally rotatable about the carriage
pivot shaft 4. When the magnet-yoke assembly vibrates
infinitesimally in response to the reaction force caused
by carriage driving during the operation, air in the
arcuate housing 20D is forced to flow through the piston
holes 20C, thereby providing a reaction-force damping
effect. A simiiér advantage can also be obtained by fix-
ing the arcuate housing 20D to each of thé assembly-
supporting members 9C, 9D and fixing both ends oﬁ the
arcuate shaft 20A to the outer peripheral surface of the
magnet-yoke assembly conversely to the above structure.
According to several embodiments described
above, the carriage is provided with two flat-type driv-
ing coils, the angle B formed between the center line of

" the first driving coil and the carriage guide arm is set
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to be not larger than 90 degrees, the angle 6’'-formed-—
between the respective center lines of the first and
‘second driving coils is set to about 120 degrees, the
magnet-yoke assembly comprises two yokes sandwiching both
sides of the driving coils and permanent magnets, and
further the assembly-supperting mechanism is mounted
outwardly of the outer peripheral surface of the magnet-
yoke assembly and also arranged within the height from
the base surface to the upper end face of the magnet-yoke
assenbly. Thefefore, the appazatus can be so reduced in
size and thickness that the apparatus falls within the
form factor dimensions standardized fox small-sized
magnetic disk apparatus. Consequently, the present
invention can realize a positioning mechanism which
satisfies any of the standardized form factor dimeﬁsions
for small-sized magnetic disk apparatus, such as 1.3",
1.8", 2.5", 3.5" and 5.25", and is less liable to be
subjected to vibration.

Also, since the carriage is rotatively driven
by forces close to a couple, a translational excitation
force acting on the cazriage pivot shaft can be reduced.
Further, of the components of the carriage driving voice
coil motof, the magnet-yoke assembly comprising the yokes
and the permanent magnets is held by the magnet~yoke.
assembly supporting mechanism such that the magnet-yoke
assembly is independent of the base and is infini-
tesimally rotatable and i1s mounted on the base through

the reaction-force damping members. It is therefore
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to a reaction-force which is generated in the opposite

o e s
AN TR A I 40T

05 SEP 1996

direction to the driving force. As a result of the above
structure, the relative displacement of the head and disk
due to structural vibration can be ?revented to assure a
high-speed and highly-accurate head positioning.

Further, since the yoke of the magnet-yoke
assembly is constructed to have a radial thickness in its
outer peripheral portion greater than an axial thickness
in its central portion, the inertial moment of the
magnet-yoke assembly subjected to the reaction force can
be much greiter than the inertial moment of the rotating
members. As a result, the effect of canceling the
reaction force imparted to the base is enhanced so that
the relative positions of the head and the disk can be
more positively prevented from being changed by vibration
of the structural member, enabling a high-speed and
highly-accurate head positioning to be achieved.

Since the magnet-~yoke assembiy is provided in
its central portion with a semicircularicutout for avoid-
ing interference with the carriage and has a cutout
defined by rectilinear edges extending from the center to
the outer peripheral portion.of the magnet-yoke assembly
with a central angle smaller than 180 degrees defined
between the edges and positioned to avoid interference
with information recording disk, the entire magnet-yoke
assembly can be detached from the apparatus even in a

condition that the carriage and the information recordirzt
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1tant improved assembling efficiency.

resu

Additionally, since the magnet-yoke assembly
capable of infinitesimally rotatable is provided with a
mechanism for returning the carriage to its neutral
position after the infinitesimal rotation, initial
positions of the magnet-yoke assembly and the driving
coils will not be offset to thereby generate stable
driving force at all times and enables a high-speed and
highly-accurate head positioning to be achieved.

In short, according to the present invention,
by prescribing positions of two driving coils, the
apparatus can be reduced in both size and thickness so
that the apparatus falls within any of the form factor
dimensions standardized for small~sized magnetic disk
apparatus. Also, vibration of a carriage supporting
system can be suppressed by driving the carriage with the -
two coils, and vibration of a structural member due to a
reaction force can be prevented by supporting the magnet-
yoke assembly in a reaction-force damping manner, making
it'possible to position a head at a high speed and with
high accuracy. As a result, a high-speed and highly-
accurate rotary information fecording/reproducing
apparatus having a reduced size and thickness can be

achieved.
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CLAIMS

1. A rotary information recording/reproducing
apparatus including at least one disk for recording'
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, and a
carriage driver for applying a torque to said carriage, a
carriage actuator including two driving coils fixed to
said carriage and a magnet-yoke assembly which comprises
permanent magnets and at least one yoke, said magnet-yoke
assembly and said driving coils being mounted substan-
tially on opposite sides of a carriage pivot shaft axis
and at a position just outward of a region where magnetic
flux leaking from said magnet-yoke assembly affects said
disk.

2. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial diréction of said disk, a
carriage driver for applying a torque to said carriage,
and a housing comprising a base and a cover to support
and accommodate said disk, said head, said carriage and
said carriage driver, a carriagé actuator including two
driving coils fixed to said carriage and a magnet-yoke
assembly which comprises permanent magnets and at least
one yoke, the arrangement being such that the angle

formed between a line connecting the center of the first
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driving coil and the center of a carriage pivot Shartana
another line connecting said head and the center of said
carriage pivot shaft is not larger than 90 degrees and
that the angle formed between the first and second driv-
ing coils about the center of said'carriage pivot shaft
is within the range of from 100 degrees to 150 degrees.
3. A rotary information recording/reproducing
apparatus according to Claim 2, wherein the angle formed
between said first driving coil and said second driving
coil about the center of rotation of said carriage is
substantially‘120 degrees.

4. A rotary information recording/reproducing
apparatus according to Claim 2, wherein the angle formed
between the line connecting the center of said first
driving coil and the center of said carriage pivot shaft
and the line connecting said head and the center of said
carriage pivot shaft is in the range of from 70 degrees
to 80 degrees.

5. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying a torqué to said carriage,
and a housing comprising a base and a cover to'support
and accommodate said disk, said head, said carriage and
said carriage driver, said carriage actuator including

two driving coils fixed to said carriage and a magnet-
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yoke assembly which comprises permanent magnet#
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lease one yoke, the arrangement being such that the angle
.formed between a line connecting the center of the first
driving coil and the center of a carriage pivot shaft and
a line connecting said head and the.center of said
carriage pivot shaft is not larger than 90 degrees and
that the angle formed between the center lines of the
first and second driving coils about the center of said
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, said first and second driving coils being
flat in shape, means for supporting said magnet—yoké
assembly, said supporting means being mounted on one
surface of said base outwardly of an outer peripheral
surface of said magnet-yocke assembly, said magnet-yoke
assembly supporting means being arranged to be within the
dimension from said one surface of said base to an end
face of said magnet-yoke assembly spaced from said one
base surface.

6. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes at least three sheet
springs, two assembly-supporting members and reaction-
force damping members, said sheet springs being mounted
radiating out from said carriage pivét shaft between the
outer peripheral surface of said magnet-yoke assembly and
said assembly-supporting members such that each of said
sheet springs extends ?erpendicularly to said base and

the center of said carriage pivot shaft is positioned in
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a plane including the sheet spring, said assembly—

supporting members being fixed to said base to -support
said magnet-yocke assembly so as to be independent of said
base and infinitesimally rotatable, said reaction-force
damping members being plate-~shaped members each mounted
'between the outer peripheral surface of said magnet-yoke
assembly and an inner peripheral surface of one of saidl
assembly-supporting members.

7. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a ball bearing, a
assembly~-supporting member, and a reaction-force damping
member, said ball bearing comprising a plurality of balls
and races mounted between V-shaped grooves formed respec-
tively in the 6uter peripheral surface of said magnet-
yoke assembiy and an inner peripheral surface of said
assembly-supporting member, said assembly-supporting
member being fixed to said base to support said magnet-
yoke assembly so as to be independent of said base and
infinitesimally rotatable, said reaction-force damping
member being a plate-shaped member mounted between the
outer peripheral surface of said magnet-yoke assembly and
the inner peripheral surface of said assembly-supporting
member.

8. A rotary information recdrding/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a sliding bearing, a

assembly-supporting member and a reaction-force damping
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member, said sliding bearing comprising a greexehigzmgg_____‘j

in the outer peripheral surface of said magnet-yoke

assembly and a projection formed on an inner peripheral
surface of said assembly-supporting member and slidably
engaged in said groove, said assembly-supporting member
being fixed to said base to support said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable, said reaction-force damping member
being a plate-shaped member mounted between the outer
peripheral surface of said magnet-yoke assembly and the
inner peripheral surface of said assembly-supporting
member.

9. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a sliding bearing, a
assembly-supportiné member and a reaction-force damping
member, said sliding bearing comprising a projection
formed on the outer peripheral surface of said magnet-
yoke assembly and a groove formed in an inner peripheral
surface of said assembly-supporting member and slidably
engaged with said projection, said assembly-supporting
member being fixed to said base for supporting said
magnet—yoke assembly so as to be independent of said base
and infinitesimally rotatable, said reaction-force damp-
ing member being a plate-shaped member mounted between
the outer peripheral surface of said magnet-yoke assemblY
and the inner peripheral surface of said assemblY-

supporting member.
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10. A rotary information recording/reproducing
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apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a
plurality of through holes parallel to said arcuate shaft
and fixed thereto, and an arcuate housing having formed
therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both open ends of said cavity, said arcuate
housing being fixed to the outer peripheral surface of
said magnet-yocke assembly, both ends of said arcuate
shaft being supported by said assembly-supporting member,
said assembly—supporting member being fixed to said base
for supporting said magnet-yoke assembly so as to be
independent of said base and infinitesimally rotatable
via said dashpot mechanism.

11. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a

plurality of through holes parallel to said arcuate shaft
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and fixed thereto, and an arcuate housing héuing_inrmmi______

therein a cavity to slidably receive said piston, both

U o SEP 99

ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
.for covering both open ends of said cavity, said arcuate
housing being fixed to said assembly-supporting member,
both ends of said arcuate shaft being supported by said
magnet-yoke assembly, said assembly-supporting membex
being fixed to said base for supporting said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable via said dashpot mechanism.

12. A rotary information recording/reproducing
apparatus according to any one of Claims 5 to 11, whe;ein
the yoke of said magnet-yoke assembly includes an outer
peripheral portion and an inner portion lying inwardly of
said outer peripheral portion, a radial thickness of said
outer peripheral portion being greater than an axial
thickness of said inner portion.

13. A rotary information reqording/reproducing
apparatus according to any one of Claims 5 to 12, wherein
the yoke of said magnet-yoke assembly has a generally
semicircular shape provided with a central opening for
said carriage and with a cutout formed in continuity with
said opening and having diverging edées extending
substantially parallel to an outer peripheral edge of
said disk, a central angle formed between the diverging
edges of said cutout being smaller than 180 degrees.

14. A rotary information recording/reproducing

R
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apparatus according to any one of Claims 7 to 13, wherein
at least one sheet spring is mounted between the outer
peripheral surface of said magnet-yoke assembly and said
assembly-supporting member, said sheet spring being fixed
to said magnet-yoke assembly and said assembly-supporting
member such that said sheet spring extends substantially
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including
said sheet spring, whereby said magnet-yoke assembly is
returned to its neutral position after infinitesimal
rotation.

15. A rotary information recording/reproducing
apparatus according to any one of Claims 5 to 14, wherein
the yoke and the permanent magnet of said magnet-yoke
assembly are so structured as to be detachable\from said
apparatus in & condition that said yoke and said perma-

nent magnet are assembled into an integral unit.

16. A rotary information recording/reproducing
apparatus constructed and arranged substantially as

hereinbefore described, with reference to the accompanying

drawings.
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ABSTRACT
ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS

A rotary information recording/reproducing apparatus has
a carriage rotatable by the first and second driving coils about
a pivot shaft for head positioning. The cénfiguration of the
driving coils and the carriage guide arm reduces the apparatus
size and vibration. A magnet-yoke assembly is mounted to a base
by sheet springs and reaction-force damping membe;s interposed
therebetween so that the magnet-yoke assembly is independent from
and infinitesimally rotatable relative to the base. High-speed
and highly-accurate head positioning is achieved.by employing two
driving coils and a reaction-force damping mechanism which
attenuate excitation of the carriage pivot system and disk

spindle.

FIGURE 1.
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ROTARY . INFORMATION RECORDING/REPRODUCING AFP!

j

The present invention relates to a rotary
information recording/reproducing apparatus for turning
and positioning a head to a predetermined point on an
information recording disk and, more particularly, to a
rotary information recording/reproducing apparatus which
has a smaller size and can '‘position a head at a high

speed and with high accuracy.

