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[57] ABSTRACT

A magnetic or optical disk apparatus having a flexible disk
rotated at high speed and head sliders for reading and writing
information on the disk, floating from both sides of the disk.
The disk apparatus is also provided with straightening plates
for keeping air flow in the radial direction of the disk as a
laminar flow to surely prevent the disk from being vibrated
at the time when the disk is rotated at high speed. As the
result, positions of the head sliders relative to the disk can
be surely and accurately maintained to provide heads with

excellent recording and reproducing characteristics. Mass
storage and high speed access can be thus achieved without

damaging the flexible disk and the disk apparatus can be
smaller-sized with lighter weight and lower cost.

17 Claims, 16 Drawing Sheets
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FLEXIBLE INFORMATION STORING DISK
APPARATUS HAVING LAMINAR AIR FLOW

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

. Field of the Invention

The present invention relates to an information storing
disk apparatus and more particularly, a magnetic or optical
disk apparatus intended to use a flexible information storing
disk.

2. Description of the Related Art

It has been asked these days that the magnetic disk

apparatus can achieve mass storage and high speed access
and be smaller-sized with lighter weight and lower cost.

The hard disk apparatus is well-known as being charac-
teristic of mass storage and high speed access. In the case of
this hard disk apparatus, however, the inertia of its hard disk
medium is quite large. The spindle motor for rotating this
hard disk medium becomes therefore extremely large in size
and its rising time is long accordingly. Further, the hard disk
apparatus usually uses floating head sliders and the hard disk
medium is rigid. If magnetic heads of the head sliders strike
against the hard disk medium, therefore, impact applied to
the magnetic heads is quite large. In addition, the hard disk
medium is comparatively high in its manufacturing cost.

Although the hard disk apparatus is characteristic of its
mass storage and high speed access, it was difficult to make
the device small in size and low in cost.

On the other hand, the floppy disk apparatus is well
known as being small in size, light in weight and low in cost.
It has been variously tried that the flexible magnetic disk for
the floppy disk apparatus is rotated at high speed to achieve
mass storage and high speed access as well as to make the

device small in size and low in cost. However, the floppy
disk apparatus is intended to read and write signals on and
from the disk, keeping the magnetic head contacted with the
flexible disk. When the flexible disk is rotated at high speed,
therefore, the disk is remarkably damaged and the wearing
of the disk is quite notable.

It was therefore difficult for the fioppy disk apparatus to
achieve mass storage and high speed access as well as to be
made small in size, light in weight and low in cost.

In the case of the floppy disk apparatus intended to use the
flexible disk, the position of the magnetic head relative to the
disk must be accurately held to achieve mass storage and the
like. The flexible disk can seemingly keep its flatness due to
centrifugal force at the time of its high speed rotation. This
enables the position of the magnetic head to be almost
accurately kept relative to the disk. However, it is not
assured that the flexible disk can always keep its flatness not
to vibrate at the time of its high speed rotation.

This asked the following means to be conventionally
employed to prevent the vibration of the disk. As disclosed
in U.S. Pat. No. 4,419,704 and others, only one fixed
Bernoulli is arranged to face the one surface of the disk with
an extremely small clearance (or 100 pum, for example)
interposed between the plate and the disk. Very little air flow
is thus created between the Bernoulli plate and the disk at the
time when the disk is rotated at high speed, so that this air
flow can support the disk with a certain pressure to prevent
the vibration of the disk. However, the disk contacts the
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Bernoulli plate at the time of its speed rotation. This causes
the disk to be damaged and remarkably worn by the Ber-
noulli plate at the time when the disk is started and stopped.

U.S. Pat. No. 4,661,875 and others disclose another
Bernoulli plate separated from the disk by an extremely

small distance (or 100 pm, for example) and rotated together
with the disk. In this case, too, the centrifugal force makes

it possible to create very little air flow between the Bernoulli
plate and the disk and in the radial direction of the disk to
prevent the vibration of the disk. However, the disk rotates
together with the Bernoulli plate and the inertia of the
rotating matters becomes large. This makes it impossible to
make the disk apparatus small in size. In addition, head
access to both sides of the disk is left impossible, thereby
causing mass storage not to be achieved.

Various kinds of means have been employed to prevent
the disk from being vibrated, but they usually followed such

drawbacks that the disk was worn, that the inertia of the
rotating matters was large and that mass storage could not be
achieved.

SUMMARY OF THE INVENTION

An object of the present invention is to provide an
information storing disk apparatus intended to use a flexible
information storing disk and capable of achieving mass
storage and high speed access as well as making the device
smaller in size, lighter in weight and lower in cost.

Another object of the present invention is to provide an
information storing disk apparatus capable of surely pre-
venting the vibration and wearing of the flexible disk.

