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TITLE OF THE INVENTION .
Head posifioner and Information recording or reproducing

apparatus

BACKGROUND OF THE INVENTION

Fieid of the Invention

The presénp invention relates to an information recording,
or reproducing apparatus ﬁsed for recording or reproducing
information, and more particularly, to.a head pq.sitionei: for

positioning heads at desired tracks on recording medium.

Description of the Related Art

Recently, as an informatit;n recoxrding or reproducing
apparatus, apparatuses such as a magnetic disk unit and an optical
disk unit have beenusedwidely which employ disk—shaped record:.lng
media. Among them, the magnetic disk unit has been widely used
as ah external storage unit of personal computers by making use
of its high—speed data .transfer property. A small magnetic disk
unit that has been widely used of late has typically su:ch a
configuration that allows for recording or reproducing.
information by positioning mé.gnet:l.c heads by means of a rotary
head positoner at desired recording tracks on the magnetic disks,
the recc':rding tracks being concentric and formed on magnetic
disks. ST o |

A conventional.magnetic diskunit comprisingé rotary head .

positoner will be explained below with reference to Fig.A 9. Fig.

(.



A9 is a plan view showing a major portion of the conventional
magnetic disk unit.

| ReferringtoFig.A9, themagneticdisklonwhichconcentric
recording tracks are forﬁed rotates by means of a spindle motor
3 with constant angular speed. The magnetic head 2 (hereinafter
referred to simply as the héad) which records and reproduces
information on the magnetic disk 1, is supported close to the.
recording éurface of the maghetic disk 1 by means of suspensions
8. The head 2 is transported by means o; a head positioner 5 to
position in order to oppose a desired record track of the magnetic
dis# 1.

A carriage 10e of the head positioner 5 is'rotatably
attached to the shaft 6 secured to a base 4 of the information
recording or reproducing apparatus via the ball bearing 7. The
carriage 10e comprises a head arm 11 that has a predetermined
length from the center of rotation in the radial direction. The
head arm 11 is provided, on the distal end portion thereof, with
suspension 8. In addition, there is provided a planar coil 2i
opposite to the head arm 11 acroés the center of rotation. There
is disposed a permanent magnet 23 opposite to the coil 21 with
a predetermined spac‘:e‘_maintained therebetween, thereby forming
an actuat;.oﬁ ﬁedhanism 20 that is typically called a voit':e' coll
motor. Energlzing the coil 21 will cause a torque to be generated

with the rotational axis on the shaft 6 to allow the carrlage
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10e to rotate. The point of application of driving force D lies
on the straight line “A” that connects the center axis of the
shaft 6 to the head 2. Moreover, the drive direction is

perpendicular to the straight line “A”.

Inthe conventional magneticdisk unit configured as such,
the magnetic head 2 detects servo position information written
beforehand on the matjnetic disk 1 and the current flowing in the
coil 21 is controlled based on the servo position information.
This allows for positioningthe t}ead 2 at apredetermined recording

track on the magnetic disk 1.

In general, it is necessai:y to improve the accuracy of
positioningthemagnetichead2 in order to increase trackdensity.
For this purpose, it is required to extend the servo bandwidth
of the head positioning control: In the aforementioned
conventional magnetic disk ﬁnit, the servo bandwidth was limited
due to the mecﬁanical resonance of the head positioner 5. That
is, the aforementioned head positioning operation performs the
positioning control for a rigid mode in whiéh the carriage 1l0e
rotates dt center on the shaft 6 as a rigid body. For this reason,
the servo bandwidth o!:‘ the head positioning operation could be
extended only to such an éxtent that the influence of high-order
os cillétory modes other th.an the rigid body mode would not cause

instability of the control..
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There are two high-order oscillatory modes with large
amplitudes in the rotary head positoner 5. One of them is a mode

that is derived from the méss of the carriage 10e and the rigidity

of theballbearing7 andcauses theentirecarriagelO0etooscillate

in the direction perpendicular to the center axis of the shaft
6 (hereinafter referred to as the quasi rigid body mode). The
other oscillgﬁory mode causes the head arm 11 to bend in a plane
of the surface of the magnetic disk to oscillate (hereinafter
referred to as the arm sway mode) . Among them, since the t';uasi
rigid body mode appears at a lower frequency than that of the
oscillation of the arm sway mode, the quasi rigid body mode was
a limiting factor that limited the servo bandwidth in a
conventional magnetic disk unit. Fig.Al0 is a plot showing the
frequency response characteristics of the conventional head
positioner 5. Referrir{g to Fig.Al10, the abscissa axis represents
the freqﬁency ywhilethe ordinai:e axis represents ;he displacement
of the head 2 per unit current of the coil 21. The peak shown
by arrow *a” near 3kHz is derived from thé quasi rigid body mode.
The servo bandwidth of the head positioner 5 could only be extended
to such a frequency (for example, 500Hz) at which the frequency
(:about 3kHz) of the peak derived from the quasi rigid body mode

exerts no influence on the stabili.ty of the positioning control.

T6 extend the servo bandwidth of the head positioner 5,
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several configurations to reduce the effect of the quasi rigid
body mode have béen suggested. As an example, as disclosed in
Japanese Laid-Open Patent Publication No.Héi 3—-80475, a
configuration is available in which a voice -coil motorlis provided
ona side of fhe carriage to a_llow the drive force D to be.generated
on the carriage in the direction substantially perpendicular to
thedirectionof displacement provicied at the time of positioning.
This headpositionerallows theoscillatorydirectionof the quasi
rigid body mode to be substantially orthogonal to the dir.ection
of displacem_ent provided at the time of positioning, thereby
suppressing influence and providing drastically improved

accuracy of the head positioning.

As described above » inthe conventional magnetic disk unit
comprising a typical rotary head positone:;: such as shown in Fig.A
9, the resonance of the quasi rigid body mode that is potentially
present as a natural vibration mode is excited by the drive force
to cause an oscillation wifh a large amplitude to appear. ThJ:.S
resonance limits the servo bandwidth and thus such a problem was
presented in that this prevented the positioning accuracy from
being improved.

Furthermore, the head positioner of a magnetic head
disclosed inJapanese Laiéi—-Open Patent PublicationNo.Hei 3-80475
cannot necessarily elimihate the influence of the quasi rigid

body mode -for the following reasons.
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In general, it is known that a mechanical structure
oscillates only at a particulai frequency (natural frequency) -
irrespective of an external force and in ; mode shape (natural
vibration mdde) . This holds true in the head positioner and the
carriage has néturél frequency and natural vibration mode
irrespective of the drive force. The quasi rigid body mode is
one of thé natural vibration modes and the oscillatory direction
is determined only by the corifiguration of the carriage
irrespective of the direction of the drive force praovided. Unless
each oscillatory direction of the qua.si ‘rigid body mode of the
head positioner is orthogonal to the direction of head
displacement (hereinafter referred to as the head positioning
direction) provided at the time of head positioning, the
oscillation generated by the drive force will have a component
in the head positioning direction and thus exert an effect on
the head positioning operation. That is, it is not necessarily
possihle to remove the effect of tt;e oscillation derived from
the quasi rigid body mode only by setting the direction of the
dri_ve force to the &irection orthogonal to the pqsitioning
direction. Therefore, the.head positioner disclosed in Japanese
Laid-Open Patent Publication No.Hei 3-80475 still has the same

problem as the conventional magnetic disk unit.

Furthermore, asdisclosed in the Japanese Laid—-OpenPatent
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Publication No.Hei 3-80475, in the éase where _the carriage has
rigidity high enough not to cause elastic deformation to occur
and to be regarded substantially as a rigid body at the resonance
frequency of the quasi rigid body mode, the carriage would
oscillate iij,a given direction of the drive force. Therefore,
it is possible to allow the carriage to oscillate only in the
direction of the drive force. In this case, it is necessary to
provide the head arm and coil with sufficiently high figidity,
which raised such a problem that this 5ecame a serious limiting
factor in design and the carriage became heavy enough to cause
the inertia to increase.

The object of tﬁe present invention is to eliminate the
effect of the gquasi rigid body mode without imposing strict
limitations on the design of the carriage and thus improve the

head positioning accuracy by extending the servo bandwidth to

a broad frequency bandwidth.

Next, another conventional magnetic disk unit comprising
a rotary head positoner (hereinafter referred tco as conventional
example.1l) will be explainedbelow with reference to the drawings.
Fig. Bl6 is a plan view sl:lowing a major portion of the magnetic
disk unit according to conventional example 1. Fig. B1l7 is a
cross-sectional view showing the vicinity of the head positioner
in the magnetic disk unit aécording to conventional example 1.
Fig. Bl8 is a perspective view showing a carriage of the head

positioner in the magnetic disk unit according to conventional
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example 1.