A prior art magnetic disk apparatus will be
described, taking U.S. Patent No. 5,027,242 as an
example. Information recording disks arranged one above
another are driven to rotate at a constant speed L
disk rotating motor fixed to a base. Heads are su
by carriage guide arms through head suspensions in such a
manner that each head is floated with a small gap held
relative to an associated disk for recording/reproducing
information. High-speed and highly accurate positioning
of the head is performed by rotatively driving the
carriage with a voice coil motor. The carriage is
mounted and supported through ball bearings on and by a
pivot shaft fixedgto the base such that the carriage can
rotate about the pivot shaft. The voice coil motor

comprises a voice coil, permanent magnets and a yoke. Of
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these components, the voice coil is attached to the.

carriage, whereas the permanent magnets and the yoke

‘(both serving as parts of a magnet-yoke assembly) are

fixed to the base. Since the voice coil surrounded by
the magnet-yoke assembly in sandwiched relation is under
the action of a magnetic field, the carriage is
rotatively driven when the voice coil is supplied with
electric power.

However, when a driving force is generated in
the voice coil with the supply of'electric power to the
voice coil, a resultant reaction force acts on the
magnet-yoke assembly of the voice coil motor to vibrate
the base, thereby causing vibration excitation of the
disk. Also, with the generation of the driving force in
the voice coil, translational excitation force acts on
the carriage pivot shaft at the same time, thereby
vibrating a carriage supporting system. A resultant
vibration force acts on the disk driving motor to vibrate
it, and hence the disk is further vibrated.

In view of the above problems, the prior art
disclosed in Japanese Unexamination Patent Publication
No. 1-222647 and U.S. Patent No. 4,620,252, for example,
has been proposed. The prior art apparatus includes two
flat type driving coils attached to a carriage on
opposite sides of the carriage pivot shaft axis. Two
sets of magnet-yoke assembly are arranged in non-contact
relation to the driving coils for rotating the carriage

by a couple. This arrangement is intended to prevent the
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translational excitation force from acting on the
carriage pivot shaft and to reduce vibration of a
structural member caused by the carriage motion.

According to the prior art disclosed in the
above-cited Japanese Unexamination Patent Publication No.
1-222647 and U.S. Patent No. 4,620,252, however, an
information recording disk having a sufficiently large
outer diameter cannot be accommodated in a housing of the
apparatus, making it difficult to provide the apparatus
with a large capacity. Specifically, because the two
driving coils are attached to the carriage in opposite
relation with respect to the axis of the carriage pivot
shaft and the magnet-yoke assemblies are arranged around
the driving coils, the axis-to-axis distance between the
carriage pivot shaft and a disk rotating shaft or spindle
must be set to be greater than required in other conven-
tional apparatus using one driving coil, in order to
avoid interference between the carriage and the disk. If
a disk having a conventional large outer diameter is
installed in the apparatus housing, the size of the appa-
ratus must be increased in the longitudinal direction
thereof.

Further, in order to satisfy form factor dimen-
sions such as 1.3, 1.8, 2.5, 3.5 or 5.25 inches which are
standardized for small-sized magnetic disk apparatus, the
disk size must be reduced to such an extent as not
departing from the apparatus dimension in the longi-

tudinal direction. This leads to a reduction in storage
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capacity of the apparatus. 1In addition, the greater
axis-to-axis distance as discussed above enlarges the
size of a carriage guide arm, resulting in the increased
inertial moment of rotating members. This requires a
longer access time and, if the output'of a carriage
driving motor is increased as measures for avoiding such -
a drawback, the apparatus size would be necessarily
enlarged. Thus, it has been difficult to realizé a
mechanism which can maintain the apparatus within the
standardized form factor dimension, to suppress vibration
imparted to a disk via a base or carriage to the extent
possible, and to position the head at a high speed and
with high accuracy.

The first feature
of the present invention resides in a rotary information
recording/reproducing apparatus which includes at least
one disk for recording information, a carriage supporting
a head to record/reproduce information on or from said
disk and being positioned in the radial direction of said
disk, and a carriage driver for applying a torgue to said
carriage, a carriage actuator including two driving coils
attached to said carriage and a magnet-yoke assembly
which comprises permanent magnets and at least one yoke,
said magnet~yoke assembly and said driving coils being
attached to.said carriage substantially on opposite sides
of a carriage pivot shaft axis and at a position just
outward of a region where magnetic flux leaking from said

magnet-yoke assembly affects said disk.
THIS S5 08 50N |
EPLACED
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resides in a rotary information recording/reproducing
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apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying & torgue to said carfiage,
and a housing comprising a base and a cover to support
and accommodate said disk, said head, said carriage and
said carriage driver, a carriage actuﬁtor including two
driving coils attached to said carriage and a magnet-yoke

assembly which comprises permanent magnets and at least

one yoke, the arrangement being such that the angle

' formed between a line connecting the center of the first .

driving coil and the center of said carriage pivot shaft
and another line connecting said head and the center of
said carriage pivot shaft is not larger than 90 degrees
and that the angle formed between the center lines of the
first and second driving coils about the center of said
qarriage pivot shaft is within the range of from 100
degrees to 150 degrees.

The third feature of the present invention

‘resides in a rotary information recording/reproducing

apparatus which includes at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying a torque to said carriage,

and a housing comprising a base and a cover to support

THIS SHEET HAS BEEN
REPLACED
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said carriage driver, a carriage actuaﬁor including two
driving coils attached to said carriage and a magnet-yoke
assembly which comprises permanent magnets and at lease
one yoke, the arrangement being such that the angle
"formed between a line connecting the center of the first
driving coil and the center of said carriage pivot shaft
.and another line connecting said head and the center of
said carriage pivot shaft is not larger than 50 degrees
and that the angle formed between the center lines of the
first and second driving coils about the center of said
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, said first and second driving coils being
flat in shape, means for supporting said magnet-yoke
assembly, said supporting means being mounted on one
surface of said base outwardly of an outer peripheral
surface of said magnet-yoke assembly, said magnet-yoke
assembly supporting means being arranged to be within the
dimension from said one surface of said base to an end
face of said magnet-yoke assembly spaced from said one

base surface.

The present invention msy

realize a reduction in both apparatus size and thickﬁess
and, hence, to provide a rotary information recording/
reproducing apparatus which is withiﬁ the standardized
form factor dimension.

The present invention may
provide a high-performance rotary information recording/

reproducing apparatus equipped with a low-vibration head

THIS SHEET HAS BEEN
REPLACED
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itioning mechanism in which an information recording
pOSL

disk is prevented from vibrating due to a reaction force
i

generated with driving of a carriage, and a translational
excitation force acting on a carriage pivot shaft upon
generation of a carriage torque is reduced to the extent

possible. .
In a preferable embodiment of the present

invention, said magnet-yoke assembly supporting means
includes at least three sheet springs, two assembly-
supporting members and reaction-force damping members,
said sheet springs being mounted radiating out from said
carriage pivot shaft between the outer peripheral surface
of said magnet-yocke assembly and said assembly-supporting
members such that each of said sheet springs extends
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including
the sheet spring, said assembly-supporting members being
mounted to said base to support said magnet-yoke assembly
so as to be independent of said base and infinitesimally
rotatable, said reaction-force damping members being
plate~shaped members each mounted betweén the outer
peripheral surface of said magnet-yoke assembly and an
inner peripheral surface of one of said assembly-

supporting members.
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replaced with ball bearings or sliding bearings. The
magnet-~yoke assembly supporting means may comprise a
dashpot mechanism provided on the outer peripheral
surface of the magnet-yoke assembly and a assembly-
supporting member for supporting the dashpot mechanism.

Preferably, the yoke of the magnet-yoke
assembly may include an outer peripheral portion and an
inner portion lying inwardly of the outer peripheral
portion, a radial thickness of the outer peripheral
portion being greater than an axial thickness of the
inner portion. Also preferably, the yoke of said magnet-
yoke assembly has a generally semicircular shape provided
with central opening for said carriage and with a cutoﬁt
formed in continuity with said opening and having diverg-
ing edges extending substantially parallel to an outer
peripheral edge of said disk, a central angle formed
between the diverging edges of said cutout being émaller
than 180 degrees.

Further preferably, at least one sheet spriné
is mounted between the outer peripheral surface of said
magnet~yoke assembly and said assembly-supporting member,
said sheet spring being fixed to said magnet-yoke
assembly and said assembly-supporting member such that
said sheet spring extends substantially perpendicularly
to said base and the center of said carriage pivot shaft
is positioned in a plane including said sheet spripg,
whereby said magnet-yoke assembly is refurned to its

THIS SHERET HAS BERN
REFLACED




This Sheet Has Been Replaced

-9 -

neutral position after infinitesimal rotation.
According to the above first feature, since the
magnet-yoke assembly id suspended and the driving coils
are mounted at a position just outwardly of a region
where magnetic flux leaking from the magnet-yoke aésembly
affects the disk, the axis-to-axis distance between the
disk rotating shaft or spindle and the carriage pivot
shaft can be reduced while magnetic recording on the disk
is kept in a high-accurate state. Therefore, it is also
possible to reduce the distance between the head and the
center of the carriage pivot shaft, the distance between
the center of the carriage pivot shaft and an end face of
the apparatus, and further the apparatus size. 1In addi-
tion, since carriage guide arms can be shortened, the
inertial moment of the carriage is eventually reduced,
resulting in a higher-speed positioning of the head.
According to the above second feature, since
the angle formed between a line connecting the center of
the first driving coil and the center of the carriage
pivot shaft and another line connecting the head and the
center of the pivot shaft is not larger than 90 degrees,
and the angle formed between the center lines of the
first and second driving coils about the center of
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, the magnet-yoke assembly surrounding the
two driving coils in sandwiched relation cdn be prevented
from interfering with the disk. Also, since the axis-to-

axis distance between the spindle and the carriage is
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inertial moment of the carriage can be reduced corre-
spondingly. Further, since the two driving coils are
mounted around the carriage pivot shaft in angularly
spaced relation in the circumferential direction of the
shaft axis, the carriage can be rotatively driven by a
force substantially close to a couple so that a trans-
lational excitation force acting on the carriage pivot
shaft is reduced during the operation. It is to be noted
that, when the two driving coils are so mounted as to be
spaced 120 deg;ees, the translational excitation force
acting on the carriage pivot shaft can be reduced to a
half that produced in the prior art apparatus, and when
spaced 150 degrees, it can be reduced to a quarter. This
enables the apparatus size to be  reduced within any of
the standardiied form factor dimensions and is also
advantageous in respect of high-speed positioning of the
head. Additionally, components of the carriage actuator
are assembled into an integral unit. The magnet-yoke
assembly can be attached to and detached from the
apparatus as one unit, resulting in an improvement in

" assembling efficiency.

Moreover, accoxrding to the above third feature,
since the two driving coils are flat in shape and the
magnet-yoke assembly supporting mean is mounted outwardly
of the outer peripheral surface of the magnet-yoke
assembly and is arranged to fall within the height from

the base surface to the upper end face of the magnet-yoke

115 SHEE' J AL BREN
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assembly, the thickness of the apparatus can be reduced
remarkably.

In the preferred embodiment, since the magnet-
yoke assembly supporting means includes sheet springs,
assembly-supporting members and reaction-force damping
members, the magnet-yoke assembly is suspended by the
supporting means so as to be independent of the base and
infinitesimally rotatable and is also supported through a
damping structure comprising the reaction-force damping
members. Therefore, the structural vibration of the
base, due to a reaction-force which is generated in the
opposite direction to the driving force can be reduced.
As a result, the relative displacement of the head and
disk due to structural vibration cah be prevented,
thereby achieving a high-speed and highly-accurate head
positioning. A similar advantage can also be obtained by
using ball bearings or sliding bearings instead of the
sheet springs, or by employing a combination of dashpot
mechanism and assembly-supporting member to construct the
magnet-yoke assembly supporting means.

Further, when the yoke of the magnet-yoke
assembly is constructed such that the radial thickness of
its outer peripheral portion is greater than the axial
thickness of its inner portion, a stfucture_is realized
in which the inertial moment of the magnet-yoke assembly
subjected to the reaction force is much greater than the
inertial moment of the rotating members. As a result,

the effect of canceling the reaction force imparted to
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the base is enhanced so that the head and the‘éésk_amLhFN~N_J

more positively prevented from_being shifted in by vibra.
tion of the structural member, thereby achieving a high-
speed and highly-accurate head positioning. Also, when
the magnet-yoke assembly is provided with a semicircular
opening in its central portion and with a cutout defined
by rectilinear edges extending from the center to the
outer periphery thereof with a central angle between the
edges being not larger than 180 degrees, the entire
magnet-yoke assembly can be attached to and detached from
the apparatus even in a condition that the carriage and
the disk are kept assembled on the apparatus, with a
resultant improvement in the assembling efficiency.

Additionally, when the outer peripheral portion
of the magnet-yoke assembly and the assembly-supporting
member is coupled to each other by at least one sheet
spring, a mechanism for returning the magnet-yoke
assembly to its neutral position after infinitesimal
rotation can be provided to prevent the magnet-~yoke
assembly and the driving coils from being offset from
their initial positions, so as to generate stable driving
force at all times, thereby achieving a high-speed and
highly~-accurate head positioning.

The above and othér
advantages of the present invention will be more apparent
from the following description made merely by way of example

with reference to the accompanying drawings.