According to the present invention, there can be provided
an information storing disk apparatus for recording and
reproducing information on and from a flexible information
storing disk, said apparatus comprising: a means for rotating
the flexible disk to cause centrifugal force to act on the disk
in the radial direction thereof so as to keep the disk flat and
also cause air flow to be created on both sides of the disk in
the circumferential direction thereof; a pair of head sliders
located to face both sides of the disk, respectively, at least
one of the head sliders having a means for reading and

writing information on and from the disk and each of the

head sliders having an air bearing surface on which air force
caused by the circumferential air flow acts to float the head

slider from the disk; and means for supporting the paired
head sliders, said means serving to apply their elastic force
to each of the head sliders to put their elastic force against
the air force, so that the head slider is kept floating from the
disk by a predetermined distance when their elastic force is
balanced with the atr force applied.

According to the present invention, head sliders of the
floating type for use with the hard disk apparatus are
employed to face the flexible disk. The flexible disk can
rotate at high speed, keeping its flatness due to the action of
its centrifugal force. The head sliders can be thus floated
from both sides of the disk by air force, thereby enabling
heads for the hard disk apparatus to read and write infor-
mation on and from the flexible disk. This prevents the
flexible disk from being so damaged as seen in the conven-

tional cases. The information storing disk apparatus accord-
ing to the present invention can therefore achieve mass
storage and high speed access as well as be made smaller in

size, lighter in weight and lower in Jcast] cost.

Further, the disk apparatus according to the present inven-
tion is provided with means for straightening air flow in the
radial direction of the disk to suppress the occurrence of
turbulent flow in the air flow and to surely prevent the
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vibration of the disk. The means have a pair of stationary
straightening surfaces arranged to face both sides of the disk
with a predetermined distance interposed between each of

the straightening surfaces and its corresponding side of the
disk to straighten the air flow in the radial direction of the

disk.

Still further, assuming that the distance between each of
the straightening surfaces and its corresponding side of the
disk be represented by (s). the radius of the disk by (r), the
rotating angular speed of the disk by (®) and the coeflicient

of viscosity of air by (), clearance Reynold’s number can be
expressed like Re=(s, r . w)y.

According to the present invention, this clearance Rey-
nolds number Re is set smaller than 700 (i.e., 0<Re=700).
The occurrence of turbulent flow can be thus suppressed in
the air flowing in the radial direction of the disk, so that this
air flow in the radial direction of the disk can be kept as
laminar flow. Therefore, the flexible disk can keep its
flatness due to its centrifugal force and its vibration can be
suppressed by the laminar flow. This enables the disk to keep
its flatness extremely stable.

Further, when the air bearing force acts on the air bearing
surfaces of the [pa red] paired head sliders and they are

floating from the disk, reactions of this air bearing force act
on both sides of the disk in opposite directions. The balance
of these reactions also enables the disk to keep its flatness
extremely stable.

Still further, the present invention makes 1t unnecessary
that the air flow supports the disk with a certain pressure as
seen in the case of the Bernoulli plate. The present invention
makes it necessary only to prevent the occurrence of turbu-
lent flow in the air flowing in the radial direction of the disk.
The distance between each of the straightening surfaces and
its corresponding side of the disk can be thus made com-
paratively long (or it may be in a range of 400—80{) pm, for
example). This prevents the disk from being contacted with
and damaged by the straightening surfaces at the time when
the rotation of the disk is stopped.

Still further, the head sliders are located to face both sides
of the disk in the case of the present invention. Heads access
to both sides of the disk can be thus achieved, thereby
making it easier to attain mass storage. In addition, the
straightening plates are left stationary to make the inertia of
the rotating body smaller. As the result, the rising time of the
disk apparatus can be made shorter and the disk apparatus
itself can be made smaller in size and lighter in weight.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a perspective view showing a first example of
the magnetic disk apparatus according to the present inven-

tion:
FIG. 1B is a sectional view showing the disk apparatus
shown in FIG. 1A;

FIG. 2 is a perspective view showing a support system
employed by the disk apparatus;

FIGS. 3A and 3B are perspective views showing head
sliders employed by the disk apparatus;

FIG. 4 shows the head sliders floating from the disk;

FIG. 5 is a graph showing the relation of disk vibration
relative to distance (s) between each of the straightening
plates and its corresponding side of the disk

FIG. 6 is a graph showing the relation of clearance
Reynolds number R relative to disk vibration;

FIG. 7 is a plan showing a first variation of the first
magnetic disk apparatus according to the present invention,
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FIG. 8 is a side view showing a second variation of the
first magnetic disk apparatus according to the present inven-
tion;

FIG. 9 is a sectional view showing a tightly-closed case
assembly according to the present invention;

FIG. 10 is a sectional view taken along a line X—X in
FIG. 9;

FIG. 11 is a perspective view showing a second example
of the magnetic disk apparatus according to the present
invention;

FI1G. 12 is a sectional view showing the disk apparatus
shown in FIG. 11;

FIG. 13 is a side view showing a variation of the second
magnetic disk apparatus;

FIG. 14 is an enlarged sectional view showing the disk
apparatus shown in FIG. 13;

FIG. 15 is an enlarged plan showing the disk apparatus
shown in FIG. 13;

FIG. 16 is a perspective view showing a third example of
the magnetic disk apparatus according to the present inven-
tion;