Referring to Fig. B16 through Fig. B18, two magnetic disks
la and 1b, onwhich concentric recording tracks are formed, rotate
by means of a spindle motor 3 with constant angular 'spéed. Four
magnetic heads 2a, 2b, Z-c, a;'xd 2d, which perform recording or
reproducing on éach of the four recording surfaces of the magnetic
disks 1, are supported close to the recording surfaces by means
of éuspensions B, respectively. 'The magnetic heads 2a, 2b, 2c,
and 2d are transported by means of a head positioner 5 to position
in order to oppose desired recording tracks of the magnetic disks
1.

Acarriagel0'oftheheadpositioner5s j.s rotatablydisposed,
at a shaft 6 center, by means of two ball bearings 7 provided
on the shaft 6 secured to a base 4 of the magnetlc disk unit.
The head carriage 10°' is comprised of three head arms 1la, 11b
and 1llc, which have a predetermined length from the center of
rotation in the radial direction. The head arxm lla is provided,
onthedistalend port:l.bn thereof ,withahead2aviathe suspensions
8. The head arm11b is provided, on the distal end portion thereof,
with heads 2b and 2¢ via Fhe sdspensions 8. The head arm llc is
provided, on the distal end portion thereof, with a head 24 via
the suspensions 8. That is, the head arm lla disposed above the
magnetic disk la (when viewed toward the surface of the page of
Fig. B17) and the head arm 1lc disposed below the magnetic disk
1b {when viewed in the same direction) support one head. On the

other hand, the head arm 11lb disposed between the two, magnetic
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disks la and 1b supports two heads. Each of the head arms 1l1a,
11lb, and 11lc has the same shape such as in thickness and in width.
That is, the head arms 1la, 11b, and llc have the same support
rigidity. In addition, the magnetic heads 2a, 2b, 2c¢, and 2d have

the same shape.

There is provided a planar coil 21 opposite to the héad
arms 11 across the center of rotation of the carriage 10'. There
is disposed a permanent magnet 23 opposite to the coil 21 with °
a -predetermined space maintained therebetween, the permanent
magnet 23 and the coil 21 forming a drive mechanism 20 that is
typically called a voice coil motor. Energizing the coil 21 will
cause an electromagnetic force to be generated to provide torque
that allows the carriage 10' to rotate with the rotational axis

on the shaft_ 6.

In the conventional magnetic diskunit configured as such,
the magnetic heads 2 detect servo position infoﬁnation written
beforehand on the magnetic disks 1 and the current flowing in
the coil 21 is controlled based on the servo pesition information
in order to position the heads 2 at predetermined tracks on the

magnetic disks 1.

Furthermore, it 1s necesaary to improve the accuracy of
positioningthemagneticheads 2 inorder to increase trackdensity.
For this purpose, it is ir:equired to extend the servo bandwidth
of the head positioning control. In the aforementioned

conventional magnetic disk unit, the servo bandwidth was limited



L]

a’ )

due to the mechanical resonance of the head positioner 5. That
is, the aforementioned head positioning operation performs the
positiening control for a mode in which the head carriage 10
rotates at the center on the shaft 6 as a rigid body (hereinafter
referred to as a rigid body mode). For this reason, the servo
bandwidth of the head positioning operation could be extended
only to such anextent that the inf luenc_e of high-order oscillatory
modes other than the rigid body mode would not cause instability

of the control.

There are three high-order oscillatory modes with large
amplitudes in the rotary head positoner 5. A first high-order
oscillatory mode causes the entire carrlage 10' to oscillate in
the direction perpendicular to the axis of the shaft 6 as a
substantial rigidbody (hereinafter referred to as the quasi rigid
body mode) , the mass of the carriage 10' and the rigidity of the
ball bearings 7. This has a mode shape in which the entire carriage

10! osci_llates in the direction shown by arrow u in Fig. B18.

A second high-order oscillatory mode causes the head arms
11 to deform elastically toward the surface of the magnetic disks
to oscillate (hereinafter referred to as j:he arm sway mode) . This
has a mode shape in which, when the middle head arm 11b is deformed
in the direction shown by arrow q in Fig. B18, the upper and lower
head arms 1lla and llc are deformed in the directions shown by
arrows p and ¢ in the drawing, respectively, the coil allowed
to oscillate in the direction shown by arrow s in the drawing.

Fig. B19 ims a plan view showing the arm sway mode of the head

10
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positioner in the magnetic disk unit according to conventional
example 1. Fig. B19 illustrates schematically the mode shape of

the arm sway mode.

A third high-order oscillatory mode is a mode in which
an in-plane deformation of the*head arms 11 and a translation
displacement of the ball bearings 7 aré coupled to oscillate
(hereinafter referred to as the coupled arm-bearing mode). This
has a mode shape in which, when the respective head arms 1la,
11b, and 1llc are deformed in the direction shown by arrow q and
the coil allowed to oscillate iﬁ the direction shown by arrow
s in Fig. 'B18, the ball bearings 7 translate in the direction
shown by arrow u in the drawing. That is, this mode is such that
the entire carriage 10' is deformed so as to take the shape of
a bow across the centerline thereof. In tﬁis oscillatory mode,
the carriage 10' oscillates in the opposite directions at the
center and at both ends thereof, so that one oscillation nede
appears at each of the sides- of the head arms 11 and the coil
21.

These three oscillatory modes were limiting factors that
limited the sexrvo bandwi@th in a conventional magnetic disk unit.
Fig. B20 is agraph showing the frequency response chara.cteristics
of the head positioﬁer according to conventional example 1.
Referring to Fig. B20, the abscissa axis shows the frequency of
a sinusoidal current for driving the head positioner 5, while
thé ordinate axis shows the displacement. .of the magnetic heads

2 per unit current of the coil 21 in decibels. The resonance peak

11
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shown by arrow “a” in the drawing near 4.7kHz is derived from
the quasi rigid body mode. The resonance peak shown by arrow *b”
in the drawing near 5.5kHz is derived from the arm sway mode.
In addition, the resonance peak shown by arrow “¢” in the drawing
near 6.4Hz is derived from the coupled arm-bearing mode. Therefore ,
the servo bandwidth (gain crossover frequencies) of the head
positioningcontrol can be extended only to such a frequency (about
500Hz) at which these resonance peaks exert no influence on the

stahility of the control.

In view of these circumstances, several techniques to
reduce two types of the high-order oscillatory modes among the
aforementioned three types of high—-order oscillatory modes have
been conventionally suggested for extending the servo bandwidth
of the head positioner 5. As examples, head positioners are
disclosed'in USP No. -4., 620,252 and Japanese Laid-Open Patent
Publication No. Hei-10-162519.

According to the example described in USP No. 4,620,252,
such a head positioner (hereinafter referred to as conventional
example 2) is disclosed which allows two voice coil motors to
be disposed at positions symmetric with respect to a point at
the center at the rotational axis of the head carriage and which

is driven by the couple, in order to reduce the resonance peak

‘of the quasi. riéid body mode. According to this head positioner,

since no translation exéiting force is applied to the rotational
axls, the resonance derived from the quasi rigid body mode is

not generated and thus the servo bandwidth can be extended:

12
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On the other hand, according to an example described in
Japanese Laid-Open Patent Publication No. Hei-10-162519, such
a head positioner is disclosed as is configured to be provided,
on the surface opposite to a head arm to which a head is mounted,
with a member having the same natural oscillation frequency as
that of the head (hereinafter referred\to as conventiona_l example
3) . According to this head positioner, it is asserted that the
resonance peakderived fromthe bent head mode is reduced to extend

the servo bandwidth.

However, it is necessary in the conventional éxample 2
to érrange t;no coils at positions symmetric with respect to the
center axis of rotationof theheadcarriage. Inaddition, magnetic
circuits_ need to be provided on bases opposed thereto,
respectively. Such a specification fo a geometrical position of
a drive force providing-portion of the head positioner will give
a limiting factor to the design of the apparatus. A magnetic disk.
unit has substantially standardized housing" dimensions of
magnetic ciisk units,'which are typically called a form factor.
However, it is necessary, in the aforementioned conventional
rotary head positoner, to place the center axis of rotation of
the head carriage greatly apart from the disks in order to avoid
a mechanical and a magnetic interaction between the drive force
providing portion and the disks. Thus, it is difficult to allow
the head positioner to be- accommodated within the aforementioned

standardized dimensions.