THIS SHEET HAS BREEN
REPLACED




1 1DEC 59

This Sheet Has Been R

[T

Figure 1 is a schematic illustration of an
entire structure of the first embodiment of a rotary
information recording/reproducing apparatus according to
the present invention;

Figure 2 is a graph showing the relationship
between a twin-coil separation angle and a translational
excitation force acting on a carriage pivot shaft; and
the range in which the standardized form factor dimension
is satisfied;

Figure 3 is an exploded view showing various
components of the embodiment shown in Fig. 1 and the
mutual positional relationship between these components
in an assembled state;

Figure 4 is a sectional view of a carriage
actuator taken along line IV - IV in Fig. 1;

Figure 5 is a timing chart showing an advantage
of the present invention;

Figure 6 is a schematic illustration similar to
Fig. 1, but showing the second embodiment of the present
invention;

figure 7 is an exploded view showing various
components of the embodiment shown ip Fig. 6 and the
mutual positional relationship between these components
in an assembled state;

Figure B is a schematic illustration similar to
each of Figs. 1 and 6, but showing the third embodiment

of the present invention:
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Figure 9 is a sectional view taken aIﬁﬁg‘iiﬁE“;“*“~“"“

IX - IX in Fig. 8;

Figure 10 is a perspective view of a reaction-
force damping meﬁber for use in the embodiment shown in
Fig. B;

Figure 11 is a perspective view of a modifica-
tion of the reaction-force damping member shown in Fig.
10;

Figure 12 is a sectional view of a modification
of the embodiment shown in Fig. 9;

Figure 13 is a schematic illustration of an
‘entire structure .of the fourth embodiment of the present
invention; and

Figure 14 is an exploded view showing various
components of a dashpot mechanism for use in the embodi-
ment shown in Fig. 13 and the mutual positional relation-

ship between these components in an assembled state.

Referring to Fig. 1, a plurality of information
recording disks 13 arranged one above another in a direc-
tion normal to the drawing sheet of Fig. 1 are rotatively
driven by a disk rotating motor 14 fixed to a base 12. A
head 1 used to record/reproduce info?mation is secured to
a carriage 3 through a head suspension 2. Two ball bear-
ings 11 are mounted on a pivot shaft 4 which is fixed to
the base 12. The carriage 3 is rotatable about the axis

of the pivot shaft 4. The carriage 3 is fixed to outer

THIS SHIERT Has
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races of the ball bearings so as to be rotatable about
the carriage pivot shaft 4. A voice coil motor
constituted by a magnet-yoke assembly, comprising yokes
and permanent magnets, and driving coils rotates the
carriage 3 for positioning the head to a predetermined
point on an associated disk 13 to thereby record or
reproduce information.

In this first embodiment, the carriage 3 is
provided with two driving coils 5A, 5B, and yokes 6A, 6B
(Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are
mounted so as to sandwich the driving'coils in the
direction normal to the drawing sheet.

In a prior art apparatus, the carriage 3 is
provided with only one driving coil. This driving coil
is mounted such that the center of the driving coil is
positioned on an extension of the line connecting the
head 1 and the carriage pivot shaft 4. To describe the
arrangement with reference to Fig. 1, such a single
driving coil is mounted at a point which is slightly
angularly shifted from the second driving coil 5B toward
the first driving coil 5A. 1In this arrangement, when
electric power is supplied to the driving coil under the
action of a magnetic field, a driving force is generated
in the driving coil to push an end of the carriage so
that a torque is exerted to rotate the carriage about the
pivot shaft. As a result, the head can be moved to a
predetermined position on the information recording disk.

However, because the driving force concomitantly produces

! IL” SH 'ul T :* AL :.:‘-_ LN
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a translational excitation force acting on the cérriagg‘"
pivot shaft, a carriage support system is excited to
cause vibration which impedes head positioning.

The above drawback can be avoided by arranging
two dfiving coils (twin coils) in opposite relation with
respect to the carriage pivot shaft such that a twin-coil
separation angle 6, shown in Fig. 1, is set to be 180
degrees. With such an arrangement, only a torque is
exerted on the carriage and hence no translational
excitation force is generated to act on the carriage
pivot shaft. However, because magnet-yoke assembly which
surround the driving coils would interfere with a disk,
the axis-to-axis distance L, between the disk rotating
shaft or spindle and the carriage pivot shaft must be set
to be greater than in the conventional apparatus using
one driving coil. Although the distance L, between the
center of the carriage pivot shaft and the end face of
the apparatus is reduced to some extent, the distance I,
is increased and, eventually, the apparatus size L in the
longitudinal direction cannot be reduced. Also, the
greater distance L; necessarily entails a longer distance
between the head and the center of the carriage pivot
shaft. As a result, the increased inertial moment of the
carriage 3 gives rise to an obstacle against high-~speed
head positioning.

In this embodiment, for achieving a further
reduction in size of small-sized magnetic disk apparatus

within the standardized form factor dimension and

THIS SHEET HAS BELN
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suppressing a translational excitation force geneféted
during operation and acting on the carriage pivot shaft,
the angle B defined between a line connecting the head 1
and the center of the carriage pivot shaft 4 and the
center line of the first driving coil 5A is set to be not
larger than the right angle (90 degrees), and the twin-
coil separation angle 8 is set to be about 120 degrees.
Additionally, the magnet-yoke assembly comprising the
vokes and the permanent magnets is connected to assembly-
supporting members 9A, 9B by assembly-supporting sheet
springs 8A, 8B, 8C, 8D, etc., and reaction-force damping
members 10A, 10B are mounted between the yokes and the
assembly-~supporting members.

An advantage of the above-described structure
will be described below with reference to Fig. 2. In the
graph of Fig. 2, the abscissa represents the twin-coil
separation angle 6, and the ordinate represents the
translational excitation force acting on the carriage
pivot shaft with one produced in the prior art apparatus
taken as a reference. 1In the prior art apparatus, a
single driving coil has two surfaces each being under the
action of a magnetic field to generate a driving force,
and the angle a (see Fig. 1) defined between the lengths
of the two surfaces is about 45 degfées. Assuming that
the translational excitation force acting on the carriage
pivot shaft during the operation of the prior art
apparatus is 1.0, as the twin-coil separation angle 6

increases, the translational excitation force acting on
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the carriage pivot shaft is reduced and becomes zero at 8
of 180 degrees, i.e., when the carriage is driven by the
ideal couple.

In the range of the angle 6 denoted by A in
Fig. 2, however, the apparatus size exceeds the stand-
ardized form factox dimension for the above-described
reason that the distance L, is increased. The voice coil
motor can be constructed without increasing the axis-to-
axis distance 1, between the spindle and the carriage
pivot shaft in the range denoted by B, but if the range B
is exceedad by the angle 9, the axis-to-axis distance L,
must be increased because of interference between the
. disk and the carriage. As a result, a carriage guide arm
must be made longer, which increases the inertial moment
of the carriagé and hence impedes high-speed head
positioning. In the range denoted by C, the axis-to-axis
distance L, is not required to be increased, but the voice
coil motor and the disk are so close to each other, so
that the magnetic flux leaking from the magnet-yoke
assembly affects the disk. Further, in the range denoted
by D, the magnet-yoke assembly which has been assembled
into a unit can be mounted after the carriage is
installed. Thus, the assembling efficiency is improved
if the apparatus is constructad with the angle 6 set to
be within the range D. However, the translational
excitation force acting on the carriage pivot shaft would
be increased unless the twin-coil separation angle 6 is

get to be as large as possible.

I\L PLJ&I\\.,L__!) -




This Sheet Has Been Replaced

~ |MBMHERE

- 19 -

i
xing into account the conditions distussesd
Ta

he range denoted by E is an advantageous range
t

above: . .
ctical use. In other words, the twin-coil separa-
a

for PY
8 may preferably be in the range from 100 to

cion angle

150 degrees. The translational excitation force acting

on the carriage pivot shaft is reduced to a half of that
generated in the prior art apparatus at the angle 6 of
120 degrees, and to a quarter at 6 of 150 degrees.
considering the twin-coil separation angle 6 from the
viewpoint of a geometrical positional relationship
between components of the apparatus, if the angular range
in which the carriage 3 shown in Fig. 1 can be rotated
radially of the disk is defined as angle y, the ratio of
8/y is in the range of from 4.5 to 6.8 since y is about
22 degrees. Also, since the angle f formed between the
line connecting the head 1 and the center of the carriage
pivot shaft 4 and the center line of the first driving
coil 5A is in the range of from 70 to 80 degrees, the
ratio of B/y is in the range of from 3.1 to 3.6 with the
above value of the angle y taken as a reference.

The magnet-yoke assembly of the present inven-
tion will be described with reference to Fig. 3. Figure
3 is an exploded view of the components of the apparatus
of the invention shown in Fig. 1, showing that the
components are assembled following associated arrows.
The magnet-yoke assembly is constructed by adhesively
fixing two pairs of permanent'magnets 7A, 7B and 7C, 7D

to the yoke 6A, each pair of adjacent magnets having

L U
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different polarities, adhesively fixing two pairs of
permanent magnets 7E, 7F and 7G, 7H to the yoke 6B, each
pair of adjacent magnets also having different polari-
ties, and-then fixing the yokes 6A, 6B together by means
of an adhesive or screws into an integral unit. The
positions of the permanent magnets 7A to 7H on the yokes
6A and 6B are determined solely depending on the posi-
tions of the driving coils 5A, 5B. Since the yokes 6A,
6B each have a semicircular cutout or notch in its
central portion, the assembled unit can easily be
detached from and attached to the apparatus by removing a
cover 15 even in a condition that the carriage 3 and the
information recording disks 13 are installed in the
apparatus housing. Incidentally, the central angle
formed between rectilinear edges of each of the yokes 64,
6B extending from the iﬁner to outer periphery is set to
be smaller than 180 degrees so that the volumes of the
yokes are as large as possible to improve the character-
istics of the magnetic circuit.

The structure of the magnet-yoke assembly of
this embodiment will be described below in more detail
with reference to Fig. 4. As shown in Fig. 4, the two
pairs of permanent magnets 7A, 7B and 7C, 7D are arranged
such that each adjacent pair of maghéts have different
polarities and are adﬁesively fixed to the yoke 63,
whereas other two pairs of permanent magnets 7E, 7F and
7G, 7H are arranged such that each adjacent pair of

magnets have different polarities and are adhesively
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. the yoke 6B, as has previously been described.
ed tO

fix ,
etic field G acts upwardly on the right-hand

A magn

. dings, as viewed in Fig. 4, of the first driving coil
wlil

s5A while the magnetic field G acts downwardly on the

1eft-hand windings thereof. A magnetic field acts on

windings of the second driving coil 5B in similar direc-
tions. Under this condition,'when a current is supplied
to the driving coils 5A, 5B in a direction perpendicular
to the drawing sheet of Fig. 4, force F is generated in
directions indicated by arrows. When a current is
supplied in the opposite direction, a force is generated
in a reversed direction. These thrusts drive the
carriage to rotate.

A description will now be made of a magnet-yoke
assembly supporting mechanism for suppressing vibration
imparted to a structural member of the apparatus due to a
reaction force which is generated upon driving of the
carriage. The magnet-yoke assembly in its entirety is
supported independently of the base 12, as shown in Figqg.
1, by four sheet springs 8A to 8D arranged radially with
respect to the axis of the carriage pivot shaft 4 and the
reaction-force damping members 10A, 10B. Slits are
formed in the yoke 6A and the assembly-supporting members
9A, 9B. The sheet springs 8A to 8D are each fitted at
both ends into the corresponding slits and are ‘adhesively
fixed to the holding members 9A, 9B such that each sheet
spring extend perpendicularly to the base 12 and the axis

of the carriage pivot shaft 4 is positioned in a plane
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including the sheet springs. This arrangement AIToWS the
entire magnet-yoke assémbly to rotate infinitesimally
about the carriage pivot shaft 4. The yoke 6A is held
independently of the base 12, but the assembly-supporting
members 9A, 9B are fixed to the baée 12 by means of an
adhesive or screws or may alternatively be fabricated as
integral projections on the base 12. The yoke 6A and the
assembly-supporting.members 9A, 9B are bonded to each
other with plate-shaped reaction-force damping members
10A, 10B interposed respectively therebetween. The
damping members 10A, 10B are preferably made of silicon-
based gel or rubber materials.

With the construction described above, when the
head is driven, for example, in the direction indicated
by an arrow a in Fig. 1, the magnet-yoke assembly
supported by the sheet springs 8A to 8D and the reaction-
force damping members 10A, 10B is rotated infinitesimally
about the carriage pivot shaft 4 in the direcfion indi-
cated by an arrow b due to the reaction force caused by
carriage driving. The infinitesimal rotation of the
magnet-yoke assembly causes shearing forces to act .on the
reaction-force damping members 10A, 10B thereby absorbing
the vibration enexgy producedlwith the infinitesimal
rotation. As a result, the structural vibration due to
the reaction force caused by carriage driving can be
suppressed and hence vibration tending to impede head
positioning can be reduced. Ideally, if the inertial

moment of the entire magnet-yoke assembly, being
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subjected to the reaction force, about the carriage pivor
shaft is much greater than the inertial moment of all the
cotating members, including the carriage 3 on which the
nead 1 is mounted, about the carriage pivot shaft, the
vibration imparted to the structural member dqe to the
reaction force can be prevented. In this embodiment,
therefore, the yoke 6A is shaped to have a radial thick-
ness t, in its outer peripheral portion greater than an
axial thickness t, in its central portion, as shown in
Fig. 3, so that a larger part of the mass of the yoke 6A
is concentrated to the outer peripheral portion to
increase the total inertial moment of the magnet-yoke
assembly.