FIG. 17 is a sectional view showing the disk apparatus
shown in FIG. 16:

FIG. 18 is a side view showing a first variation of the third
magnetic disk apparatus;

FIG. 19 is a side view showing a second variation of the
third magnetic disk apparatus,;

FIG. 20 is a side view showing a third variation of the
third magnetic disk apparatus;

FIG. 21 is a side view showing a fourth variation of the
third magnetic disk apparatus;

FIG. 22 shows the head sliders of the negative pressure
type floating from the disk;

FIG. 23 shows the head sliders of the positive and
negative pressures types floating from the disk;

FIG. 24A is a perspective view showing the disk appa-
ratus whose head sliders are shifted from each other in the
circumferential direction of the disk;

FIG. 24B is a plan roughly showing the head sliders
shown in FIG. 24A;

FIG. 25 is a side view roughly showing the disk apparatus
whose head sliders are shifted from each other in the radial

direction of the disk;
FIG. 26 is a side view showing the disk apparatus
provided with an improved support system;

FIG. 27 is a side view showing the disk apparatus
provided with an improved hub;

FIG. 28 is a perspective view showing improved disks;

FIG. 29 is a side view roughly showing an optical disk
apparatus according to the present invention; and

FIG. 30 shows an optical head slider viewed along an
arrow A in FIG. 29.

DETAIL ED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIGS. 1A and 1B show a first example of the magnetic
disk apparatus according to the present invention. Flexible
magnetic or floppy disk 1 is fixed to hub 2 which is
supported by a spindle motor (not shown). Recording areas
are formed on both sides of disk 1 and a pair of magnetic

head sliders 3 are located to face these both recording areas
of disk 1. These paired head sliders 3 are supported by

support system 4.
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These head sliders 3 and support system 4 are same as
those of the well-known hard disk apparatuss, as shown in
FIG. 2. More specifically, support system 4 has load spring
12 extending from mount support 11. Load spring 12 is
tapered forward and has erections 13 along both rims thereof
to increase the rigidity thereof. Gimbal spring 14 is attached
to the front end of load spring 12 and head slider 3 is
attached to gimbal spring 14. This gimbal spring 14 prevents
head slider 3 from being rotated, so that head slider 3 can be
kept unchanged in its posture.

Head slider 3 may be of the well-known monolithic type.
as shown 1n FIG. 3A, of the well-known composite type, as
shown in FIG. 3B, or the thin film type (not shown).
Whichever may be used, slider body 21 has air bearing
surface 22 extending in the running direction of the head (or
in the circumferential direction of the disk). In the case of
head slider 3 of the monolithic type shown in FIG. 3A, slider
body 21 is made of ferromagnetic material such as ferrite
and magnetic head 23 is projected outside from the trailing
edge of slider body 21. Magnetic gap 24 is formed adjacent
to this trailing edge of slider body 21. In the case of head
slider 3 of the composite type shown in FIG. 3B, slider body
21 is made of non-ferromagnetic material such as ceramic
and magnetic head 23 is embedded in the trailing edge of
shider body 21. Magnetic gap 24 is formed adjacent to the
trailing edge of air bearing surface 22.

When disk 1 is kept stationary, air bearing surfaces 22 of
paired head sliders 3 are contacted with both sides of disk 1
with a certain pressure. This contact pressure is determined
by the urging force of load spring 12 which supports head
slider 3. When disk 1 starts its rotating and the number of its
rotation reaches a high speed of 3,600 rpm. for example,
tension which is directed outward and in the radial direction
of the disk is caused in the disk by centrifugal force. As the
result, the flatness of the flexible disk can be kept by this

tension.

When the disk is running at this high speed, air flow is
caused in the circumferential direction of disk 1 by the
viscosity of air, as shown in FIG. 4. This air flow strikes
against air beating surfaces 22 of paired head sliders 3. As
the result, air bearing force acts on air bearing surfaces 22,
thereby causing paired head sliders 3 to float from disk 1. On
the other hand, head sliders 3 are elastically pressed against
disk 1 by load springs 12. When this pressing force balances
the air bearing force, head sliders 3 float from the disk, each
having a certain clearance relative to the side of disk 1. The
air bearing force acts this time on air bearing surfaces 22,
respectively, and reactions of this air bearing force act on
both sides of disk 1 in opposite directions. The balance of

these reactions enables disk 1 to be kept separated from each
of paired head sliders 3 by same distance.

Disk 1 has film base 25, as shown in FIG. 4. A pair of
magnetic layers 26 each made of ferrite, Ba ferrite or Co-Cr
are formed on both sides of film base 25. Protection layer 27
made of silicon oxide is formed on each of magnetic layers
26. Distance or gap G of magnetic head 23 floating from disk
1 1s set in view of the thickness of protection layer 27 and
to provide sufficient recording and reproducing characteris-
tics. More specifically, the elasticity of load spring 12 and
the air bearing force acting against head slider 3 are set to
make gap G kept or 0 to 1.0 um, specially, 0.2 to 0.8 pm.
Floating from disk 1 with this gap G, magnetic head 23 reads
and writes information from and on disk 1.