13
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Furthermore, in conventional example 3, it is necessary
to provide a dummy member equivalent to the head on the surface
opposite to the head arm to whiéh a head is mounted, so that an
excessive amount of inertia is to be addéd to the head carriage.
To add an excessive amount of inertia to a pbsition v;ith a large
radius of rotation presented such a problem in that this caused
the moment of inertia to increase and the speed of positioning

was reduced.

§till furthermore, any one of the aforementioned

conventional exampleé wasnot intended for the coupledarm-bearing

mode..

The present invention was developed in view of the
aforementioned problems. Its object is to provide an information
recording or reproducingapparatus thatdoesnot seriouslyprovide
limiting factors in the design of the carriage and provides.
improved head positioning accuracy by eliminating the effects
of the high—~order oscillations derived from the guasi
rigid body mode, the arm sway mode, and the coupled arm—bearing

mode to extend the servo bandwidth to a high frequency.

SUMMARY OF THE INVENTION

A 1°% invention of the present invention is a head
pos 1tionef comprising:

ahead sﬁpportimj means for supporting a head for recording
or reproducing information oh a recordingmediumhaving recording

tracks formed thereon,

14
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a rotate support portion for supporting rotatably said
head supporting means,

a drive means for providing said _head supporting means
with a drive forcé at a predetermined drive point of said head
supporting. means, wherein

said héad supporting means transports said head

substantially in a direction oxrthogonal to said recording tracks -

around a center of a rotational axis in said rotate support portion
to position éaid head at a predetermined recording track of said
recording medium, and ‘

said head supporting means makes an oscillatory direction
of said head in at least one natural vibration mode of a plurality
of natural vibration modes which said head positioner has,
substantiallyparallel toadirectionof a tangent atsuchposition
of a predetermined recoxding track of said recording medium, at
said position of which said head can be provided, and for making
an oscillatory di_.rection of a drive point at least another one
natural vibrationmode substantially perpenciicular toadirection
of said drive force.

According to the head positioner configured as described
above, theoscillatorydirectionof theheadinat least onenatural
vibration mode of a. plurality of natural yibration modes in that
the head positioner has is madeparallel toadirectionof a tangent
of a provided recording track when saidhead is at least positioned

the provided recording track on the said recordihg medium, and

15



for making an oscillatory direction of a drive point at least
another one natural vibration mode substantially perpendicular
to a direction of said drive force. The natural oscillation in
the direction of a head displacement provided at the time of
positioning the head can be preventéd from being excited by the
drive force. _Iﬁ addition, the oscillatory direction of a drive
point in at least another one natural vibration mode is .made_ :
perpendicular to said direction of the drive force, thereby
preventing influence due to the oscillation heing exerted on the
reproduction signals. Consequéently, the servo bandwidth of the
head positioner is not limited by this natural vibration mode
and thus it is possible to realize a head positioner provided

with high head positioning accuracy.

A 20 inven_tion of the present invention is a head
positioner comprising:

a head supportingmeans for supportingahead for recoxding
or reproducing information on a recordingmediumhaving recording
tracks formed therepn,

a rotate support portion for supporting rotatably said
head supporting means, and

a drive means for providing said head supporting means
with a drive force at a predetermined drive poinf of said head
supporting means, '

said head supporting means transporting said head

16
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-subtantially in adirection orthogonal to said recording tracks

around a center of a rotational axis in said rotate support portion
to position said head at a predetermined r_ecordinq track of ;aic_l
recording medium, wherein

sald head supporting means has oscillatory direction
restricting méaﬁs for making an oscillatory direction of said
head in at iéast one natural vibration mode of a plurality of -
natural vibration modes which said head positioner has
substantiallyparallel toadirectionof a line connectingacenter
of said rotate support'portion to said head, and for making an
oscillatorydirectionofadrivepointat léast another onenatural
vibrationmode substantially perpendicular toa direction of said
drive force.

According to the head positioner configured as described
above, theosclllatorydirectionof theheadinat leastonenatural
vibration mode of a plurality of natural vibration modes in that
the head positioner has is made parallel to the direction of a
straight lipe. that connects the center of the support portion
to the head. The natural oscillation in the direction .of a2 head
displacement provided at the time of positioning the head can
be prevented from being excited by thé drive force. In addition,
the oscillatory directiqn of a drive point in at least another
onenaturalvibratiodmodeismadeperpendiculartosaiddirection
of the drive force, thexreby preventing influence due to the

oscillation being exerted on the reproduction signals.

17
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Consequently, the servo bandwidth of the head positioner is not
limited by this natural vibration mode and thus it is pdssible
to realize a head positioner provided with high head positioning

accuracy.

A 3™ iﬁvention of the present invention is a head
positioner according to the 1°** or 2™ invention where in

said head supporting means ¢omprises )

a first arm for supporting said head,

a second arm disposed, at said rotate support portion,
in a direction perpendicular to said first arm, and supplied with
said drive force from saié drive means, and

| a third arm disposed, at said rotate suppoft portion, to
said first arm and having different rigidities each depending
on a direction to the center of said rotate support portion.

The head positioner configured as such allows a third arm
with different rigidit.y to specify the oscillatory directions
of aplurality of natural v.ibration modes that the head positioner
has in two as the directions parallel to and perpendicular to
a straight line that connects the center of the support portion
to the head or a direction of a tangent of a provided recording
track when said head is at least positioned the provided recording
track on the said recording medium. Consequently, the natural
oscillationinthedirectionof headdisplacement canbe prevented

from being excited by the drive force as well as the head from

18



" being affected.by the natural oscillation in the direction of

excitation by the drive forég.

A 6 invention of the present invention is a head
positioner according to the 1%t or 2™ invention where in fourth
arm

said head supporting means comprises

a fourth arm for supporting said head,

a fifth arm disposed, at said rotate support portion, and
disposed at a position displaced by a predetermined angle from
a direction perpendicular to said fourth arm, and suppliéd with
sald drive force from said drive means,

a sixth arm disposed, at said rotate support portion, at
said rotate support poftion,'on a line substantially dividing
a central angle between said fourth arm and said fifth arm into
two angels, in an opposite slde to said first and second arms
with respect to said rotate support portion, and

a natural frequency of said fourth arm and a natural
frequency of sald £1fth arm are apart from each other by two times

or more.

The head positioner configured as such provides a
difference two times or more between the first and second natural
frequencies, thereby making it possiﬁle in the oscillatory
directions of a plurality of natural vibration modes that the

head positioner has in two as the directions parallel to and

19



perpendicular to a straight line that connects the center of the
supportportiontotheheadoradirectionofa tangentofa provided
recording track when said head is at least positioned the provided
recording track on the said recording medium. Consequently, the
natural oscillation in the direction of head displacement can
be prevented from being excited by the drive force as well as
the head from being affected by the natural oscillation in the -

direction of excitation by the drive force.

A 10 invention of the present invention is a The head
positioner according to any one of the 1*%to 9™ inventions
wherein_

said head supporting means is configured so that a center
of mass thereof coincides substantially with a center of rotation

thereof

According to the head positioner configured as such, the
center member is provided with anisotropy rigidity, and the
oscillatory directions of a plufality of natural vibratio.n modes
that the head positioner has can be thereby specified in two as
the direction parallel to and the direction perpendicular to the
- straight _1.'Lne_ that.connects the center of the support portion
to the head .or a direction of a tangent of a provided recording
track when said head is at least positioned the provided recording

track on the said recording medium. Consequently, this allows

20



for preventing the natural oscillation in the direction of
displacement of the head from being excited as well as preventing
the patural oscillation in the direction of excitation due to

the drive force from exerting an influence on the head.

A 13®™ inventionof thepresentinventionisaninformation
recording or reproducing apparatus at least comprising:
the head positioner according to any one of the 1° to

12*- inventions and a recording medium.

According to the information recording or reproducing’
apparatus configuredas such, positioningof the head is perfoxmed
by the said head positioner of the present invention, thus high

head—-positioning accuracy is obtained.

A 14™ invention of the present invention is an
information recording or reproducing ‘apparatus comprising:

arecordingmediumhaving recording tracks £ omed thereon,

a.head for recording or reproducing information on said
recording medium, and . .

a head positioner for positioning said heads at
predetermined recording tracks on sald recording medium, .wherein

said hea& positioner has at least two head arms,

said at least two head arms support zero, or one or more
heads, respectively, and

a head arm for supporting a larger number of heads has
greater support rigidity thana head arm for supp_ortin§ a smaller

numbér .of heads,

21



A 15" invention of the present invention is the
information recording or reproducing apparatus according to the
14*™ invention wherein
y a second moment of area of said head arm for supporting
a'Iarger number of heads is greater than that of said head arm
for suppoiting=a smaller number of heads;-said second moment of
area being derived.from a bending in a plane parallel to said
recoiding medium.