Additionally, to satisfy the standardized form
factor dimension, the assembly-supporting structure is
mounted in an empty space along an outer periphery of the
magnet-~yoke assembly. Furthermore, to reduce the thick-
ness of the supporting structure, the height of the |
supporting structure is set to fall within the distance h
(see Fig. 9) between the uppér end face of the magnet-
yoke assembly (i.e., the upper surface of the yoke 6B)
and the upper surface of the base 12.

An advantage of the above-described construc-
tion will be described below with reference to Fig. 5.
Figure 5 is a timing chart with the abscissa representing
time, in which (a) indicates a target angular velocity of

the carriage and (b) indicates an acceleration of base

vibration (in the carriage positioning direction) in the
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prior art apparatus. As will be seen in Fig. 5, there
occurs residual vibration caused by the structural vibra-
tion due to the reaction force even after the position-
ing, i.e., after the elapse of time t,. Also, (c)
indicates an.acceleration (in the carriage positioning
direction) of base vibration in the inventive apparatus.
Residual vibration is held small throughout the operation
time, including a period after the positioning, due to
the effect given by the non-reacting support structure of
the magnet-yoke assembly. Further, (d) indicates an
acceleration (in the radial direction) of carriage pivot
shaft vibration in the prior art apparatus. Because the
carriage rear end is driven by one driving coil in the
prior art apparatus, a translational excitation force is
generated on the carriage pivot shaft and lasts to
generate vibration even after the positioning. Finally,
(e) indicates an acceleration of carriage pivot shaft
vibration (in the radial direction) in the inventive
apparaﬁus. With the structure that the carriage is
driven by the two driving coils, vibrétion is held small
not only during the positioning but also after the
positioning.

The second embodiment of the present invention
will be described below with reference to Figs. 6 and 7.
In Figs. 6 and 7, the same reference numerals és those in
Figs. 1 to 3 denote the same or identical components as
or to those in the first embodiment. Between two pairs

of V-shaped grooves 21 formed in an outer peripheral
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surface of the yoke 6A and inner peripheral Surfaces—ef . ____;

assembly-supporting members 9C, 9D, four ball bearings 22
comprising balls 17A to 17H and races 16A to 16D are
mounted to support the entire magnet-yoke assembly,
including the yoke 6B, independently of the base 12 so
that the magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. Also, similarly
to the preceding embodiment, the reaction-force damping
members 10A, 10B are mounted respectively between the
outer peripheral surface of the yoke or the magnet-yoke
assembly and the inner peripheral surfaces of the
assembly-supporting members 9C, 9D. As will be seen from
Fig. 6, the ball bearings 22A to 22D and the reaction-
force damping members 10A, 10B are arranged in the
circumferential direction of the yoke 6A.

The mutunual positional relationship between the
components will be apparent from Fig. 7. In this embodi-
ment, a single sheet spring 8E is provided at a position
corresponding to the position of the sheet spring 8C in
the embodiment shown in Fig. 1. The sheet spring BE
extends perpendicularly to the base 12 and is arranged
radially of the axis of the carriage pivot shaft 4.

After the entire magnet-yoke assembly has been rotated
infinitesimally due to the reaction force caused by
carriage driving, the sheet spring BE functions to return
the entire magnet-yoke assembly to its neutral position.
With the addition of such a return mechanism, initial

positions of the magnet-yoke assembly and the driving
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coils will not be offset so as to generate stab&endrivhw'
force at all times, thereby ensuring precise positioning
of the head 1.

The third embodiment of the present invention
will be described below with reference to Figs. 8 to 12,
In Fig. 8, the same reference numerals as those in Figs,
1 to 3 denote the same or identical components. The
entire magnet-yoke assembly including the yoke 6B is
supported independently of the base 12 by a magnet-yoke
assembly supporting mechanism comprising éliding bearings
23A, 23B. Figure 9 shows a structure of one sliding
bearing 23A. A groove 6A-l1 is forﬁed in the outer
peripheral surface of the yoke 6A, and a projection 9F is
provided on an inner peripheral surface of a assembly-

Jporting member 9E and slidably engaged in the groove

6A-1. With such an arrangement, the entire magnet-yoke
assembly is supported independently of the base 12 so
that the magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. The assembly-
supporting member 9E is formed of, e.g., Teflon or any
other suitable material. The other assembly-supporting
member 9G is provided with a similar projection (not
shown) which is engaged in a groove 6A-2 formed in the
yoke 6A to thereby constitute the sliding bearing 23B.

Reaction-force damping members 10A, 10B are
mounted respectively between the magnet-yoke assembly and
the assembly-supporting members 9F, 9G. Each of the

reaction-force damping members may comprise two pieces

~
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mounted one on the upper or lower side of the projection

9F on the assembly-supporting member, as shown in Figqg.
10, or may be of a single rectangular piece having a slit
10C which slidably receives the projection 9F, as shown
in Fig. 11. Wwhile the grooves of the sliding bearings
are formed in the yoke 6A in this embodiment, the
embodiment may be modified such that a projection 6C is
provided on the outer peripheral surface of the yoke 6A
and a groove is formed in each of the assembly-supporting
members 9E, 9G so that the two members slidably engage
with each other. Further, this embodiment includes a
mechanism for returning the carriage to its neutral posi-
tion by the sheet spring 8E after an infinitesimal rota-
tion, as in the second embodiment.

The fourth embodiment of the present invention
will be described below with reference to Figs. 13 to 14.
In Fig. 13, the same reference numerals as those in Figs.
1 to 3 denote the same or identical components. In this
embodiment, the entire magnet-yoke assembly including the
yoke 6B is supported by two dashpot mechanisms 20 which
also provide a reaction-force damping effect. Further,
this embodiment includes the mechanism for returning the
carriage to its neutral position by the sheet spring 8E
after the infinitesimal rotation, as in the above embodi-
ments.

As shown in Fig. 14, the dashpot mechanisms 20
are each structured such that coaxially mounted on 'an

arcuate shaft 20A are two pistons 20B each provided with
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a plurality of through holes 20C parallel to tH&“¥HafLT
20A, to thereby construct an assembly, this piston-shaft
assembly is accommodated in an arcuate housing 20D having
a hole (cavitY) 20E adapted to slidably receive those
pistons, and both ends of the arcuate housing 20D are
covered by covers 20F. The arcuate housing 20D is fixed
to the outer peripheral surface of the magnet-yoke
assembly such that both ends of the shaft 20A project
outwardly through openings 20G in the covers 20F. The
projecting ends of the arcuate shaft 20A are fixed to the
base 12 through the assembly-supporting members 9C, 9D,
whereby the entire magnet-yoke assembly is supported
independently of tﬁe base 12 so that the magnet-yoke
assembly is infinitesimally rotatable about the carriage
pivot shaft 4. When the magnet-yoke assembly vibrates
infinitesimally in response to the reaction force caused
by carriage driving during the operation, air in the
arcuate housing 20D is forced to flow through the piston
holes 20C, thereby providing a reaction-force damping
effect. A simiiar advantage can also be obtained by fix-
ing the arcuate housing 20D to each of the assembly-
supporting members 9C, 9D and fixing both ends of the
arcuate shaft 20A to the outer peripheral surface of the
magnet-yoke assembly conversely to the above structure.
According to several embodiments described
above, the carriage is provided with two flat-type driv-
ing coils, the angle B formed between the center line of

the first driving coil and the carriage guide arm is set

—
{ THIS SHEET HAS BEEN
: RE T~‘L"CFD




This Sheet Has Been Replaced

NATAMRCR

e S e b

to be not larger than 90 degzees, the angle 8 formed
between the zespective ceanter lines of the first and
second driving coils is set to about 120 degrees, the
magnet-yoke assembly comprises two yokes sandwiching both
sides of the driving coils and permanent magnets, and
further the assembly-supperting mechanism is mounted
outwardly of the outer peripheral surface of the magnet-
yoke assembly and also arranged within the height from
the base surface to the upper end face o¢f the magnet-yoke
assembly. Therefore, the apparatus can be so reduced in
size and thickness that the apparatus falls within the
form factor dimensions standardized for small-sized
magnetic disk apparatus. Consequently, the present
invention can realize a positioning mechanism which
satisfies any of the standardized form factor dimensions
for small-sized magnetic disk apparatus, such as 1.3,
1.8", 2.5%, 3.5" and 5.25", and is less liable to be
subjected to vibration.

Also, since the carriage is rotatively driven
by forces close to a couple, a translational excitation
force acting on the carriage pivot shaft can be reduced.
Further, of the components of the carriage driving voice
coil motor, the magnet-yoke assembly comprising the yokes
and the permanent magnets is held by the magnet-yoke'
assembly supporting mechanism such that the magnet-yoke
assembly is independent of the base and is infini-
tesimally rotatable and is mounted on the base through

the reaction-force damping members. It is therefore
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possible to reduce structural vibration of thé;basewmdueh__m“
to a reaction-force which is generated in the opposite
direction to the driving force. As a result of the above
structure, the relative displacement of the head and disk
due to structural vibration can be prevented to assure a
high-speed and highly-accurate head positioning.

Further, since the yoke of the magnet-yoke
assembly is constructed to have a radial thickness in its
outer peripheral portion greater than an axial thickness
in its central portion, the inertial moment of the
magnet-yoke assembly subjected to the reaction force can
be much greater than the inertial moment of the rotating
members. As a result, the effect of canceling the
reaction force imparted to the base is enhanced so that
the relative positions of the head and the disk can be
more positively prevented from being changed by vibration
of the structural member, enabling a high-speed and
highly-accurate head positioning to be achieved.

Since the magnet-yoke assembly is provided in
its central portion with a semicircular.cutout for avoid-
ing interference with the carriage and has a cutout
defined by rectilinear edges extending from the center to
the outer peripheral portion.of the magnet-yoke assembly
with a central angle smaller than 180 degrees defined
between the edges and positioned to avoid interférence
with information recording disk, the entire magnet-yoke
assembly can be detached from the apparatus even in a

condition that the carriage and the information recordizt
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dis
resultant improved assembling efficiency.

Additionally, since the magnet-yoke assembly
capable of infinitesimally rotatable is provided with a
mechanism for returning the carriage to its neutral
position after the infinitesimal rotation, initial
positions of the magnet-yoke assembly and the driving
coils will not be offset to thereby generate stable
driving force at all times and enables a high-speed and
highly-accurate head positioning to be achieved.

In short, according to the present invention,
by prescribing positions of two driving coils, the
apparatus can be reduced in both size and thickness so
that the apparatus falls within any of the form factor
dimensions standardized for small-sized magnetic disk
apparatus. Also, vibration of a carriage supporting
system can be suppressed by driving the carriage with the -
two coils, and vibration of a structural member due to a
reaction force can be prevented by supporting the magnet-
yoke assembly in a reaction-force damping manner, making
it possible to position a head at a high speed and with
high accuracy. As a result, a high-speed and highly-
accurate rotary information iecording/reproducing
apparatus having a reduced size and'fhicknéss can be

achieved.
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1. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, and a
carriage driver for applying a torque to said carriage, a
carriage actuator including two driving coils fixed to
said carriage and a magnet-yoke assembly which comprises
permanent magnets and at least one yoke, said magnet-yoke
assembly and said driving coils being mounted substan-
tially on opposite sides of a carriage pivot shaft axis
and at a position just outward of a region where magnetic
flux leaking from said magnet-yoke assembly affects said
disk.

2. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying a torque to said carriage,
and a housing comprising a base and a cover to support
and accommodate said disk, said head, said carriage and
said carriage driver, a carriagé actuator including two
driving coils fixed to said carriage and a magnet-yoke
assembly which comprises permanent magnets and at least
one yoke, the arrangement being such that the angle

formed between a line connecting the center of the first
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driving coil and the center of a carriage pivo

another line connecting said head and the center of said
carriage pivot shaft is not larger than 90 degrees and
that the angle formed between the first and second driv-
ing coils about the center of said carriage pivot shaft
is within the range of from 100 degrees to 150 degrees.
3. A rotary information recording/reproducing
apparatus according to Claim 2, wherein the angle formed
between said first driving coil and said second driving
coil about the center of rotation of said carriage is
substantially 120 degrees.

4. A rotary information recording/reproducing
apparatus according to Claim 2, wherein the angle formed
between the line connecting the center of said first
driving coil and the center of said carriage pivot shaft
and the line connecting said head and the center of said
carriage pivot shaft is in the range of from 70 degrees
to 80 degrees.