As apparent from the above, the head sliders of the
floating type for the hard disk apparatus are applied to the
flexible disk in the case of the present invention. The flexible
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6

disk can be rotated at high speed by the action of centrifugal
force, while keeping its flatness. The head sliders for the
hard disk apparatus can be thus floated from the flexible disk
by air force, thereby enabling the magnetic heads for the
hard disk apparatus to read and write information on and
from the flexible disk. This prevents the flexible disk from
being broken as seen in the conventional cases. According to

the disk apparatus of the present invention, therefore, mass
storage and high speed access can be achieved. In addition,

the disk apparatus can be smaller-sized with lighter weight
and lower cost.

When it is rotated at high speed, flexible disk 1 can
seemingly keep its flatness due to centrifugal force as
described above. The positional relation of the magnetic
heads relative to the disk can be thus kept almost accurate.
However, there may be some possibility that flexible disk 1
cannot keep its flatness and thus be subjected to vibration at
the time of its high speed rotation.

The following means is therefore employed to prevent the
vibration of the disk. As shown in FIGS. 1A and 1B, a pair
of first straightening or stationary plates 30 are arranged to
face both sides of disk 1. That face of each of these
straightening plates 30 which faces the side of disk 1 serves
as straightening surface 31 and a certain clearance is defined
between straightening surface 31 of plate 30 and the side of
disk 1. The occurrence of turbulent flow in air flowing in the
radial direction of the disk can be thus reduced, thereby
enabling the air flow to be kept as laminar flow. As the result,
the vibration of disk 1 can be prevented.

As shown in FIG. 1A, each of straightening plates 30 is
shaped like a circle having such a size that covers almost the
whole of flexible disk 1. Further, it has cut-away portion 32
which allows head slider 3 to move on disk 1 in the radial
direction thereof.

Inventors sought adequate values of clearance (s) between
disk 1 and straightening surface 31 by tests. The fioppy disk
of 3.5 inches was rotated at a high speed of 3.600 rpm.
Clearance (s) between disk 1 and straightening surface 31
was varied at those positions where distance (r) starting from
the center of disk 1 and extending in the radial direction
thereof is 20 mm 30 mm and 40 mm. When distance (s) is
longer than about 750 pum. the vibration of disk 1 becomes
quite large, as shown in FIG. §, and it is not believed that the
positional relation of the magnetic heads relative to the disk
can be kept accurate. When it is shorter than about 700 pm,
the vibration of disk 1 becomes comparatively small and it
is believed that the positional relation of the magnetic heads
relative to the disk can be so kept as not to deteriorate the
recording and reproducing characteristics of the disk appa-
rats.

These values obtained by tests were converted to dimen-
sionless numbers or clearance Reynold’s numbers Re and

the vibration of a disk whose size and rotation number were
disregarded was examined. Assuming that the rotating angu-
lar speed of the disk be represented by m and the coefficient
of kinematic viscosity of air by v, the clearance Reynold’s
number can be defined like Re=(s . r . @)/.

When clearance Reynold’s number Re is larger than 700,
the vibration of the disk becomes quite large, as shown in
FIG. 6. It is believed that this is because turbulent flow is
caused in air flowing in the radial direction of the disk. When
it is smaller than 700 (i.e., 0<Re=700), the vibration of the
disk becomes comparatively small, It is believed that this is
because the occurrence of turbulent flow is reduced in air
flowing in the radial direction of the disk and because air
flows as laminar fiow in the direction of the disk.
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When the disk is rotated at high speed (or 3,600 rpm, for
example) under the condition that clearance Reynold’s num-
ber Re is smaller than 700 (i.e., 0<Re=700), the head sliders
can float from the disk, keeping their positions certain
relative to the disk because the vibration of the disk is
reduced. Clearances between the magnetic gaps and the disk
can be thus held certain and recording and reproducing
characteristics of the magnetic gaps can be kept excellent.
As described above, mass storage and high speed access can
be thus surely realized even in the case of the magnetic disk
apparatus intended to use the flexible disk.

According to the present invention, it is not needed that
air flow supports the disk with a certain pressure as seen in
the conventional case where the Bernoulli plates are used. It
may be arranged in the case of the present invention that the
occurrence of turbulent flow is prevented in air flowing in
the radial direction of the disk. This enables the clearance of
the straightening surface of each of the straightening plates
relative to the disk to be made comparatively large (or
400-800 um, for example). The disk can be thus prevented
from being contacted with and broken by the straightening
surfaces of the plates at the time of its being stopped.

Further, the head sliders are arranged to face both sides of
the disk and head access can be thus made relative to both
sides of the disk. This makes it easier to achieve mass

storage. Furthermore, the straightening plates are not rotated
and this enables the inertia of the rotating body to be made
small. As the result, rise time can be made shorter and the
disk apparatus can be smaller-sized with lighter weight.