A 19™ invention of.the present invention is the
information recording or reproducing apparatus according to the
18™ invention, wherein

an area of a cross section, parallgl to said recoxrding
mediuﬁ, of said penetrating hole is greater than that of said
head arm for supporting a larger number of heads.
| A 21" inventionof thepresentinventionisaninformation
recbrding or reproducing apparatus comprising:

a recording mediumhaving recording tracks formed thereon,

‘heads for recording or reproducing information on said
recording medium, -

a head positioner, provided on a base, for positioning
saldheads at predetermined recording tracks on said recordmedia,
wherein

said head positioner comprises

a carriage for supporting said heads,

a rotation supportmechanism for supporting rotatably said
carriage at a centerona pf:edetermined rotational shaft provided
‘on said base,

a translation support mechanism for supporting said

22



carriage in a radial direction of said predetermined rotational
shaft with predetermined translation rigidity, disposed between
said carriage and said rotation support mechanism, between said
rotationsupportnmchani&nandsaidbase,érinsidesgidrotation
support mechanism, and

a drive méchanism for providing rotational drive fo:;ces
for said carriage. '

A 27" invention of the present invention is an
information recording or reproducing apparatus comprising:
recording ‘medium having recording tracks formed thereon,
heads for recording or reproducing information on said
recording medium,

a head positioner, provided on a base, for positioning
saidheadsatpredetefminedrecordingtracksonsaidrecordmedia,
wherein | . |

said head positioner comprises

a carriage for supporting said heads,

arotationsupportmechanismforsupportingrotatablysaid
carriage at a center ona predetermined rotational shaft provided
on said base, and .

a drive mechaniam for providing rotational drive forces
for said carriage, - .

sald head positioner has nodes of mode shale of natural
vibration modes of said head positioner coinciding with points
of applicétion of a resultant force of said rotational drive

forces.

BRIEF DESCRIPTION OF THE DRAWINGS
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Fig.Al is a plan view showing a major portion of a magnetic
disk unit according to embodiment 1 of the present invention,

Fig.A2(a) is aplanview showing the_oscillation of a quasi
'rigid.body'mode in the direction parallel to straight line A of
a head posif.ioner in a magnetic disk unit according to embodiment
1 of the presént invention.

Fig.A2 (b) is aplan view showing the oscillation of a quasi -
rigid body mode in the direction perpendicular to straight line
A of a head positioner in a magnetic disk unit according to
embodiment 1 of the present invention.

Fig.A3 is a plot showing the frequency response
characteristics of a head positioner according to embodiment 1
of the present invention.

Fig.A4 is a plan view showing a major portion of a magnetic
disk unit according to embodiment 2 of the present invention.
Fig.A5 is a plot showing the frequency response
characteristics of a head positioner according to embodiment 2

of the present invention.

Fig.A6 isaplanviewshowingamajorpoxrtionof amagnetic
disk unit according.to embodiment 3 of the present invention.

Fig.A7 isaplanviewshowingamajoxrportionofamagnetic
disk unit aocording:to embodiment 4 of the present invgntion.

Fig.A8 is a plan view showing a major portion of a head
positioﬂer of a magnetic disk unit according to embodiment 4 of

the present invention.
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Fig.A9 isaplanviewshowingamajor portionofamagnetic

disk unit according to a prior art.

Fig.Al0 is a plot showing the frequency resi:onse
characteristics of a head positioner of a magnetic disk unit
according ﬁo a prior art.

Fig. Bl is a plan view showing a major portion of a magnetic
disk unit according to embodiment 1 of the present invention.

Fig. B2 is a cross—sectional view showing the vicinity
of aheadpositioner inamagneticdiskunit accordingtoembodiment
1 of the present invention.

Fig. B3 is a perspective view showing a carriage of a head
positioner in a magnetic disk unit according to embodi.ment 1 of
the, present invention.’ -

. Fig. B4 is a graph showing the frequency response
characteristics of a head positioner according to each embodiment
of the present invention.

Fig. B5 is a plan view showing a arm sway mode of a head’
positioner in a magnetic disk unit according to embodiment 1 of
the preéent invention.

Fig. B6 is a graph showing the relationship between the
resonance peak of a arm éway mode and the ratio of arm widths
in embodiment 1 of ﬁe present invention.

Fig. B7 is a perspective view showing a carriage of a head
positioner in a magnetic disk unit according to embodiment 2 of
the present invem;.i‘.ot.i.

Fig. B8 is a perspective view showing a carriage of a head
positionei in a magnetic disk unit according to embodiment 3 of

the present invention.
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Fig. B9 is aplan view showing a major portion of a magnetic
disk unit according to embodiment 4 of the present invention.

Fig. B10 is a plan view showing a carriage of a head
positioner in a magnetic disk unit according to embodiment 4 of
the present invention. |

. Fig. B1l is a side view showing a carriage of a head
positioner in a magnetic disk unit according to embodiment 4 of
the present invention.

Fig. B12 is a graph 'showing the frequency response
characteristics of a head positioner according to embodiment 4
of the present invention.

Fig. B13 is a plan-view showing a coupled arm-bearing mode
of aheadposaitioner inamagneticdiskunitaccordingtoembodiment
4 of the present invention.

Fig. Bl4 is a view showing a driving force of a head
positioner in a magnetic disk unit according to embodiment 4 of
the present invention. _

Fig. Bl5 is a graph showing the relationship between the
resonance. peak of the coupled arm~bearing mode and the position
of a drive.point in embodiment 4 of the present invention.

Fig.Bl6is aplanviewshowingamajorportionof amagnetic
disk unit according to a prior art. _

Fig. B17 is a cross—sectional view showling the vicinity
of a head positioner in a magnetic disk unit according to a prior
art. '

Fig. B18 is a perspective view showing a carriage of a
head positioner in a magnetic disk unit according to a prior art.

Fig. B19 is a plan view showing a arm sway mode of a head
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positioner in a magnetic disk unit according to a prior art.
Fig. B20 is a graph showing the frequency response

characteristics of a head positioner according to a prior art.

[Description of Symbols]
1 Magnetic disk

2 Magnetic head
Spindle motor
Base

Shaft

N s W

Ball bearing

8 Suspension

10, 10a, 10b Carriage

11 Head arm

12, 12a, 12b Coil arm

13a High rigidity portion
13b Low rigidity portion
13c Balance member

14, l4a Center member

14b Hinge portion

l4¢ Slot

15 Coupling member

16, 17, 18, 19 Head positioner
20 Drive mechanism

21 Cail
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23 Permanent magnet

5 Head positioner

i0', 110, 210, 310, 410 Carriage

11a, 11b, 1le, 1llla, 111b, 11le, 21la, 211b, 21lc, 31la, 311b,
31lc, 41la, 41lb, 4llc Head arm '
105, 405 Head positioner

112, 412 Sleeve

113 Elastic member

114, 414 Rotor

413a Parallel plate spring

415a, 415c Notch

421a Main coil

421b Sub coil

DESCRIPTION OF THE PREFERRED EMBODIMENTS

AMagnetic disk units according to the preferred embodiments of

a head positioner and an informatioq recording or reproducing
apparatus of the present invention will be explained below with
reference to Fig.A 1 through Fig.A8. Furthermore, companent
elements that are the same as those of the prior-art magnetic
disk uﬁit are given fhe same reference numbers for pufposes of

explanation.

(Embodiment 1)
Fig.Al is aplan view showing a major poxrtion of a magnetic
disk unit according to embodiment 1 of the present invention.

Referring to Fig.Al, a magnetic disk 1 on which concentric record
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tracks are formedrotatesbymeansof a spindlemotor 3withconstant
angular speed in the direction shown by the arrow. A head 2 that
recoi’:ds-and reproduces information on the magnetic disk 1 is
positioned at a desired recording track of the magnetic disk 1

by means of a head positioner 16.

A carriage 10 provided on the head positioner 16 is
rotatably supported by means of a ball bearing 7 provided on the
shaft 6 secured to a base 4 of the iuagnetic disk unit. The carriage
10 is provided with a cylindrical center member 14, and three
arms consisting of a head arm 11, a coil arm 12, and a balance
arm 13, each having the sl';ape of a cantilever extending outwardly
from the center member 14 . The head arm 11 supports, at the distal
endportionthereof, thehead2viathe suspension8in theiaroximity
of the recording surface of the magnetic disk 1.