5. A rotary information recording/reproducing
apparatus including at least one disk for recording
information, a carriage supporting a head to record/
reproduce information on or from said disk and being
positioned in the radial direction of said disk, a
carriage driver for applying a torqué to said carriage,
and a housing comprising a base and a cover to'support
and accommodate said disk, said head, said carriage and
said carriage driver, said carriage actuator including

two driving coils fixed to said carriage and a magnet-
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lease one yoke, the arrangement being such that the angle
'formed between a line connecting the center of the first
driving coil and the center of a carriage pivot shaft and
a line connecting said head and the center of said
carriage pivot shaft is not larger than 90 degrees and
that the angle formed between the center lines of the
first and secoﬁd driving coils about the center of said
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, said first and second driving coils being
flat in shape, means for supporting said magnet-yoké
assembly, said supporting means being mounted on one
surface of said base outwardly of an outer peripheral
surface of said magnet-yoke assembly, said magnet-yoke
assembly supporting means being arranged to be within the
dimension from said one surface of said base to an end
face of said magnet-yoke assembly spaced from said one
base surface.

6. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes at least three sheet
springs, two assembly-supporting members and reaction-
force damping members, said sheet springs being mounted
radiating out from said carriage pivét shaft between the
outer peripheral surface of said magnet-yoke assembly and
said assembly-supporting members such that each of said
sheet springs extends perpendicularly to said base and

the center of sald carrlage pivot shaft is positioned in
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a plane including the sheet spring, said assembdly
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supporting members being fixed to said base to support
said magnet-yoke assembly so as to be independent of said
base and infinitesimally rotatable, said reaction-force
damping members being plate-~shaped members each mounted
'between the outer peripheral surface of said magnet-yoke
assembly and an inner peripheral surface of one of said
assembly-supporting members.

7. A rotary information recording/reproducing
apparatus accoxrding to Claim 5, wherein said magnet-yoke
assembly supporting means includes a ball bearing, a
assembly~-supporting member, and a reaction-force damping
member, said ball bearing comprising a plurality of balls
and races mounted between V-shaped grooves formed respec-
tively in the outer peripheral surface of said magnet-
yoke assembly and an inner peripheral surface of said
assembly-supporting member, said assembly-supporting
member being fixed to said base to support said magnet-
yoke assembly so as to be independent of said base and
infinitesimally rotatable, said reaction-force damping
member being a plate-shaped member mounted between the
outer periéheral surface of said magnet-yoke assembly and
the inner peripheral surface of said assembly-supporting
member.

8. A rotary information recording/reproducing
~apparatus according to Claim 5, wherein said magnet~yoke
assembly supporting means includes a sliding bearing, a

assembly-supporting member and a reaction-force damping
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member, said sliding bearing comprising a groove formed

in the outer peripheral surface of said magnet-yoke
assembly and a projection formed on an inner peripheral
surface 6f said assembly-supporting member and slidably
engaged in said groove, said assembly-supporting member
being fixed to said base to support said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable, said reaction-force damping member
being a plate-shaped member mounted between the outer
peripheral surface of said magnet-yoke assembly and the
inner peripheral surface of said assembly-supporting
member.

9. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a sliding bearing, a
assembly-supporting member and a reaction-force damping
member, said sliding bearing comprising a projection
formed on the outer peripheral surface of said magnet-
yoke assembly and a groove formed in an inner peripheral
surface of said assembly-supporting member and slidably
engaged with said projection, said assembly-supporting
member being fixed to said base for supporting said
magnet-yoke assembly so as to be independent of said base
and infinitesimally rotatable, said reaction-force damp-
ing member being a plate-shaped member mounted bétween
the outer peripheral surface of said magnet-yoke assembly
and the inner peripheral surface of said assembly-
supporting member.

L R

1 :{i D} AC‘LD




is Sheet Has Been Replaced

T |t

- 37 -

10. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a
plurality of through holes pérallel to said arcuate shaft
and fixed thereto, and an arcuate housing having formed
therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both open ends of said cavity, said arcuate
housing being fixed to the outer peripheral surface of
said magnet-yoke assembly, both ends of said arcuate
shaft being supported by said assembly-supporting member,
said assembly-supporting member being fixed to said base
for supporting said magnet-yoke assembly so as to be
independent of said base and infinitesimally rotatable
via said dashpot mechanism.

11. A rotary information recording/reproducing
apparatus according to Claim 5, wherein said magnet-yoke
assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a

plurallty of through holes parallel to said arcuate shaft
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therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both'open ends of said cavity, said arcuate
housihg being fixed to said assembly-supporting member,
both ends of said arcuate shaft being supported by said
magnet-yoke assembly, said assembly-supporting membexr
being fixed to said base for supporting said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable via said dashpot mechanism.

12, A rotary information recording/reproducing
apparatus according to any one of Claims 5 to 11, wherein
the yoke of said magnet-yoke assembly includes an outer
peripheral portion and an inner portion lying inwardly of
said outer peripheral portion, a radial thickness of said
outer peripheral portion being greater than an axial
thickness of said inner portion.

13. A rotary information regording/reproducing
apparatus according to any one of Claims 5 to 12, wherein
the yoke of said magnet-yoke assembly has a generally
semicircular shape provided with a central opening for
said carriage and with a cutout formed in continuity with
said opening and having diverging edges extending
substantially parallel to an outer peripheral edge of
said disk, a central angle formed between the diverging
edges of said cutout being smaller than 180 degrees.

14. A rotary information recording/reproducing

I g
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apparatus according to any one of Claims 7 to 13, wherein
at least one sheet spring is mounted between the outer
peripheral surface of said magnet-yoke assembly and said
assembly-supporting member, said sheet spring being fixed
to said magnet-yoke assembly and said assembly-supporting
member such that said sheet spring extends substantially
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including
said sheet spring, whereby said magnet-yoke assembly is
returned to its neutral position after infinitesimal
rotation.

15. A rotary information recording/reproducing
apparatus according to any one of Claims 5 to 14, wherein
the yoke and the permanent magnet of said magnet-yoke
assembly are so structured as to be detachable.from said
apparatus in a condition that said yoke and said perma-

nent magnet are assembled into an integral unit.

16. A rotary information recording/reproducing
apparatus constructed and arranged substantially as
hereinbefore described, with reference to the accompanying

drawings.
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ABSTRACT
ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS

A rotary information recording/reproducing apparatus has
a carriage rotatable by the first and second driving coils about
a pivot shaft for head positioning. The configuration of the
driving coils and the carriage guide arm reduces the apparatus
size and vibration. A magnet-yoke assembly is mounted to a base
by sheet springs and reaction-force damping membe:s interposed
therebetween so that the magnet-yoke assembly is independent from
and infinitesimally rotatable relative to the base. High-speed
and highly-accurate head positioning is achieved.by'employing two
driving coils and a reaction-force damping mechanism which
attenuate excitation of the carriage pivot system and disk

spindle.

FIGURE 1.
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ROTAKY INFORMATION RECORDING/REPRODUCING APPARATUS

The present invention relates to a rotary
information recording/reproducing apparatus for turning
and positioning a head to a predetermined point on an
information recording disk and, more particularly, to a
rotafy information recording/reproducing apparatus which
has a smaller size and can position a head at a high

speed and with high accuracy.

A prior art magnetic disk apparatus will be
described, taking U.S. Patent No. 5,027,242 as an
example. Information recording disks arranged one above
another are driven to rotate at a constant speed by a
disk rotating motor fixed to a base. Heads are supported
by carriage guide arms through head suspensions in such a
manner that each head is floated with a small gap held
relative to an associated disk for recording/reproducing
information. High-speed and highly accurate positioning
of the head is performed by rotatively driving the
carriage with a voice coil motor. fhe carriage is
mounted and supported through ball bearings on and by a
pivot shaft fixed to the base such that the carriage can
rotate about the pivot shaft. The voice coil motor

comprises a voice coil, permanent magnets and a yoke. Of
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these components, the voice coil is attached tlo-the-
carriage, whereas the permanent magnets and the yoke
(both serving as parts of a magnet-yoke assembly) are
fixed to the base. Since the voice coil surrounded by
the magnet-yoke assembly in sandwiched relation is under
the action of a magnetic field, the carriage is
rotatively driven when the voice coil is supplied with
electric power.

However, when a driving force is generated in
the voice coil with the supply of electric power to the
voice coil, a resultant reaction force acts on the
magnet-yoke assembly of the voice coil motor to vibrate
-the base, thereby causiﬁg vibration excitation of the
disk. Also, with the generation of the driving force in
the voice coil, translational excitation force acts on
the carriage pivot shaft at the same time, thereby

vibrating a carriage supporting system. A resultant

vibration force acts on the disk driving motor to vibrate

it, and hence the disk is further vibrated.

In view of the abd&e problems, the prior art
disclosed in Japanese Unexamination Patent Publication
No. 1-222647 and U.S. Patent No. 4,620,252, for example,
has been proposed. The prior art apparatus includes two
flat type driving coils attached to a carriage on
opposite sides of the carriage pivot shaft axis. Two
sets of magnet-yoke assembly are arranged in non-contact

relation to the driving coils for rotating the carriage

by a couple. This arrangement is intended to prevent the
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translational excitation force from acting on t

carriage pivot shaft and to reduce vibration of a
structural member caused by the carriage motion.

According to the prior art disclosed in the
above-cited Japanese Unexamination Patent Publication No.
1-222647 and U.S. Patent No. 4,620,252, however, an
information recording.disk having a sufficiently large
outer diameter cannot be accommodated in a housing of the
apparatus, making it difficult to provide the apparatus
with a large capacity. Specifically, because the two
driving coils are attached to the carriage in opposite
relation with respect to the axis of the carriage pivot
shaft and the magnet-yoke assemblies are arranged around
the driving coils, the axis-to-axis distance between the
carriage pivot shaft and a disk rotating shaft or spindle
muét be set to be greater than required in other conven-
ticnal apparatﬁé using one driving coil, in order to
avoid interference between the carriage and the disk. If
a disk-having a conventional large outer diameter is
installed in the apparatus housing, the size of the appa-
ratus must be increased in the longitudinal direction
thereof.

Further, in order to satisfy form factor dimen-
sions such as 1.3, 1.8, 2.5, 3.5 or 5.25 inches which are
standardized for small-sized magnetic disk apparatus, the
disk size must be reduced to such an extent as not
departing from the apparétus dimension in the longi-

tudinal direction. This leads to a reduction in storage
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capacity of the apparatus. In addition, the greater axis-to-
axis distance as discussed above enlarges the size of a
carriage guide arm, resulting in the increased inertial
moment of rotating members. This requires a longer access
time and, if the output of a carriage driving motor is
increased as measures for avoiding such a drawback, the
apparatus size would be necessarily enlarged. Thus, it has
been difficult to realise a mechanism which can maintain the
apparatus within the standardised form factor dimension, to
suppress vibration imparted to a disk via a base or carriage
to the extent possible, and to position the head at a high
speed and with high accuracy.

According to a first aspect of the present invention
there is provided a rotary information recording/reproducing
;pparatus including:

at least one disk for recording information;

a carriage supporting a head to record/reproduce
information on or from said disk and being rotatable in a
substantially radial direction of said disk to position said
head relative to said disk: |

a carriage actuator for applying torque to said
carriage; and

a housing comprising a base and a cover to support and
accommodate said disk, said head, said carriage and said
carriage actuator;

said carriage actuator including first and s;cond flat

driving coils fixed to said carriage, a magnet-yoke assembly
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which comprises permanent magnets and at least one yoke, and
means for supporting said magnet-ycke assembly;

said magnet-yoke assembly supporting means being
mounted on a surface of said base outwardly of an outer
peripheral surface of said magnet-yoke assembly, said
suppérting means being arranged to be within a distance
between said one surface of said base and an end face of said
magnet-yoke assembly spaced from said one base sﬁrface;

said carriage being disposed such that a center line of
said carriage extending at a center of a height of said
carriage and in parallel with said disk is positioned within
a height of said magnet-yoke assembly.

Because the two driving coils are flat in shape and the
magnet-yoke assembly supporting means is mounted outwardly of
the outer peripheral surface of the magnet-ycke assembly and
is arranged to fall within the height from the base surface
to the upper end face of the magnet-yoke assemgly, the
éhickness of the apparatus can advantageously be reduced.