FIG. 7 shows a variation of the first magnetic disk
apparatus according to the present invention. Head sliders 3
are moved in the radial direction of the disk by support
system 4. In the case of this variation, straightening plates 30
are located on both sides the moving area of the head sliders.
Namely, rectangular straightening plates 30 are located up-
and down-streams the head sliders in the rotating direction
of the disk. Air flowing in the radial direction of the disk can
be held as laminar flow between the straightening plates and
the disk even in this case, thereby preventing the vibration
of the disk sufficiently in the vicinity of the head sliders.
Even when the whole of the disk is not covered by the
straightening plates, therefore, the positional relation

between the head sliders and the disk can be held so accurate
as to make the recording and reproducing characteristics

quite excellent. Shape and position of each of straightening
plates 30 are not limited to those of this variation but various
changes can be made.

In the case of another variation of the magnetic disk
apparatus shown in FIG. 8, liner 33 is formed on that face
of each of straightening plates 30 which is opposite to the
disk and that face of liner 35 which opposes to the disk
serves as straightening surface 31. Even when disk 1 is
remarkably vibrated by some disturbance, disk 1 can be
protected by liner 33 and the damage of disk 1 can be
prevented accordingly.

FIGS. 9 and 10 show closed case assembly 40 in which
magnetic disk 1, head sliders 3 and support system 4 are
housed. Disk 1 is designed to be rotated by motor 51, and
support system 4 is designed to move in the radial direction

of the disk in the case.

A pair of circular portions 41 which are opposed to the
disk in the case at a certain distance are made comparatively
thick to form straightening surfaces 31. In this case,
therefore, air flowing in the radial direction of disk 1 can be
kept as laminar flow between disk 1 and straightening
surfaces 31 to thereby reduce the vibration of disk 1.

10

13

25

30

35

45

50

55

65

8

FIGS. 11 and 12 show a second example of the magnetic
disk apparatus according to the present invention, which is

provided with plural disks. Plural flexible disks 1 are
attached to rotating shaft 32, which extends from spindle

motor 51, with a same distance interposed between adjacent
disks. These disks 1 are fixed to rotating shaft 52 by hub 53.

A pair of head sliders 3 are located opposite to both sides of
each of disks 1 and supported by support system 4. Each of
support system 4 is fixed to support means 54, which is fixed
to driving shaft 56 extending from voice coil motor 335.
When voice coil motor 58 is driven, support systems 4 are
moved in the radial direction of the disks. Pieces of infor-
mation are exchanged with those outside through recording
and reproducing amplifier 57.

Straightening plate 30 is sandwiched between adjacent
disks 1, respectively. Both sides of this straightening plate
30 serve as straightening surfaces 31 in this case. Straight-
ening plates 30 are located above and under top and bottom
disks 1, respectively.

In this case, therefore, air flowing in the radial direction
of the disk between each of disks 1 and straightening
surfaces 31 can be kept as laminar flow to thereby suppress

the vibration of the disk. Because the disk apparatus has
plural dish, mass storage can be increased to a great extent.

Passages S8 for feeding air, which is supplied through the

top of hub 53, between each of disks 1 and straightening
plates 30 are formed in hub 53. When the disks are rotated

at high speed, air on each of the disks is moved outward in
the radial direction of the disk due to centrifugal force. As
the result, negative pressure is caused on the center portion
of the disk. Air is therefore supplied into the space between
each of the disks and straightening plates 30 through the

passages 58 in hub 53 to eliminate this negative pressure and
the air supplied then moves outward in the radial direction

of the disk. The vibration of each of the disks can be further
reduced accordingly. It is not necessarily needed that pas-

sages 58 are formed in hub 53 and even when no passage is
formed, the vibration of each of the disks can be suppressed
sufficiently.

FIGS. 13 through 15 show another variation of the disk
apparatus. Straightening plates 38 each shaped like a fan are
fixed to support system 4. At whatever position head sliders
3 may be in the radial direction of the disk, the vibration of
that area of the disk which is located outward in the radial
direction of head sliders 3 can be suppressed. Therefore, the
shape or size of the straightening plate can be made smaller
but the vibration of that area of the disk which must be kept
flat can be fully reduced.

FIGS. 16 and 17 show a third example of the magnetic
disk apparatus according to the present invention, which is
provided with second straightening plates. Bach of second
straightening or blocking plates 60 is ring-shaped and
located on a same plane as the disk is, with a small clearance
interposed between its inner rim and the outer rim of the

disk. Passages 58 same as those shown in FIG. 12 are
formed in hub 53. When each of the disks is rotated at high

speed, therefore, negative pressure caused on the center
portion of the disk in the radial direction thereof is elimi-

nated by air supplied outward in the radial direction of the
disk through passages 58. This air is allowed to further flow
between straightening plates 60. This prevents turbulent
flow from being caused in air flowing outward in the radial
direction of the disk and on the outer rim portion thereof.
The vibration of each of the disks can be prevented accord-
ingly.