The coil arm 12 is provided with a colil 21 of the shape
of a flat plate. A magnet 23 is opposed to the coil 21 via a slight
space therehetween. The magnet 23 is attached to ayoke (not shown)
secured to a base 4. On the side aopposite to the magnet 23 of
the coil 21 is providéd a yoke (not shown) via a likewise slight
space, thus a closed magnetic circuit is formed. The
aforementioned coil. 21 and the said closed magnetic circuit
constitute a known drive mechanism 20, whicﬁ is called a voice
coll motor. The direction of drive force D given to the carriage

10, a movable body, by means of the drive mechanism 20 is parallel
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to a straight 1line “A” that connects the axial center of the shaft

6 to the head 2.

The balance arm 13 comprises a high rigidity Iportion 13a
extending opposite to the head arm 11 from the axis of the shaft
6 that is the center of rotation, a low rigidity portion 13b .
extending in the direction perpendicular to the straight line
“A" from the distal end of the high rigidity portion 13a, and
a balance member 13c that serves as a weight fixed to the distal
end of the low rigidity portion 13b. The flexural rigidity of
the low rigidity portion 13b is set so as to be half or less than
that of the high rigidity portion 13a.

This configuration allows the balance member 13c to be
supported to provide low rigidity in the directicn parallel to
the straight line “A” and high rigidity in the direction
perpendicular to the straight line “A”. That is, the rigidity
of the balance arm 13 has anisotropy. The balance member 13c is
made of a metal with a large specific .gravity such as tungsten.
Tﬁe center of mass of the carriage 10 (the center of gravity)

lies on the center axis of the shaft 6.

The operation of the magnetic disk unit, according to
embodiment 1 of the present invention, is to be explained.
The head 2 reproduces servo position information written

beforehand on the magnetic disk 1 and the current flowing in the
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coil 21 is controlled based on the servo bandwidth to transporf
and position the head 2 so as to oppose a desired record track.
The head positioner 16 allows the carriage 10 to be rotatably
supported by means of the shaft 6 via the ball bea'ring 7. The
carriage 10 is driven by means of the drive mechanism 20 in a
mode in that the carriage 10 is rotated with at the center on
the shaft 6 as a rigid body, that is, in a so—called “rigid body
mode” and transports the head 2 to carry out positioning.

in the above configuration, carriage 10 and each member
connecting thereof and co_il 21 is correspond to a head supportizig
means cof thepresent invention, shaft 6 andbearing 7 are correspond
to a rotate support portion of the present invention, drive
mechanism without coil 21 is correspond to a drive means of the
present invention, the head arm 11 is correspond to the first
arm of the present invention, the coil arm 12 is correspond to
the second arm of the present invention, and the balance arm 13

is correspond to the third arm of present invention.

The bearing used in the rotation support mechanism of the
carriagé 10 is the typical ball bearing 7 like the one used in
the conventional exaxt;pie. ‘In principle, the ball bearing 7
.- restricts degrees of freedom other thén the degree of freedom
of rotation, however, from a microscopic point of view, the ball
bearing 7 has a degree of freedom of moving in the direction

perpendicular to the cénter axis (hereinafter referred to as the
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direction of translation) due to elagtic deformation of the balls
or the race rings. That is, the headpositioner 16 has three degrees
of freedom of a degree of freedom of rotation within a rotational
plane and two degrees of freedoxﬁ (degrees of freedom of
translation) of moving in the two-dimensional direction of
translation. Therefore, thereexist threenatural vibrationmodes
derived from the degrees of freedom of the bali bearing 7. One
of them is the aforementioned rigid body mode, whilé the other
two are the (iuasi rigid body modes in which mainly the bearing
is displaced in the direction of translation. Therefore, it is
necessary to consider the two quési rigid body modes in oxrder
to extend the servo bandwidth of the positioning control of the '

head positioner 16.

The head positioner 16 of the embodiment 1 assigns
(hereinafter referred to as “to specify”) the directions of the
oscillations of these two quasi rigid body modes to predetermined
directions, thereby making one “undetectable” and another'
“unexcitable”. Here being "unexcitable" means that no occurrence
of the oscillaticn is caused by the drive force D. This allows
for eliminating the influence of the quasi rigid body mode in
the head positioning control. Here, being *undetectahle” means
that the occurrence of oscillation in the head positioner 16 would -
not be detected by means of the magnetic head to result in exerting

no effect on positioning. In addition, béing *unexcitable” means
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that the potential existence of an oscillatory mode in the head
positioner 16 would not cause the head positioner 16 to be excited

in this oscillatory mode.

First, theaction for specifyiﬁg theoscillatorydirection
of the quasi rigid body mode will be explained wifh reference
to Fig.A2. Fig.A2 (a) and (b) are plan views showing the
oscillations .of the two guasi rigid bédy.modes of the head
positioner 16, respectively. Furthermore, in the drawings, the
displacements caused by the oscillations are exaggerated for
purposes of explanation as shown by dashed lines. The head
positioner 16 of embodiment 1 provides aﬁisotropy for rigidity
of the balance arm 13 as described in the foregoing. That is,
the balance mémber 13c is supported to provide low rigidity in
the direction parallel to the straight line “"A” and high rigidity
in the direction perpendicular to the straight line “a~.
Accordingly, the balance arm 13 acts as an oscillatorjr aystem
withonedegree of fxreedominthe directioﬁpara llel tothestraight
line “A", Moreover, the balarnce arm 15 acts substantially as a
rigid body in the direction perpendicular to the straight line
“A", ‘fherefore, as shown in Fig.A2 (a), the head positioner 16
constitutes an oscillatory system with two degrees of freedom
of a degree of freedom of translatioril. of the ball bearing 7 and .
the degree of freedomof thebalancearml13inthedirectionparallel

to the straight line “A”".
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By contrast, as shown in Fig.A2 (b), the head positioner
16 constitutes an oscillatory system with one degree of freedom
inwhich the balance arm 13 displaces integrally with the carriage
10 in the direction perpendicular to the straight Iine “A".
Therefore, the dynamic balances of forces are different fromeach
other in the directions perpendicular to and parallel to the
straight line “*A”. Even with the rigidity of fhe ball bearing
7 itself being isotropic, this causes the oscillation of the quasi
rigid body mode to be (:{ivided into two oscillations as an
oscillation in a first quasi rigid body mode in the direction
parallel to the straight line “A” and an oscillation in a second
guasi rigid body mode in the direction perpendicular to the
straight line *A”. In addition, the frequencies of oscillation
of both modes are different from each other. Thus, the head
positioner 16 of embodiment 1 allows the balance arm 13 to specify
one of the potential quasi rigid body modes in the direction
parallel fo the straight line “A” and the other in the direction

perpendicular to the straight line “aA”.

Next, the reasén"why the oscillations of the two quasi

' rigid body modes exert no effect on head positioning will be

explained. The oscillation of the first quasi rigid body mode
in the direction parallel to the straight line *A” shown in Fig.A

2 (a) is excited by means of drive force D. However, the direction
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P of the oscillation of the head 2 on the recording track on which
the head 2 is positioned on the magnetic disk shown in Fig.Al
isparallel to the tangent of a recording track ana has no component
in the direction (the direction of head positioning) of the
displacement of the head___z. Therefore, the'positioning of the
head 2 will néver be affected by this oscillation.

On the other hand, for the second quasi rigid body mode
in the direction perpendicular to the straight line “A” shown
in Fig.A2 (b), the direction of oscillation at the point of
application of the drive forqe D intersects orthogonalll’r that
of the drive force D, so that the head positioner 16 would not
be excited by means of the drive force D even when an oscillatory
mode would potentiélly exist. Therefore, none of these two
oscillations of the quasi rigid body mode can exert an effect

upon head positioning.

For simplicity, an explanation has been given on the
prec.:onditio-n that there exists no elastic deformation of the head
arm 11 and the coil arm 12 in Fig.A2. However, it is necessary
in an actual design of the head positioner 16 to consider the
elastic deformation o;f .both arms to determine the rigidity of
the balance arm 13 so that the oscillatory direction of the head
position in the first quasi rigid body mode is parallel to the
straight line "A” and the oscillatorydirection of the drive point

in the second quasi rigid body mode is perpendicular to the drive
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force D. More specifically, this rigidity can be determined by
selecting appropriately the cross-sectional shape and lengfh of
thebalancearml3. The degreeé of freedomof des igncanbe inéreased
by making the angle between the longitudinal direction of the
low rigidity portion 13b with the straight line “A” less than

90 degrees by 5 to 10 degrees.