The present invention may realise a reduction in both
apparatus size and thicknesé and, heﬁce, to provide a rotary
information recording/reproducing ﬁpparatus which is within

the standardised form factor dimension.
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The present invention may provide a high-performance
rotary information recording/reproducing apparatus equipped

with a low-vibration head
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positioning mechanism in which an information recording

disk is prevented from vibrating due to a reaction force

generated with driving of a carriage, and a translational

excitation force acting on a carriage pivot shaft upon

generation of a carriage torque is reduced to the extent

possible.
In a preferred embodiment of the present

invention, said magnet-yoke assembly supporting means
includes at least three sheet springs, two assembly-
supporting members and reaction-force damping members,
said sheet springs being mounted radiating out from said
carriage pivot shaft between the outer peripheral.surface
of said magnet-yoke assembly and said assembly-supporting
members such that each of said sheet springs extends
perpendicularly to said base and the center of said
carriage pivot shaft is positioned in a plane including.
the sheet spring, said assembly-supporting members being
mounted to said base to support said magnet-yoke assembly
so as to be independent of said base and infinitesimally
rotatabie, said reaction-force damping members being
piate-shaped members each mounted between the ocuter
peripheral surface of said magnet-yoke assembly and an
inner péripheral surface of one of said assembly-

supporting members.
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Alternatively, the sheet springs may be
replaced with ball bearings or sliding bearings. The
magnet-yoke assembly supporting means may comprise a
dashpot mechanism provided on the outer peripheral
surface of the magnet-yoke assembly and a assembly-
supporting member for supporting the dashpot mechanism.

Preferably, the yoke of the magnet-yoke
assembly may include an outer peripheral portion and an
inner portion lying inwardly of the outer peripheral
portion, a radial thickness of the outer peripheral
portion being greater than an axial thickness of the
inner portioh. Also preferably, the yoke of said magnet-
yoke assembly has a generally semicircular shape provided

with central opening for said carriage and with a cutout

formed in continuity with said opening and having diverg-

ing edges extending substantially parallel to an outer
peripheral edge of said disk, a central angle formed
between the diverging edges of said cutout being smaller
than 180 degrees.

Further preferablf, at least one sheet spring
is mounted between the outer peripheral surface of said
magnet-yoke assembly and said assembly-supporting member,
said sheet spring being fixed to said magnet-yoke
assembly and said assembly-supporﬁing member such that
said sheet spring extends substantially perpendicularly
to said base and the center of said carriage pivot shaft
is positioned in a plane including said sheet spring,

whereby said magnet-yoke assembly is returned to its
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neutral position after infinitesimal rotation. é

In the preferred embodiments, the

magnet-yoke assembly is suspended and the driving coils
are mounted at a position just outwardly of a region
where magnetic flux leaking from the magnet-yoke assembly
affects the disk, the axis-to-axis distance between the
disk rotating shaft or spindle and the carriage pivot
shaft can be reduced while magnetic recording on the disk
is kept in a high-accurate state. Therefore, it is also
possible to reduce the distance bétween the head and the
center of the carriage pivot sﬁaft, the distance between
the center of the carriage pivot shaft and an end face of
the apparatus, and further the apparatus size. In addi-
tion, since carriage guide arms can be shortened, the
inertial moment of the carriage is eventually reduced,
resulting in a higher-speed positioning of the head.

&n addition, because
the angle formed'ﬁetween a line connecting the centef of
the first driving coil and the center of the carriage
éivot shaft and another line connecting the head and the
center of the pivot shaft is not larger than 90 degrees,
and the angle formed between the center lines of the
first and second'driving coils about the center of
carriage pivot shaft is in the range of from 100 degrees
to 150 degrees, the magnet-~yoke assembly surrounding the
two driving coils in sandwiched relation can be prevented
from interfering with the disk. Also, since the axis-to-

axis distance between the spindle and the carriage is



reduced, the carriage guide arm can be shortened and the
inertial moment of the carriage can be reduced corre-
spondingly. Further, since the two driving coils are
mounted around the carriage pivot shaft in angularly
spaced relation in the circumferential direction of the
shaft axis, the carriage can be rotatively driven by a
force substantially close to a couple so that a trans-
lational excitation force acting on the carriage pivot
shaft is reduced during the operation. It is to be noted
that, when the two driving coils are so mounted as to be
spaced 120 degrees, the translational excitation force
acting on the carriage pivot shaft can be reduced to a
half that produced in the prior art apparatus, and when
spaced 150 degreés, it can be reduced to a gquarter. This
enables the apparatus size to be reduced within any of
the standardized form factor dimensions and is also
advantageous in respect of high-speed positioning of the
head. Additionally, components of the carriage actuator
are assembled into an integral unit. The magnet-yoke
assembly can be attached to and detached from the
apparatus as one unit, resultiﬁg in an improvement in-

assembling efficiency.
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In the preferred embodiment$,6 since the magnet-

yoke assembly supporting means includes sheet springs,
assembly-supporting members and reaction-force damping
members, the magnet-yoke assembly is suspended by the
supporting means so as to be independent of the base and
infinitesimally rotatable and is also supported through a
damping structure comprising the reaction-force damping
members. Therefore, the structural vibration of the
base, due to a reaction-force which is generated in the
opposite direction to the driving force can be reduced.
As a result, the relative displacement of the head and
@isk_due to structural vibration can be prevented,
thereby achieving a high-speed and highly-accurate head
positioning. A similar advantage can also be obtained by
‘'using ball bearings or sliding bearings instead of the
sheet springs, or by employing a combination of dashpot
mechanism and assembly-supporting member to construct the
magnet-yoke assembly supporting means.

Further, when the yoke of the magnet-yoke
assembly is constructed such that the radial thickness of
its outer peripheral portion is greater than the axial
thickness of its inner pcr;ion, a structure is realized
in which the inertial moment of the magnet-yoke assembly
subjected to the reaction force is much greater than the
inertial moment of the rotating members. As a result,

the effect of canceling the reaction force imparted to
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the base is enhanced so that the head and the diSK ¢&n b€
more positively prevented from being shifted in by vibra-
tion of the structural member, thereby achieving a high-
speed and highly-accurate head positioning. Also, when
the magnet-yoke assembly is provided with a semicircular
opening in its central portion and with a cutout defined
by rectilinear edges extending from the center to the
outer periphery thereof with a central angle between the
edges being not larger than 180 degrees, thé entire
magnet-yoke assembly can be attached ta and detached from
the apparatus even in a condition that the carriage and
the disk are kept assembled on the apparatus, with a
iesultant improvement in the assembling efficiency.

Additionally, when the outer peripheral portion
of the magnet-yoke assembly and the assembly-supporting
member is coupled to each_other by at least one sheet
spring, a mechanism for returning the magnet-yoke
assembly to its neutral position after infinitesimal
;otatién can be provided to prevent the magnet-yoke
assembly and the driving coils from being offset from
their initial positions, so as to generate stable driving
force at all times, thereby achieving a high-speed and
highly~accurate head positioning.

The above and other
advantages of the present invention will be more apparent
from the following description made merely by way of example

with reference to the accompanying drawings.
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Figure 1 is a schematic illustration of an
entire structure of the first embodiment of a rotary
information recording/reproducing apparatus according to

the present invention;

Figure 2 is a graph showing fhe relationship
between a twin-coil separation angle and a translational
excitation force acting on a carriage pivot shaft, and
the range in which the standardized form factor dimension
is satisfied;

Figure 3 is an .exploded view showing various
components of the embodiment shown in Fig. 1 and the
- mutual positional relationship between these components
in an assembled state;

Figure 4 is a sectional view of a carriage
actuator taken along line IV - IV in Fig. 1;

Figure 5 is a timing chart showing an advantage
of the present invention;

Figure 6 is a schematic illustration similar to
Fig. 1, but showing the second embodiment of the present
invention;

figure 7 is an‘exploded view showing various
components of the embodiment shown in Fig. 6 and the
mutual positional relationship between these componenté
in an assembled state; |

Figure 8 is a schematic illustration similar to
each of Figs. 1 and 6, but showing the third embodiment

of the present invention;
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Figure 9 is a sectional view taken along line
IX - IX in Fig. 8;

Figure 10 is a perspective view of a reaction-
force damping member for use in the embodiment shown in
Fig. 8;

Figure 11 is a perspective view of a modifica-
tion of the reaction-force damping member shown in Fig.
10;

Figure 12 is a sectional view of a modification
of the embodiment shown in Fig. 9;

Figure 13 is a schematic illustration of an
entire structure of the fourth embodiment of the present
. invention; and

Figure 14 is an exploded view shéwihg various.
components of a dashpot mechanism for use in the.embodi-
ment sﬁown in Fig. 13 and the mutual positional relation-

ship between these components in an assembled state.

Referring to Fig. i, a plprality of informaﬁion
recording disks 13 arranged one above another in a direc-
tion normal to the drawing sheet of Fig. 1 are rotatively
driven by a disk rotating motor 14 fixed to a base 12. A
head 1 used to record/reproduce information is secured to
a carriage 3 through a head suspension 2. Two ball bear-
ings 11 are mounted on a pivot shaft 4 which is fixed to
the base. 12. The carriage 3 is rotatable about the axis

of the pivot shaft 4. The cafriage 3 is fixed to outer



- 15 =

races of the ball bearings so as to be rotatable about
the carriage pivot shaft 4. A voice coil motor
constituted by a magnet-yoke assembly, comprising yokes
and permanent magnets, and driving coils rotates the
carriage 3 for positioning the head to a predetermined
point on an associated disk 13 to thereby record or
reproduce information.

In this first embodiment, the carriage 3 is
provided with two driving coils 5A, 5B, and yckes 6A, 6B
(Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are
mounted so as to sandwich the driving coils in the
direction normal to the drawing sheet.

In a prior art apparatus, the carriage 3 is
provided with only one driving coil. This driving cqil
is mounted such that the center of the driving coil is
posiﬁioned on an extension of the line connecting the
head 1 and the carriage pivot shaft 4. To describe the
arrangement with reference to Fig. 1, such a single
driving coil is mounted at a point which is slightly
angulariy shifted from the second driving coil SB toward
the first driving coil 5A. 1In this arrangement, when
electric power is supplied to the driving coil under the
action of a magnetic field, a driving force is generated
in the driving éoil tb push an end of the carriage so
that a torque is exerted to rotate the carriage about the
pivot shaft. As a result, the head can be moved to a
predeterﬁined position on the information recording disk.

However, because the driving force concomitantly produces
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a translational excitation force acting on the carriage
pivot shaft, a carriage support system is excited to
céuse vibration which impedes head positioning. '

The above drawback can be avoided by arranging
two driving coils (twin coils) in opposite relation with
respect to the carriage pivot shaft such that a twin-coil
separation angle 6, shown in Fig. 1, is set to be 180
degrees. With such an arrangement, only a torque is
exerted on the carriage and hence no translational
excitation force is generated to act on the carriage
pivot shaft. However, because magnet-yoke assembly which
surround the driving coils would interfere with a disk,
the axis-to-axis distance L, betweeﬁ the disk rotating
shaft or spindle and the carriage pivot shaft must be set
to be greater than in the conventional apparatus using
one driving coil. Although the distance L, between the
center of the carriage pivot shaft and the end face of
the apparatus is reduced to some extent, the distance I,
is increased and, eventually, the apparatus size L in the
longitudinal direction cannot be reduced. Also, the
greater distance I, necessarily entails a longer distance
between the head and the center of the carriage pivot
shaft. As a result, the increased inertial moment of the
carriage 3 gives rise to an obstacle against high-speed
head positioning.

In this embodiment, for achieving a further
reduction in size of small-sized magnetic disk apparatus

within the standardized form factor dimension and
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suppressing a translational excitation force geAEEEEé&“““
during operation and acting on the carriage pivot shaft,
the angle B defined between a line connecting the head 1
and the center of the carriage pivot shaft 4 and the
center line of the first driving coil 5A is set to be not
larger than the right angle (90 degrees), and the twin-
coil separation angle 8 is set to be about 120 degrees.
Additionally, the magnet-yoke assembly comprising the
yokes and the permanent magnets is connected to assembly-
supporting members 9A, 9B by assembly-supporting sheet
springs 8aA, 8B, 8C, 8D, etc., and reaction-force damping
members 10A, 10B are mounted between the yokes and the
assembly-supporting members.

An advantage of the above-described structure
will be described below with reference to Fig. 2. 1In the
graph of Fig. 2, the abscissa represents the twin-coil
separaﬁion angle 8, and the ordinate represents the
translational excitation force acting on the carriage
pivot shaft with one produced in the prior art apparatus
taken as a reference. In the prior art apparatus, a .
single driving coil has two surfaces each being under the
action of a magnetic field to generate a dri&ing force,

" and the angle « (see Fig. 1) defineq 5etween the lengths
of the two surfaces is about 45 degrees. Assuming that
the translational excitation force acting on the carriage
pivot shaft during the operation of the prior art
apparatus is 1.0, as the twin-coil separation angle 6

increases, the translational excitation force acting on
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the carriage pivot shaft is reduced and becomes zero at @
of 180 degrees, i.e., when the carriage is driven by the
ideal couple.