FIG. 18 shows a first variation of the second straightening
plate. V-shaped groove 61 is formed on the inner rim side of
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each of straightening plates 60 and opposed to the outer rim
side of each of the disks. Air flowing outward in the radial
direction of the disk is stopped and divided in upward and
downward directions by V-shaped groove 61 of the straight-
ening plate. Pressures applied to the upper and lower sides
of the disk are thus balanced with each other to suppress the
vibration of the disk.

FIG. 19 shows a second variation of the second straight-
ening plate. The inner rim of each of straightening plates 60
is shaped to have T-shaped wall 62. Air flowing outward in
the radial direction of the disk strikes against T-shaped wall
62 and thus divided in upward and downward directions.
Pressures applied to the upper and lower sides of the disk are
balanced with each other, as seen in the first variation of the
second straightening plate, to thereby reduce the vibration of

the disk.

FIG. 20 shows a third variation of the second straighten-
ing plate. Air passage 63 is formed in each of second
straightening plates 60, starting from the bottom of V-shaped
groove 61 and extending outward in the radial direction of
the straightening plate. Air flowing outward in the radial
direction of the disk is allowed to smoothly flow into
V-shaped groove 61 and through air passage 63. The air flow
can be thus made extremely stable to further suppress the
vibration of the disk.

Both of first and second straightening plates 30 and 60
may be applied to the disk apparatus, as shown in FIG. 21.
The vibration of each of the disks can be further reduced due
to the combination effect of two kinds of the straightening
plates applied.

Positive pressure is applied to the paired head sliders in
the above-described cases, but negative pressure may be
applied to the paired head sliders, as shown in FIG. 22.

When disk 1 is kept stationary, gap between each of head
sliders 3 and disk 1 is made comparatively large by the load
spring (not shown). When disk 1 is rotated and air flow is
caused in the circumferential direction of the disk, it is
caused that surface 71 of each of head sliders 3 is under
negative pressure. As the result, air force acts on these
negative pressure surfaces 71 to force head sliders 3 toward
the disk. When this air force is balanced with the force of the

load spring, each of head sliders 3 is kept separated from
disk by a certain distance. The disk is sucked this time

upward and downward by the action of the above-described
negative pressure. When these sucking forces are balanced
with each other, the disk is held at a certain position between
the paired head sliders. Even when disk 1 is kept stationary,
disk 1 can be left untouched with head sliders 3 in this case.
This prevents disk 1 from being damaged by head sliders 3
at the time when disk 1 is started and stopped.

One of head sliders 3 may be of the positive pressure type
while the other of the negative pressure type, as shown in
FIG. 23. When disk 1 is rotated. upper head slider 3 which
is of the positive type is forced to separate from disk 1 while
lower head slider 3 which is of the negative pressure type is
forced to approach disk 1. Disk 1 is subjected to force which
urges disk 1 toward lower head slider 3. When this force is
balanced with the elasticity of the disk, therefore, the disk
can be held at a predetermined position between the paired
head sliders.

The paired head sliders are directed in the same direction

relative to the circumferential direction of the disk in the
case just described above. As shown in FIG. 24A, however,

it may be arranged that the head sliders are a little shifted
from each other in the circumferential direction of the disk

and that they are directed in different directions. Their
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centers of gravity are shifted from each other in this case, as
shown in FIG. 14B. Suction phenomenon between station-
ary disk 1 and head sliders 3 can be further suppressed in this
case, as compared with the case where head sliders are
directed in the same direction. Further, azimuth angles of
both magnetic heads 23 are different from each other. While
recording is being carried out by one of the magnetic heads,
therefore, the occurrence of crosstalk can be reduced relative
to the other of the magnetic heads.

Same effects can be achieved by a case shown in FIG. 28.
A pair of head sliders 3 are shifted from each other in the
radial direction of the disk in this case. Assuming that the
distance of the center line of on head slider shifted from that
of the other head slider be represented by A, the half of
groove width by B and the width of air beating surface by
C, the condition of C<A<2B must be satisfied to allow the
disk to be rotated without any vibration.

Paired rigid arms 75 of support system 4 which supports
a pair of head sliders 3 may be connected to each other by
spring 76, as shown in FIG. 16. Equal load is applied to each
of paired head sliders 3 in this case. The gap of each of the
magnetic heads floating from the disk can be thus made
equal.

It may be arranged, as shown in FIG. 17, that disk-fixing
hub 53 is provided with plural cut-away portions 77 and that
the disk is supported at plural support points. This prevents
the disk from being flexed when it is fixed to the hub.
Further, air flow can be made smooth in the vicinity of the
outer rim of the disk

In the case where plural disks 1 are arranged coaxial to
one another, it may be arranged, as shown in FIG. 28, that
anisotropies of mechanical characteristics of the disks are all
directed to a same direction to align directions of their
temperature expansions. The accuracy of tracking servo can
be enhanced and recording density can be further enhanced,

too, in the case.

FI1GS. 29 and 30 show an example of the optical disk
apparatus according to the present invention.