Furthermore, the head positioner 16 of embodiment 1 is
of a rotary type.and thus the carriage 10 needs to rotate-
approximately 20 deg:_:'ees between the innermost re_cording trac-k
and the outermost recording track. Therefore, the straight line
"A” cannot bemadeparallel tothe tangents toall recordingtracks.
However, the absolute values of the angles between tangents to
the record tracks and the straight line “A” are designed to be
substantially equal to each other between the innermost recording
track and the outermost recording track_. This is, for example,
achieved by constructing carriage 10 as shown in Fig. 1, so that
the straight line "A" is substantially equal to the tangent from
the position of the head 2 on a certain recording track. And the
recording track is located where each distancé from the outermost
record.-i.ng track and from the innermost recording track is equal
or substantially equal on the magnetic disk 1. This aliows the
- effect of the quasi rigid body mode fo be suppressed to a minimum
and provides substantially the same effect, even if the head 2

is positioned on any recording track of the magnetic disk 1.,
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as in the case where the straight line “A” is made parallel to

a tangent to a recording track.

Fig.A3 is agraph showing the measurements of the frequency
reéponse characteristics of the head positioner 16 according to
the embodiment 1. Referring to Fig.A3, the abscissa axis
represents the frequency of a drive current, while the ordinate
axis represents the displacement, per unit. current, in the
directionof headpositioning. InFig. A.3 . the peaks shownby arrows
“a” and *b” are the resonance derived from two guasi rigid body
modes. Compared with the frequency response éhara'c_teristics of
the conventional head positioner -sho-wn in Fig.Al0, the resonance
peak value shown by arrow “*a” has been greatly suppressed,
resulting in good frequency characteristics. The peak shown by

arrow *c” is a peak derived from the arm sway mode.

Asdescribedabove, theheadpositioner16of the embodiment
1 specifies two quasi rigid body modes to be parallel to and
perpendicular t.o tangents to recording tracks, respectively, by
the combina.tion of the degree of freedom of bending of the balance
arm 13 having anisotropy and the degfee of freedom of translation
of the ball lqearing 7. This allows for making the first quasi
rigid body mode “undetectable” and the second qua-.'si rigid body
mode “unexcitable”. Consequently, this allows OS.cillaitions to

be eliminated without exerting an effect on head positioning and
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the servo bandwidth of the head positioning control to be extended
without being limited by the quasi rigid body mode, thereby

providing improved accuracy of positioning.

Furthermore, the head positioner 16 of the embodiment 1
is provided with the balance member 13c to allow the center of
mass of the carriage 10 to substantially coincide with the center
of rotation. This allows no rotational force to be produced even
.by the application of oscillations due to disturbance and thus
allows for maintaining highly accurate positioning. Moreover',
" one balance member 13c is allowed to serve as means for specifying
the osciliatory direction of the quasi rigid body mode and to
serve also as means for ﬁaking the center of mass of the carriage
10 coincide with the center of rotation, thereby simélifying the
structure of the carriage 10.

In addition, since the balance member 13c is made of a
material with a large specific gravity such as tungsten, the
balancemember 13c canbedisposed v.vithin asmall rotational radius.
Therefore, the carriage 10 can be balanced without increasing
the moment of inertia too much.

Furthermore, e;:ﬁianation has been given of the head
po_éi_tioner 16 of embodiment 1 in which the balance arm 13 is
configured sé that the rigidity in the direction parallel to a
tangent to a recording track iS lower than that in the direction

perpendicular to the tangent to the recording track. On the
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contrary, 1:he_ balance arm 13 may be configured so that the rigidity
in the direction perpendicular to a tangent to a recording track
is lower than that in the direction parallel to the tangent to
the recording track. The same effect can be obtained regardless
of whether the direction of the anisotropy of the rigidity is

parallel to or perpendicular to the tangent to the recording track.

Furthermore, explanation has been given of an example in
which the balance aﬁn 13 is provided as the means for specifying
the oscillatory direction of the quasi rigid body mode. However,
other components of the carriage 10 may be configured to ha’ve
the anisotropy of the rigidity. For example, the carriage 10 and
the ball bearing 7 may be configured to have an elastic member
with anisotropic rigidity interposed therebetween. In addition,
other components other than the carriage 10 may be confié‘ured
to have anisotropy. For example, the same effect can be obtained
from the configuration in which the ball bearing 7 itself, the
shaft 6 journaled in the ball bearing 7, or the support member
therepf may be provided with an elastic member having anisotropic

rigidity.

(Embodiment 2)
Aheadpositioner and information recording or reproducing
apparatus, according to embodiment 2 of the present invention,

will be explained below with reference to Fig.A4, a magnetic disk
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being taken as an example. Fig.A4 is a plan view showing a major
portion of the magnetic disk unit according to embodiment 2 of
the present invention. The magnetic disk unit according to
embodiment 2 has the same configuration as that of said embodiment
1 except for a head positioner 17 and thus the same reference
numbers are given to the same components with their explanations
being omitted. The difference between the magnetic disk unit of
embodiment 2 and that of embodiment 1 lies in that the head
positioner 17 has a coupling member 15 for comnecting the head
arm 11 to the coil arm 12, The coupling member 15 is made of the
same material as the head arm 11 and the coil arm 12, integrally
therewith. Moreover, Fig.A4 shows only one head arm 11, however,
in cases where a plurality of head arms are provided (not shown),

each of the head arms may be connected to the coil arm 12.°

The magnetic disk unit, configured as such, according to
embodiment 2 has a further effect of extending the servo bandwidth
by means of the coupling member 15 provided as vjvell as the effect
obtained by .substantially'the same action as that of the head
positioner 16 of said embodiment 1. When the influence of the
quasi rigid body mode has been eliminated in the head positioner
16 of embodiment 1, another facﬁor-limiting the seérvo bandwidth
is the resonance de_rived from the bending mode of the head arm’
11. In the frequency characteristics of the head positioner 16

of embodiment 1 shown in Fig.A3, the peak shown by arrow “c” is
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a resonance peak derived from the bending mode of the head arm
11. The oscillation in this bending mode of the head arm 11 causes
the head arm 11 and the coil arm 12 to bend with inverse phase
with each other in a plane. That is, such an osciliatory mode
is present that the distal ends of the head arm 11 and coil arm

12 come close to each other and more away from each other.

The head positioner 17 .of embodiment 2 is configured so
as to increase the rigidity of the arm against this oscillatory
mode to increase the resonance frequency of the natural
oscillation by providing the coupling member 15 between the head
arm 11 and the coil arm12. Fig.A5 is a graph showing the frequency
response characteristics of the.head positioner of embodiment
2. In Fig.A5, the resonance peak shown by arrow “c”, which is
found in Fig.A3 of embodiment 1, has disappeared, resulting in
good characteristics over a wide range of frequencies.

'As described above, thé magnetic disk unit,l according to
embodiment 2, enables extending further the servo bandwidth by
pi‘oviding the coupling member 15 between the head :;.rm 11 and the
coil arm 12 i_n addition to the effect provided by the magnetic
diskunitof e.mbodimentil'. Consequently, this allows forproviding
. improved accuracy of positioning and realizing a magnetic disk.

unit with a higher track density.

(Embodiment 3)
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A magnetic disk unit as a head positioner an information
recording or reproducipg apparatus, according to embodiment 3
of the present invention, will be explained below with réference
to Fig.A6. Fig.A 6 is a plan view showing a maj of portion of the
magnetic disk unit according to embodiment 3 of the present
invention. The magnetic disk unit according to embodiment 3 has
the same configuration as that of said embodiment 1 except for
a head positioner 18 and thus the same reference numbers are given

to the same components with their explanations being omitted.

Referring to Fig.A6, a carriage 10a provided on the head
positioner 18 is rotatably supported by means of a ball bearing
7 provided on the shaft 6 secured to a base 4 of the magnetic
disk unit. The carriage 10a is provided with a cylindrical center
member 14, and three arms consisting of a head arm 11, a coil
arml2a, andabalancearml1l3d, eachhaving the shape of acantilever
extending outwardly from.the center member 14. The head arm 11
supports, at the distal end portion thereof, the head 2 via the
suspension 8 in the proximity of the record surface of the magnetic
disk 1.