In the range of the angle 8 denoted by A in
Fig. 2, however, the apparatus size excéeds the stand-
ardized form factor dimension for the above—deécribed
reason that the distance L, is increased. The voice coil
motor can be constructed without increasing the axis-to-
axis distance L; between the spindle and the carriage
pivot shaft in the range denoted by B, but if the range B
is exceeded by the angle 6, the axis-to-axis distance I,
must be increased because of interference between the
disk and the carriage. As a result, a carriage guide arm
must be made longer, which increases the inertial moment
of the carriage and hence impedes high-speed head
positioning. In the range denoted by C, the axis-to-axis
distance L; is not required to be increased, but the voice
coil motor and the disk are so close to each other, so
fhat fhe magnetic flux leaking from the magnet-yoke
assembly affecté the disk. Further, in the range denoted
by D, the magnet-yoke assembly which has been assembled
into a unit can be mounted after the carriage is
installed. Thus, the assembling efficiency is improved
if the apparatus is constructed with the angle 6 set to
be within the range D. However, the translational
excitation force acting on the carriage pivot shaft would
be increased unless the twin-coil separation angle 6 is

set to be as large as possible.
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Taking into account the gonditions discussed
above, the range denoted by E is an advantageous range
for practical use. In other words, the twin-coil separa-
tion angle 6 may preferably be in the range from 100 to
150 degrees. The translational excitation force acting
on the carriage pivot shaft is reduced to a half of that
generated in the prior art apparatus at the angle 8 of
120 degrees, and to a quarter at 6 of 150 degrees.

' Considering the twin-coil separation angle 6 from the
viewpoint of a geometrical positional relationship
between components of the apparatus, if the angular range
in which the carriage 3 shown in Fig. 1 can be rotated
radially of the disk is defined as angle y, the ratio of
6/y is in the range of from 4.5 to 6.8 since y is about
22 degrees. Also, since the angle f formed between the
line connecting the head 1 and the center of the carriage
pivot shaft 4 and the center line of the first driving
cozl SA is in the range of from 70 to 80 degrees, the
ratio of B/y is in the range of from 3.1 to 3.6 with the
above value of the angle y taken as a reference.

_ The magnet-yoke assembly of the present inven-
tion will be described with reference to Fig. 3. Figure
3 is an exploded view of the components of the apparatus
of the invention shoﬁn in Fig. 1, ;howing that the
components are assembled following associated arrows.

The magnet-yoke assembly is constructed by adhesively
fixing two pairs of permanent magnets 7A, 7B and 7C, 7D

to the yoke 6A, each pair of adjacent magnets having
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different polarities, adhesively fixing two pairs—ef-
permanent magnets 7E, 7F and 7G, 7H to the yoke 6B, each
pair of adjacent magnets also having different polari-
ties, and then fixing the yokes 6A, 6B together by means
of an adhesive or screws into an integral unit. The
positions of the permanent magnets 7A to 7H on the yokes
6A and 6B are determined solely depending on the posi-
tions of the driving coils 5A, 5B. Since the yokes 6A,
6B- each have a semicircular cutout or notch in its
central portion, the assembled unit can easily be
detached from and attached to the apparatus by removing a

cover 15 even in a condition that the carriage 3 and the

--information recording disks 13 are installed in the

apparatus housing. Incideﬁtally, the central angle
formed between rectilinear edges of each of the yokes 63,
6B extending from the inner to outer periphery is set to
be smaller than 180 degrees so that the volumes of the
yokes are as large as possible to improve the character-
istics- of the magnetic circuit.

The structure of ﬁhe magnet-ycke assembly of
this embodiment will be described below in more detail
with reference to Fig. 4. As shown in Fig. 4, the two
pairs of permanent magnets 7A, 7B and 7C, 7D are arranged
such that each adjacent pair of mégnets have different
polarities and are adhesively fixed to the yoke 6A,
whereas other two pairs of permanent magnets 7E, 7F and
7G, 7H are arraﬂged such that each adjacent pair of

magnets have different polarities and are adhesively
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fixed to the yoke 6B, as has previously been déscribeé.
A magnetic field G acts upwardly on the right-hand
windings, as viewed in Fig. 4, of the first driving coil
5A while the magnetic field G acts downwardly on the
left-hand windings thereof. A magnetic field acts-on
windings of the second driving coil 5B in similar direc-
tions. Under this condition, when a current is supplied
to the driving coils 5A, 5B in a direction perpendicular
to the drawing sheet of Fig. 4, force F is generated in
directions indicated by arrows. .When a current is
supplied in the opposite direction, a force is generated
in a reversed direction. Thesé thrusts drive the
carriage to rotate.

A description will now be made of a magnet-yoke
assembly supporting mechanism for suppressing vibration
imparted to a structural member of the apparatus due to a
reaction force which'is generated upon driving of the
carriage. The magnet-yoke assembly in its entirety is
supported independently of the base 12, as shown in Fig.
1, by four sheet springs 8A to 8D arranged radially with
respect to the axis of the carriage pivot shaft 4 and the
reaction-force damping members 10A, 10B. Slits are
formed in the yoke 6A and the assembly-supporting members
9A, 9B. The shéet springs 8A to 8D are each fitted at
both ends into the corresponding slits and are adhesively
fixed to the holding members 9A, 9B such that each sheet
spring extend pefpendicularly to the base 12 and the axis

of the carriage pivot shaft 4 is positioned in a plane
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entire magnet-yoke assembly to rotate infinitesimally
about the carriage pivot shaft 4. The yoke 6A is held
independently of the base 12, but the assembly-supporting
members 9A, 9B are fixed to the base 12 by means of an
adhesive or screws or may alternatively be fabricated as
integral projections on the base 12. The yoke 6A and the
assembly-supporting members 9A, 9B are bonded to each
other with plate-shaped reaction-force damping members
10A, 10B interposed respectively therebetween. The
damping members 10A, 10B are preferably made of silicon-
based gel or rubber materials.

With the construction described above, when the
head is driven, for example, in the direction indicated
by an arrow a in Fig. 1, the magnet-yoke assembly
supported by the sheet springs 8A to 8D and the reaction-
force damping members 10A, 10B is rotated infinitesimally
about the carriage pivot shaft 4 in the direction indi-
cated by an arrow b due to the reaction force caused by
carriage actuation. The infinitesimal rotation of the
magnet-yoke assembly causes shearing forces to act on the
reaction-force damping members 10A, 10B thereby absorbing
the vibration energy produced with the infinitesimal
rotation. As a result, the struciural vibration due to
the reaction force caused by carriage actuation can be
suppressed and hence vibration ténding to impede head
positioning can be reduced. 1Ideally, if the inertial

moment of the entire magnet-yoke assembly, being
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subjected to the reaction force, about the carriage pivot
shaft is much greater than the inertial moment of all the
rotating members, including the carriage 3 on which the
head 1 is mounted, about the carriage pivot shaft, the
vibration imparted to the structural member due to the
reaction force can be prévented. In this embodiment,
therefore, the yoke 6A is shaped to have a radial thick-
ness t, in its outer peripheral portion greater than an
axial thickness t; in its central portion, as shown in
Fig. 3, so that a larger part of the mass of the yoke 6A
is concentrated to the outer peripheral portion to
increase the total inertial moment of the magnet~yoke
assembly.

Additionally, to satisfy the standardized form
factor dimension, the assembly-supporting structure is
mounted in an empty space along an outer periphery of the
magnet;yoke assembly. Furthermore, to reduce the thick-
ness of the supporting structure, the height of the
supporting structure is set to fall within the distance h
(see Fig. 9) Setween the upper end face of the magnet-
yoke assembly (i.e., the upper surface of the yoke 6B)
and the upper surface of the base 12.

An advantagg of the abo#é—described construc-
tion will be described below with reference to Fig. 5.
Figure 5 is a timing chart with the abscissa representing
time; in which (a) indicates a target angular velocity of
the carriage and (b) indicates an acceleration of base

vibration (in the carriage positioning direction) in the
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prior art apparatus. As will be seen in Fig. Sr“there—.
occurs residual vibration caused by the structural vibra-~
tion due to the reaction force even after the position-
ing, i.e., after the elapse of time t,. Also, (c)
indicates an acceleration (in the carriage positioning
direction) of base vibration in the inventive épparatus.
Residual vibration is held small throughout the operation
time, including a period after the positioning, due to
the effect given by the non-reacting support structure of
the magnet-yoke assembly. Further, (d) indicates an
acceleration (in the radial direction) of carriage pivot
shaft vibration in the prior art apparatus. Because the
carriage rear end is driven by.one drivin§ coil in the
prior art apparatus, a translational excitation force is
generated on the carriage pivot shaft and lasts to
generate vibration even after the positioning; Finally,
(e) indicates an acceleration of carriage pivot shaft
vibration (in the radial direction) in the inventive
.apparatus. With the structure that the carriage is
driven by the tﬁo driving coils, vibration is held sma;l
not only during the positioning but also after the
positioning.

The second embodiment of the present invention
will be described below with reference to Figs. 6 and 7.
In Figs. 6 and 7, the same reference numerals as those in
Figs. 1 to 3 denote the same or identical components as
or to those in the first embodiment. Between two pairs

of V-shaped grooves 21 formed in an outer peripheral
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surface of the yoke 6A and inner peripheral surfaces-of
assembly-supporting members 9C, 9D, four ball bearings 22
comprising balls 17A to 17H and races 1l6A to 16D are
mounted to support the entire magnet-yoke assembly,
including the yoke 6B, independently of the base 12 so
that ﬁhe magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. Also, similarly
to the preceding embodiment, the reaction-force damping
members 10A, 10B are mounted respectively between the
outer peripheral surface of the yoke or the magnet-yoke
assembly and the inner peripheral surfaces of the
assembly-supporting members 9C, 9D. As will be seen from
Fig. 6, the ball bearings 22A to 22D and the reaction-
force damping members 10A, 10B are arranged in the
circumferential direction of the yoke 6A.

The mutual positionai relationship between the
components will be apparent from Fig. 7. In this embodi-
ment, a single sheet spring 8E is provided at a position
corresponding to the position of the sheet spring 8C in
the embodiment shown in Fig. 1. The sheet spring 8E
extends perpendicularly to the base 12 and is arranged
radially of the axis of ‘the carriage pivot shaft 4.

After the entire magnet-yoke assembly has beeh rotated
infinitesimally due to the reaction force caused by
carriage driving, the sheet spring 8E functions to return
the entire magnet-yoke assembly to its neutral position.
With the addition of such a return mechanism, initial

positions of the magnet-yoke assembly and the driving
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coils will not be offset so as to generate stable driving
force at all times, thereby ensuring precise positioning
of the head 1.

The third embodiment of the present invention
will be described below with reference to Figs. 8 to 12.
In Fig. 8, the same reference numerals as those in Figs.
1 to 3 denote the same or identical components. The
entire magnet-yoke assembly including the yoke 6B is
supported independently of the base 12 by a magnet-yoke
assembly supporting mechanism comprising sliding bearings
23A, 23B. Figure 9 shows a structure of oﬁe sliding
bearing 23A. A groove 6A-1 is formed in the outer
peripheral surface of the yoke 6A, and a projection SF is
provided on an inner peripheral surface of a assembly-
supporting member 9E and slidably engaged in the groove
6A-1. With such an arrangement, the entire magnet-yoke
assembly is supported independently of the base 12 so
that the magnet-yoke assembly is infinitesimally rotat-
able about the carriage pivot shaft 4. The assembly-
supporting member 9E is forﬁed of, e.g., Teflon or any
other suitable material. The other assembly-supporting
member 9G is provided with a similar projection (not
shown) which is engaged in a groove 6A-2 formed in the
yoke 6A to thereby constitute the sliding bearing 23B.

Reaction-force damping members 10A, 1l0B are
mounted respectively between the magnet-yoke assembly and
the assembly-supporting members 9F, 9G. Each of the

reaction-force damping members may comprise two pieces
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mounted one on the upper or lower side of the ;;SEEEEIBE““*“-~J
9F on the assembly-supporting member, as shown in Fig.

10, or may be of a single rectangular piece having a slit
10C which slidably receives the projection SF, as shown
in Fig. 11. . While the grooves of the sliding bearings
are formed in the yoke 6A in this embodiment, the
embodiment may be modified such that a projection 6C is
provided on the outer peripheral surface of the yoke 6A
and a groove is formed in each of the assembly-supporting
members 9E, 9G so that the two members slidably engage
with each other. Further, this embodiment includes a
mechanism for returning the carriage to its neutral posi-
.tion by the sheet spring 8E after an infinitesimal rota-
tion, as in the second embodiment.

The fourth embodiment of the present invention
will be described below with reference to Figs. 13 to 14.
In Fig. 13, the same reference numerals as those in Figs.
1 to 3 denote the same or identical components. In this
embodimegt, the entire magnet-yoke assembly including the
yoke 6B is supported by two dashpot mechanisms 20 which
also provide a reaction-force damping effect. Further,
this embodiment includes the mechanism for returning the
carriage to its neutral position by the sheet spring 8E
after the infinitesimal rotation, as in the above embodi-
ments.