Optical disk 8 is also flexible and has recording layers on
both sides thereof in the case of this optical disk apparatus.
Optical disk 81 is fixed to hub 82 and optical head sliders 84
of the floating type each having optical head (or light
receiving and emitting portion) 83 are supported by support
systems 83 to move in the radial direction of the disk. When
optical disk 81 is rotated, therefore, each of optical sensors
84 float from optical disk 81, gap G being kept no more than
5.0 ym. Laser beam is shot from the light emitting portion
and focused onto optical disk 8 through lens 86, and laser
beam reflected is detected by the light receiving portion.
Information is thus reproduced and recorded from the opti-
cal disk.

In the case of this optical disk apparatus, too, first straight-
ening plates 30 are located, separating from both sides of the
disk by a predetermined distance, respectively, and clear-
ance Reynold’s number Re is set smaller than 700 (i.e.,
O0<Re=700). The occurrence of turbulent flow is thus sup-
pressed in air flowing outward in the radial direction of the
disk and the air flow is kept as laminar fiow accordingly. The
vibration of the optical disk can be thus reduced even in the
case of this optical disk apparatus. This enables mass storage
and high speed access to be surely realized even in the case
of this optical disk apparatus,

It is not needed that both of the paired floating head sliders
have optical heads, but it may be arranged in the case where
the disk has the recording layer only on one side thereof that
one of the optical disks serves as a dummy one and has the



Re. 35,670

11

floating characteristic same as that of the other optical disk.
In a case where the optical disk is of the transmission type,
it may be arranged that one of the heads has the light
emitting portion while the other has the light receiving
portion and that both have the same floating characteristic.

As apparent from the above, the present invention can be
applied to the optical disk apparatus intended to use flexible
optical disks as well as the magnetic disk apparatus intended
to use flexible magnetic disks. Therefore, the present inven-
tion can be applied to various kinds of information storing
disk apparatuses intended to use flexible information storing
disks.

What is claimed 1s:

1. An information storing disk apparatus comprising:

a flexible disk for storing reproducing information;

a means for rotating said disk to cause centrifugal force to
act on said disk in a radial direction thereof, for keeping
said disk flat, and for creating air flow on both sides of
said disk in a circumferential direction thereof wherein
air flow is created in the radial direction of said disk
when said disk is rotated;

a pair of head sliders located to face both sides of said
disk, respectively, at 1east one of the head sliders having
means for reading and writing information [on and
from] from and on said disk and each of said head
sliders having air surface on which air force caused by
a circumferential air flow acts to float said head slider
from said disk;

supporting means for supporting said pair of head sliders,
said supporting means serving to apply elastic force of
said supporting means to each of said head sliders
against the air force, and keeping said head sliders
floating from said disk by a predetermined distance
when the elastic force is balanced with the air force
applied;

a straightening means for straightening the air fiow in the
radial direction of said disk, and for reducing the
occurrence of turbulent flow in the air flow, said
straightening means being located to face both sides of
said disk with a predetermined distance interposed
between each of said straightening means and a corre-
sponding side of said disk, and having a pair of
stationary straightening surfaces each serving to
straighten the air flow in the radial direction of said disk
to prevent an occurrence of turbulent flow between
each of stationary straightening surfaces and said disk,
said straightening means having a pair of first station-
ary plates arranged to face both sides of said disk and
said straightening surface being formed on that face of
each of said first stationary plate which faces said disk,
each of said first stationary plates being shaped like a
circle having such a side that covers said disk, and
having a cut-away portion for defining a space in which
each of said head sliders can move on said disk in a
radial direction thereof.

2. An information storing disk apparatus, comprising:

a flexible disk for storing reproducing information;

rotator means for rotating said disk to cause centrifugal
force to act on said disk in a radial direction thereof so
that said disk remains flat, and for creating air flow on
both sides of said disk in a circumferential direction
thereof wherein air flow is created in the radial direc-
tion of said disk when said disk rotates;

a pair of head sliders located to face the both sides of said
disk, respectively, at least one of the head sliders
having means for writing and reading information on
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and from said disk, each of said head sliders having air
surface on which air force caused by a circumjferential
air flow acts to float said head slider from said disk;

support means for supporting said pair of head sliders,
said support means serving to apply elastic force of
said support means to each of said head sliders against
the air force, and for keeping said head sliders floating
from said disk by a predetermined distance when the
elastic force is balanced with the air force applied;

straightening plate means located to face the both sides of
said disk, for straightening the air flow in the radial
direction of said disk, and for reducing the occurrence
of turbulent flow in the air flow;

package means having a closed space therein, and for

packing said flexible disk, said pair of head sliders,
said support means and said straightening means in the
closed space of said package means; and

said straightening plate means including a pair of sta-

tionary plates having a pair of stationary straightening
surfaces arranged to face the both sides of said disk,
each of said stationary straightening surfaces serving
to straighten the air flow in the radial direction of said
disk to prevent an occurrence of turbulent flow between
each of said stationary straightening surfaces and said
disk, each of said straightening surfaces being defined
on a face of each of said stationary plates which faces
said disk, each of said stationary plates covering said
disk and having a cut-away portion for defining a space
in which each of said head sliders can move on said
disk in a radial direction thereof.