The co.il arm 12a is provided with a coil 21 of the shape
- of a flat plate. Amagnet 23 is opposed to the coil 21 via a slight
clearance therebetween. The magnet 23 is attached to a yoke (not
shown) secured to the base 4. On the side oppé’.‘:site to the magnet

23 of the coil 21 is provided a yoke (not shown) via a likewise
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slight space, thus a closed magnetic circuit is formed. The
aforementioned coil 21 and the said closed magnetiec circuit
constitute a known drive mechanism 20, which is called a voice

coil motor.

A straight line “B” connecting the point of application
of drive force D of the coil arm 12a to the center axis of the
shaft 6 forms an angle of 80 degrees with straight line “A~"
connecting tl';e center axi;s of theshaft6tothehead2. Thedirection
of the drive force D given to the carriage 10a, a movable body,
by the drive mechanism 20 is perpendicular to the straight line
"B”. On both sides of the portion close to the coupling portion
of the center member 14 of the coil arm 12a, provided is a
semi—circular notched portion 12b.

This notched portion 12b causes the bending rigidity of
the coil arm 12a to decrease. By this notched portion 12b, the
natural frequency determined by the ratio of the_ bending rigidity
of the coil arm 12a to the equivalent mass (hereinafter refe.rred
to as single natural frequency) is set so as to be half or less
the single natural frequency of the head arm 11,

In the magnetic disk unit according to embodiment 3, the
~ single natural frequency of the head arm 11 is set to 7.5kHz,
while thé single natural frequency of the coil amm 12a is set
to 3.5kHz.

In the above configuration, the head arm 11 is correspond

43



to the fourth arm of the present invention, the coil arm 12a is
correspond to the fifth arm of the present invention, and the

balancearm13discorrespondtothe sixtharmofpresent invention.

The balance arm 13d is disposed opposite to the head arm
11 and the coil arm 12a lwith respect to the center member 14 on
a line that substantially bisects the central angle between the
head arm 11 and the coil arm 12a, provided with the balance member’
13c fixed to the distal end thereof. The single natural frequency
of the balancé arm 13d is set to a sufficiently higher value than
the single natural frequency of the coil arm12a. In this magnetic
disk unit of embodiment 3, the single natural frequency of the
balance arm 13 is set to 20kHz. The balance arm 13d is made of
ametal with a large specif_ ic gravity such as tungsten. The center
of mass of the carriage 10a lies on the center axis of the shaft

6.

The head positio_ng:_: 18 of the magnetic diskunit, according
to embodiment 3, configured as such can cbtain substantially the.
same effect as the head positioner 16 of embodiment 1. In said
head positioner 16 of émimdiment 1 shown in Fig.Al, the rigidity
" of the balance arm 13 has anisotropy in the directions parallel
to and perpendicular to the straight line “A”". This allows for
forminganoscillatory systemwith onedegree of freedombyelastic

deformation in the direction parallel to the straight line “A”
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andallows for actingas substantiallyarigidbodyinthedirection
perpendicular to the straight line “A”. This is combined with
the degree of freedomof translation of theball bearing 7, thereby
specifying the two quasi rigid body modes to be paralllel to and
perpendicular to a tangent to a recording track, respectively.

In the head positioner 18 of the embodiment 3, the coil '
arm 12a acts substantially in the same way as the. balance arm
13 of embodiment 1. That is, thisallows for forming anoscillatory
system with one degree of freedom by elastic deformation in the
direction parallel to the straight line “"B” and allows for acting
as substantially a rigid body in thé direction perpendicular to

the straight line “B”.

Furthermore, siﬁce the head arm 11 ana the balance arm
13d are set to a sufficiently higher single natural frequency
thanthecoilarml2a, bothcanbe consideredarigidbody. Therefore,
this allows for forming an oscillatory system of two degrees of
freedom having the combination of thé degree of freedomof elastic
deformation of the coil arm 12a and the degree of freedom: of
translation o_f the ball bearing 7 in the direction perpendicular -
to the straight line ;'B;'. On tﬁe other hand, this allows also
" for forming an oscillatory system of one degree of freedom only
of translation of the ball bearing 7 in the direction parallel
to the strajight line “B”. Therefore, of the two quasi rigid body

modes, the firstquasi rigidbodymode is specifiedinthedirection
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perpendicular to the straight line *B”, whereas the second quasi
rigid body mode is specified in the direction parallel to the
straight line “B”.

Since the direction of drive force D is perpehdicular to
the straight liﬁe. “B”, the second quasi rigid body mode will not
be excited even if the mode potentially exists, and nooscillation
is produced in practice. On the other hand, the first quasi rigid
body mode is excited by the drive force to cause an oscillation
to occur. However, since theoscillatorydirection at theposition
of the head 2 is parallel to recording tracks, the head 2 will
notdetecttheoscillation.Tnerefore,thefirstquasirigidbody

mode will never exert an effect on the positioning control system.

Furthermore, strictly speaking, a rotational moment
occurs on the carriage 10a as a reacting force against the elastic
deformation of the coil arm 12a to cause the rotational motiomn
at the center on the shaft 6 to be generated. However, in the
head position_er 18 of'_the embodiment 3, the angle between the
sfraight line A" and straight line “B” is set to 80 degrees,
that is, or ;.ess th_an 90 degrees. This makes the oscillatory
direction of the carriégé 10a substantially parallel to a tangent
" to a recording track at the position.of the head 2 when the
translation motion and the rotational motion are combined.
Consequently.,' this rotational motion will never affect the

positioning control.
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The headpositioner 18 in themagneticdisk unit, according
to the embodiment 3, can extend the servo bandwidth of the head
positioning control without being limited by the quasi rigid body

mode and provide further improved positioning accuracy.

(Embodiment .4)

A head positioner and an information recording or
reproducing -a.ppaz'-atus, according to embodiment 4 of the present
invention, will be explained below with reference to Fig.A7 and
Fig.A8, with a magnetic disk unit és an example. Fig.A7 is a plan
view showing a major portion of the m_agnt-;tic disk unit accoraing
to embodiment 4 of the presenf invention. Fig.AB is a plan view
showingacarriage1l0bof Fig.A7. Themagneticdiskunit, accoxding
to embodiment 4, has the same configuration as that of said
embodiment 1 except for a head positloner 19 and thus the same
reference numbers are given to the same components with their

explanations- being omitted.

Referring to Fig.A7, a carriage 10b provided on the head
positioner 19 is rotatably supported by means of a ball bearing
7 provided on the shaft 6 sgcured to a base 4 of the magnetic
disk unit. The carriage 10b is provided with a cylindrical center
member l4a, and three arms consisting of a head arm 11, a coil

arm12b, andabalance arm13d, each havingthe shape of a cantilever
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extending outwardly from the center member l4a.

The headarm 1l supports, atthedistal endportionthereof,
the head 2 via the suspension 8 in proximity of the record surface
of the magnetic disk 1. The coil arm 12b is provided with a coii
21 in the shape of a flat plate. A magnet 23 is opposed to the
coil 21 via a slight clearance therebetween. The magnet 23 is '
attached to a yoke (not shown) secured to the base 4. On the side
opposite to the mégnet 23 of the eoil 21 is provided a yoke (not
shown) via a ]:ikewise slight space., thus a closed magnetic; circuit
is formed. The aforementioned coil 21 and the said closed magnetic
clrcuit constitute the known drive mechanism 20, which is called
a voice coil motor. The direction of the drive force D given to
the carriage 10b, a movable body, by the drive mechanism 20 is
parallel to the straight line *A* that connects the axial center

of the shaft 6 to the head 2.

The balance arm 13d is disposed op;:;osite to the head arm
11 and the coll arm 12b with respect to the center member 14a
on a line that substantially bisects the central angle between
the head arm 11 and the coil arm 12b, provided with the balance
member 13c¢ fixed to the distal end thereof. Thé balance arm 13c
is made of a metal w.ith a large specific gravity such as tungsten.
The center of mass of the carriage 10 lies on the center axis-

of the shaft 6.
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As shown in Fig.A8, there are provided.two slots l4c
(penetréting holes) in the shape of a circular arc, symmetrically
with respect to a line pefpendicular to the straight line “A”",
and the carriage 10b is coupled to the ball bearing 7 only at
two hinged portior}s 14b. THe two hinged portions 14b are disposed
on a line perpendicular to the straight line “"A”", respectively,
and can be elastically deformed only in the direction parallel
to the straight line “A”. TThe carriage 10b is supported by means
of the center member 14a to provide low rigidity in the direction
parallel tothe straightline *A” andhighrigidityinthedirection
perpendicular to the straight line “A”. Each single natural
frequency of the head arm 11, coil arm 12b, and the balance arm
13d is set to a sufficiently higher value than the single natural
frequency of the center member 14a.