As shown in Fig. 14, the dashpot mechanisms 20
are each structured such that coaxially mounted 6n an

arcuate shaft 20A are two pistons 20B each provided with
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a plurality of through holes 20C parallel to the shaft
20A, to thereby construct an assembly, this piston-shaft
assembly is accommodated in an arcuate housing 20D having
a hole (cavity) 20E adapted to slidably receive those
pistons, and both ends of the arcuate housing 20D are
covered by covers 20F. The arcuate housing 20D is fixed
to the outer peripheral surface of the magnet-yoke
assembly such that both ends of the shaft.ZOA project
outwardly through openings 20G in the covers 20F. The
projecting ends of the arcuate shaft 20A are fixed to the-
base 12 through the aésembly-supporting members 9C, 8D,
whereby the entire magnet-yoke assembly is supported
independently of the base 12 so that the magnet-yoke
assembly is infinitesimally rotatable about the carriage
pivot shaft 4. When the magnet-yoke assembly vibrates
infinitesimally in response to the reaction force caused
by carriage actu;tion during the operation, air in the
arcuate housing 20D is forced tb flow through the piston
holes 20C, thereby providigg a reaction-force damping
effect. A similar advantage can also be obtained by fix-
ing the arcuate housing 20D to each of the assembly-
supporting members 9C, 9D and fixing both ends of the
arcuate shaft 20A to the outer peripheral surface of the
magnet-yoke assembly conversely to the above structure.
According to several embodiments described
above, the carriage is provided with two flat-type driv-
ing coils, the angle 8 fofmed between the center line of

the first driving coil and the carriage guide arm is set
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between the respective center lines of the first and
second driving coils is set to about 120 degrees, the
magnet-yoke assembly comprises two yokes sandwiching both
sides of the driving coils and permanent magnets, and
further the assembly-supporting mechanism is mounted
outwardly of the outer peripheral surface of the magnet-
yoke assembly and also arranged within the height from
the base surface to the upper end face of the magnet-yoke
assembly. Therefore, the apparatus can be so reduced in
size and thickness that the apparatus falls within the
form factor dimensions standardized for small-sized
magnetic disk apparatus. Consequently, the present
invention can realize a positioning mechanism which
satisfies any of the standardized form factor dimensions
for small-sized magnetic disk apparatus, such as 1.3",
1.8", 2.5", 3.5" and 5.25", and is less liable to be
subjected to vibration.

Also, since the carriage is rotationally actuated
by forces cloée to a couple, a translational excitation
force acting on the carriage pivot shaft can be reduced.
Further, of the components of the carriage driving voice
coil motor, the magnet-yoke assembly comprising the yokes
and the permanent magnets is held by the magnet-yoke
assembly supporting mechanism such that the magnet-yoke
assembly is independent of the base and is infini-
tesimally rotatable and is mounted on the base through

the reaction-force damping members. It is therefore
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possible to reduce structural vibration of the base, due
to a reaction-force which is generated in the opposite
direction to the driving force. As a result of the above
structure, the relative displacement of the head and disk
due to structural vibration can be prevented to assure a
high-speed and highly-accurate head positioniné.

Further, since the yoke of the magnet-yoke
assembly is constructed to have a radial thickness in its
outer peripheral portion greater than an axial thickness
in its central portion, the inertial moment of the
magnet-yoke assembly subjected to the reaction force can
be much greater than the inertial moment of the rotating
members. As a result, the effect of canceling the
reaction force imparted to the base is enhanced so that
the relative positions of the head and the disk can be
more positively prevented frdm being changed by wvibration
of the structural member, enabling a high-speed and |
highly-accurate head positioning to be achieved.

Since the magnet-yoke assembly is provided in
its central.porﬁion with a semicircular cutout for avoid-
ing interference with the carriage and has a cutout
defined by rectilinear edges extending from the center to
the outer peripheral portion of the magnet-yoke assembly
with a central angle smaller than iéo degrees defined
between the edges and positioned to'avoid interference
with information recording disk, the entire magnet-ycke
assembly can be detached from the apparatus even in a

condition that the carriage and the information recording
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disk are installed in the apparatus housing, with a
resultant improved assembling efficiency.

Additionally, since the magnet-yoke assembly
capable of infinitesimally rotatable is provided with a
mechanism for returning the carriage to its neutral
position after the infinitesimal rotation, initial
positions of the magnet-yoke assembly and the driving
coils will not be offset to thereby generate stable
driving force at all times and enables a high-speed and
highly-accurate head positioning to be achieved.

In short, according to the present invention,
by prescribing positions of two driving coils, the
apparatus can be reduced in both size and thickness so
that the apparatus falls within any of the form factor
dimensions standardized for small-sized magnetic disk
apparatus. Also, vibration of a carriage supporting
system can be suppressed by actuating the carriage with the

two coils, and vibration of a structural member due to a

reaction force can be prevented by supporting the magnet-'

yoke assembly in a reaction-force damping manner, making
it possible to position a head at a high speed and with
high accuracy. As a result, a high-speed and highly-
accurate rotary information recording/reproducing
apparatus having a reduced size and thickness can be

achieved.
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1. A rotary information recording/reproducing
apparatus including:

at least one disk for recording information;

a carriage supporting a head to record/reproduce
information on or from said disk and being rotatable in a
substantially radial direction of said disk to position said
head relative to said disk;

a carriage actuator for applying torque to said
carriage; and

a housing comprising a base and a cover to support and
accommodate said disk, said head, said carriage and said
carriage actuator;

séid carriage actuator including first and second flat
driving coils fixed to said carriage, a magnet-yoke assembly
which comprises permanent magnets and at least one yoke, and
means for supporting said magnet-yoke assembly;

said magnet-ycke assembly supporting means being
mounted on a surface of said base oﬁtwardly of an outer
peripheral surface of said magnet-yoke assembly, said
supporting means being arranged to be within a distance
between said one surface of said base and an end face of said
magnet-yoke assembly spaced from said one base surface;

said carriage being disposed such that a center line of

said carriage extending at a center of a height of said

T
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carriage and in parallel with said disk is positioned within

a height of said magnet-yoke assembly.

2. Apparatus as claimed in claim 1, wherein an angle
formed between an imaginary line connecting the center of
said first driving coil and the center of rotation of said
carriage and another imaginary line connecting said head and
the center of rotation of said carriage is not larger than 90
degrees and #n angle formed between the center lines of said
first and second driving coils intersecting the center of
rotation of said carriage is within the range of from 100

degrees to 150 degrees.

3. Apparatus as claimed in claim 2, wherein the angle
formed between the centre lines of said first and second
driving coils intersecting the centre of rotation of said

carriage is approximately 120 degrees.

4. Apparatus as claimed in claim 2 or claim 3,
wherein the angle formed between the imaginary line
connectiﬁg the centre of said first driving coil and the
centre of rotation of said carriage and the imaginary line
connecting said head and the centre of rotation of said

carriage is in the range of from 70 degrees to 80 degrees.

5. Apparatus as claimed in any one of the preceding

claims, wherein said magnet-yoke assembly supporting means

(AR U |
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includes at least three sheet springs, two assembly-
supporting members and reaction-force damping members, said
sheet springs being mounted radiating out from the centre of
rotation of said carriage between the outer peripheral
surface of said magnet-yoke assembly and said assembly-
supporting members such that each of said sheet springs
extends perpendicularly to said base and thé centre of a
carriage pivot shaft at the centre of rotation of said

carriage is positioned in

RO |
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a plane including the sheet spring, said assembly-
supporting members being fixed to said base to support

said magnet-yoke assembly so as to be independent of said
base and infinitesimally rotatable, and said reaction-force
damping members being plate-shaped members each mounted
between the outer peripheral  surface of said magnet-yoke
assembly and an inner peripheral surface of one of said

assembly-supporting members.

6. Apparatus as claimed in any one of claims 1 to 4,

wherein said magnet-yoke

assembly supporting means includes a ball bearing, a
assembly-supporting member, and a reaction-force damping
member, said ball bearing comprising a plurality of balls
and races mounted between V-shaped grooves formed respec-
tively in the outer peripheral surface of said magnet-
yoke assembly and an inner peripheral surface of said
_assembly-supporting member, said assembly-supporting
member being fixed to said base to support said magnet-
yoke assembly so as to be independent of said base and
infinitesimally rotatable, said reaction-force damping
member being a plate-shaped member mounted between the
_outer peripheral surface of said magnet-yoke assembly and
the inner peripheral surface of said assembly-supporting
member.

7. Apparatus as claimed in any one of claims 1 to 4,
wherein said magnet-ycke

assembly supporting means includes a sliding bearing, a

assembly~-supporting member and a reaction-force damping

oy
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in the outer peripheral surface of said magnet-yoke
assembly and a projection formed on an inner peripheral
surface of séid assembly-supporting member and slidably
engaged in said groove, said assembly-supporting member
being fixed to said base to support said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable, said reaction-force damping member
being a plate-shaped member mounted between the outer
peripheral surface of said magnet-yoke assembly and the
inner peripheral surface of said assembly-supporting
member.

" 8. Apparatus as claimed in any one of claims 1 to 4,
wherein said magnet-yoke

. assembly.supporting means includes a sliding bearing, a
assembly-supporting member and a reaction-~force damping
member, said sliding bearing comprising a projection
formed on the outer peripheral surface of said magnet-
yoke assembly and a groove formed in an inner peripheral
surface of said assembly-supporting member and slidably
engaged with said projection, said assembly-supporting
member being fixed to said base for supporting said
magnet-yoke assembly so as to be independent of said base
and infinitesimally rotatable, said reaction-force damp-
ing member being a plate—shaped member mounted between
-the outer peripheral surface of said magnet-yoke assembly
and the inner peripheral surface of said assembly-

supporting member.

L
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9. Apparatus as claimed in any one of claims 1 to 4,

wherein said magnet-yocke

assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a
plurality of through holes parallel to said arcuate shaft
and fixed thereto, and an.arcuate housing having formed
therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both open ends of said cavity, said aréuate
housing being fixed to the outer peripheral surface of
said magnet-yoke assembly, both ends of said arcuate
shaft being supported by said assembly-supportiﬁg member,
said assembly-supporting member being fixed to said base
for supporting said magnet-yoke assembly so as to be
independent of said base and infinitesimally rotatable
via said dashpot mechanism.

10. Apparatus as claimed in any one of claims 1 to 4,

wherein said magnet-yoke

assembly supporting means includes a dashpot mechanism
provided on the outer peripheral surface of said magnet-
yoke assembly and a assembly-supporting member for
supporting said dashpot mechanism, said dashpot mechanism
comprising an arcuate shaft, at least one piston having a

plurality of through holes parallel to said arcuate shaft

N
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and fixed thereto, and an arcuate housing having formed
therein a cavity to slidably receive said piston, both
ends of said arcuate shaft projecting outwardly of said
cavity through respective openings formed in two covers
for covering both open ends of said cavity, said arcuate
housing being fixed to said assembly-sgppcrting member,
both ends of said arcuate shaft being supported by said
magnet-yoke assembly, said assembly-supporting member
being fixed to said base for supporting said magnet-yoke
assembly so as to be independent of said base and infini-
tesimally rotatable via séid dashpot mechanism.

11l. Apparatus according to any one of the preceding claims,
wherein the yoke of said magnet-yoke assembly includes an outer
ﬁhe yoke of said magnet-yoke assembly includes an outer
peripheral portion and an inner portion lying inwardly of
said outer peripheral portion, a radial thickness of said
outer peripheral portion being greater than an axial

thickness of said inner portion.

12. Apgdratus according to any one of the preceding claims, wherein

fhe yoke of said magnet-yoke assembly has a generally
semicircular Shapg provided with a central opening for
said carriage and with a cutout formed in continuity with
said opening and having diverging edges extending
substantially parallel to an outer peripheral edge of
said disk, a central angle formed bétwéén the diverging

edges of said cutout being smaller than 180 degrees.

* C L M S *
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13. Apparatus as claimed in claim 6, wherein at least one
sheet spring is mounted between the outer peripheral surface
of said magnet-yoke assembly and said assembly-supporting
member, said sheet spring being fixed to said magnet-yocke
assembly and said assembly-supporting member such that said
sheet spring extendg substantially perpendicularly to said
base and the centre of said carriage pivot shaft is
positioned in a plane including said sheet spring, whereby
said magnet-yoke assembly is returped to its neutral position

after infinitesimal rotation.

14. Apparatus as claimed in any one of claims 1 to 4,
wherein the yoke and the permanent magnet of said magnet-yoke
assembly are so structured as to be detachable from said
apparatus in a condition that said yoke and said permanent

magnet are assembled into an integral unit.

1s. ) A rotéry information recording/reproducing
apparatus constructed and arranged substantially as
hereinbefore described, with reference to the accompanying

drawings.

Iy
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ABSTRACT
ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS

A rotary information recording/reproducing apparatus has
a carriage rotatable by the first and second driving coils about
a pivot shaft for head positioning. The configuration of the
driving coils and the carriage guide arm reduces the apparatus
size and vibration. A magnet-yoke assembly is mounted to a base
by sheet springs and reaction-force damping membe;s interposed
therebetween so that the magnet-yoke assembly is independent from
and infinitesimally rotatable relative to the base. High-speed
and highly-accurate head positioning is achieved.by'employing two
driving coils and a reaction-force damping mechanism which
attenuate excitation of the carriage pivot system and disk

spindle.

FIGURE 1.
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