3. The apparatus according to claim 2, wherein said disk
includes a magnetic recording medium.

4. The apparatus according to claim 2, wherein the
straightening plate means functions without contacting the
flexible disk.

5. An apparatus according to claim 2, wherein each of

said straightening plates is stationary relative to the rotation
of the flexible disk.

6. An information storing apparatus, comprising:

a housing;

a flexible disk disposed within said housing, wherein when
said flexible disk is rotated, an airflow is created on
both sides of said disk in a circumferential direction
thereof and airflow is also created in a radial direction
of the disk, and a centrifugal force acts on the flexible
disk;

a pair of head sliders disposed on opposite sides of said
flexible disk and facing said flexible disk, each of said
head sliders including a head and being floated from
said disk by the circumferential airflow;

a support for supporting said head sliders;

straightening plates disposed on each side of said flexible
disk, each of said straightening plates straightening the
airflow along the radial direction of the disk to keep the
flexible disk flat without contacting the flexible disk.

7. An apparatus according to claim 6, wherein said
flexible disk is a magnetic disk.

8. An apparatus according to claim 6, wherein each of
said straightening plates includes a cut-away portion for
defining a space in which each of the head sliders can move
in the radial direction of the disk.

9. An apparatus according to claim 6, wherein each of
said straightening plates is stationary relative to the rotation
of the flexible disk.

10. An information storing disk apparatus using a flexible
disk for storing and reproducing information, the apparatus
comprising:
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rotator means for rotating said disk to cause centrifugal {1. The apparatus according to claim 10, wherein said
force to act on said disk in a radial direction thereof so disk includes a magnetic recording medium.
that said disk mmimﬂm, andfor creating airﬂaw ort I2. The apparatus accanﬁng to claim 10, wherein the
both sides of said disk in a circumferential direction straighten plate means functions without contacting the
thereof wherein air flow is created in the radial direc- 5 flexible disk.
tion of said disk when said disk rotates; 13. An apparatus according to claim 10, wherein each of

a pair ofhead sliders located mface the both sides Of said said strai ghfenjn g pkgtg,g LS smﬁompy relative to the rotation
disk, respectively, at least one of the head sliders of the flexible disk.

having means J or writing am:'! reading _i"f ﬂﬂm’f‘m on 14. An information storing apparatus using a flexible disk,
and from said disk, each of said head sliders having air 10 4 . roin when said flexible disk is rotated, an airflow is

surface on which air force caused by a circumferential  (yented on both sides of said disk in a circumferensial
air fiow acis 1o fioat said head slider from said disk; direction thereof and airflow is also created in a radial

support means for supporting said pair of head sliders, direction of the disk, and a centrifugal force acts on the

said support means serving to apply elastic force of 15 Jlextble disk, the apparatus comprising:
said support means to each of said head sliders against

the air force, and for keeping said head sliders floating
from said disk by a predetermined distance when the
elastic force is balanced with the air force applied, said
support means including a pair of load springs, cor-
responding to said pair of head sliders, for applying 2

a pair of head sliders disposed on opposite sides of said
flexible disk and facing said flexible disk, each of said
head sliders including a head and floating from said
disk by the circumferential airflow;

O a support for supporting said head sliders, said support

said elastic force, and a pair of gimbal springs, cor- including a pair of load springs, corresponding to said
responding to said pair of head sliders and said pair of pair of head sliders, for applying said elastic force, and
load springs, connected between the corresponding a pair of gimbal springs, corresponding to said pair of
load spring and corresponding head slider; - head sliders and said pair of load springs, connected
straightening plate means located to face the both sides of between the corresponding load spring and corre-
said disk, for straightening the air flow in the radial sponding head slider;
direction of said disk, and for reducing the occurrence straightening plates disposed on each side of said flexible
of turbulent flow in the air flow; and disk, each of said straightening plates straightening the
said straightening plate means including a pair of sta- 3 airflow along the radial direction of the disk to keep the
tionary plates having a pair of stationary straightening flexible disk flat without contacting the flexible disk.
surfaces arranged to face the both sides of said disk, I5. An apparatus according to claim 14, wherein said
each of said stationary straightening surfaces serving flexible disk is a magnetic disk.
to straightern the air flow in the radial direction of said 16. An apparatus according to claim 14, wherein each of

disk to prevent an occurrence of turbulent flow between 35 said straightening plates includes a cut-away portion for
each of said stationary straightening surfaces and said defining a space in which each of the head sliders can move
disk, each of said straightening surfaces being defined in the radial direction of the disk.

on a face of each of said stationary plates which faces 17. An apparatus according to claim 14, wherein each of
said disk, each of said stationary plates covering said said straightening plates is stationary relative to the rotation
disk and having a cut-away portion for defining a space 4 of the flexible disk.

in which each of said head sliders can move on said

disk in a radial direction thereof. k& ok k%
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