In the above configuration, the head arm 11 is correspond
to the seventh arm of the present invention, the coil arm 12b
is correspond to the eighth arm of the present invention, and
the balance arm 13d is correspond to the ninth arm of present

invention.

The mégnetic disk unit, according to embodiment 4,

- configured as such can obtain substantially the same effect as
the head positioner 16 of embodiment 1. In said head positioner
16 of embodiment 1l shown in Fig.Al, the rigidity of the balance

arm 13 has anisotropy in the directions parallel to and
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perpendicular to the straight line “A”. This allows the balance
arm 13 to act as substantially a rigid body in the direc_tion
perpendicular to the straight line “A”. This is combined with
the degree of freedomof translationof theball bearing 7, thereby
making the two quasi rigid bodymodes parallel to and perpendicular

to a tangent to a recording track, respectively.

In the head positioner 19 éf the embodiment 4, the center
member 14a aci‘.s substantially in the same way a§ the balance arm
13 of embodiment 1. That is, the carriage 10b is supported by
means of the hinged portions 14b t;: provide low rigidity in tﬁe
direction parallel to the straight line “A” and high rigidity
inthe directioﬁ perpendicular to the straight line “A”. Moreover,
the head arm 11, coil arm12b, and the balahce arm 13d are provided
with a single natural frequency sufficiently hig‘her tha_n that
of the center member 1l4a and thus can be regarded as rigid bodies.
. Therefc;re, this allows-the carriage 10b to form an oscillatory
system of two degrees of freedom having the combination of the
degree of freedom of elastic deformation of the centerx member
14a and the degree of freedom of translation of the ball bearing
7 in the directlon pa;:allel to the straight line *A”. On the othér
hand, this allows also for forming an oscillatory system of one
degree of freedom only in translation 6f the ball bearing 7 in
" thedirectionperpendiculartothestraight line “A”. Consequently,

of the two quasi rigid body modes, the first quasi rigid body

50



mode is specified in the direction parallel to the straight line
“*A” whereas the second quasi rigid body mode is specified in

the direction perpendicular to the straight line “a".

Since the direction of drive force D is parallel to the
straight line “A”, the second quasi rigid body mode wili not be
excited even if the mode potentially exists, and no oscillation
is produced in practice. On the other hand, the first quasi rigid
body mode is ‘excited by the drive force to cause an oscillation
tooccur. However, since theoscillatorydirection at the position

of the head 2 is parallel to recording tracks, the head 2 will

not detect the oscillation. Therefore, the first quasi rigid body

mode will never exért an effect on the positioning control systém .
The head positioner 19 in the magneticdisk unit, according .

to the embodiment 4, can extend the servo bandwidth of the head

positionimj control without being 1imited by the quasi rigid body

mode and provide further improved positioning accuracy.

Moreover, the explanations have been given to a magnetic
disk unit as an example in embodiments 1 through 4, however, the
present invention is not limited thereto but can also be applied,
for example, to an optical disk unit. That is, positioning a head
so as to oppose a recording track 6f a recording medium by using
the head positioner allows tﬁegﬁi:ésent invention to be applied

to any apparatus for rebording or reproducing information.
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Likewise, the'apparatu's, not limited to a disk-—shaped
recoxrdingmedium, maybe such that employs a tape~shaped recordiﬁg
medium.

Moreover, in the explanation of the head positioning'
mechanism of each emboaiment of the present invention, there a
following condition: (A)the straight limne "A" connecting the
center of the shaft 6 of qarriacje 10 and the head 2,

(B) (_one of) the di;rectioﬁ(s) of the bearing transition mode
which is not‘orthcgonal to the direction of the driving force
D and

{(C) the tangent of the recording track when the head 2 is
positioned on the recorﬂing track including the position of the
head 2

are gll equal or parallel.

.Hov':evezl' » the effect of the present invention is given by being
satisfied that at least (B) and (C) are all equal or parallel.
Thus, as the present invention, the explanation has been given
to anembodiment with a rotary head positoner, however, the present
invention can also be applied to an information recording or
reproducing apparatus having a reciprocally movable head
positioner. Moreover, in a swingable head positioning mechanism,
even if the configuration (A) is .not provided to the carriage
10, the present invention is realized only with the configuration
(B). and (C). : '

Furthermore, expignation has been given to an embodiment
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withavoice coilmotor asmeans for generatingdrive foxrce, however,
the drive means may be any other type such as an electromagnetic
type, an electrostatic type, or piezoelectric type other than

the voice coil motor.

As described above the head positioner and the information-
recérding or repraducing apparatus, according to the present
irivention, is provi_ded wi‘th the means that make the oscillatory
direction at the position of the head in at least one natural
vibration mode among the natural vibration modes in that the head
positioner is substantially parallel to a tangent to a recording
track, and makes as well the oscillatory direc_:tion of the' drive
paint in at least one natural vibrat.ion mode substantially
perpendicular to the resnltant force of the aforementioned drive
forces. Therefore, the present inventioncaneliminate the effect
of mechaniocal resonance that has been a limiting factor in sexvo
bandwidth of the head positloning control to extend the servo
bandwidth. This allows for providing improved head positioning
accuracy. The present invention makes it possible to ensure a
servo bandwidth of 1.1kHz on a magnetic disk unit with a 3.5-inch
disk. Consequently, this allows an information recording or
re_producing apparatus with a high track density to be realized.

Next, magnetic disk units, according to the preferred
embodiments of an information recording or reproducing apparatus
of the present invention, will be explained below with- reference
to Fig. Bl through Fig. Bl5. Moreover, component elements that

are the same as those of the prior-art magnetic disk unit
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(hereinafter referred to as prior art embodiment 1) shown in Fig.
Bl6 through Fig. B20 are given the same reference numbers for
purpases of explanation.
{(Embodiment B1l)

Fig. Bl is a plan view showing a major portion of a magnetic
disk unit according to embadiment Bl. of the present invention .
Fig. B2 is a cross—sectional view showing the vicinity of a head
positioner in a magnetic disk unit according to embodiment Bl
of the presén_it invention, Fig. B3 is a perspective view showing
a carriage of a head positioner in a magnetic disk unit according

to embodiment Bl of the present invention.

Referring to Fig. Bl through Fig. B3, two magnetic disks
la and 1b, onwhich concentric recording tracks are formed, rotate
by means of a spindle motor-3 with constant angular speed. Four
magnetic heads 2a, 2b, 2&, and 2d, which record and reproduce
information on each of the four recording surfaces of the magnetic
disks 1, are supported close to the recording surfaces by means
of suspensions 8, respectively. The magnetic heads 2a, 2b, 2c¢,
and 2d are tr_ansported bymeans of ahead positioner 105 toposition
iﬁ order to oppose desired recording tracks of the magnetic disks
1.

A carriage 110 of the head positioner 105 is .rotatably
disposed, at the shaft 6 center, by means of two ball bearings
7 provided on the shaft 6 secured to a ba.se 4 of the inagnet:l.c
disk unit. However, the carriage 110 is provided with a sleeve
112 for helding the ball bearings, and a f_otor 114.. The rotor
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114 is attached to the sleeve 112 via an elastic member 113. The
elastic member 113 is filled with effervescent resin having a
viscoelasticity, with the rigidity thereof set so as to have a
natural frequency, which is determined by the spring constant
thereof and the mass of the rotor 1i4; approximately equal to
_110Hz.

The rotor 114 comprises three head arms 1lla, 111b, and
111c, whichhave a predetermined length fromthe center of rotation
in the radial.direction. The head arm 11la is provided, on the
distal end portion thereof, with a head 2a via the suspensions
8.Iheheadarmlllhisprovided,onthedistalendportionthereof,
with heads 2b and 2¢ via the suspensions 8. The head arm 1lllc
is provided, on the distal end portion thereof, with a head 2d
via the suspensions 8. That is, the head arm 11la disposed above
the magnetic disk la (when viewed toward the surface of the page
of Fig. B2) and the head arm 11llc disposed below the magnetic
d;sk 1b (when viewed in the same direction) support one head.
On the other hgnd, the head arﬁ 111b disposed between the two
magnetic disks la and 1b supports two heads. Eéch of the head
arms 1ila, 111lb, and 1llc has the same thickneas. In addition,
the head arm llla-and-lllc has the same planar shape, whereas
thehead arm1l1lb is larger in the spread angle compared therewlith,
with the head arms 111a and.111c being 75% the width of the proximal
endof theheadarm111b. That is, theheadarm1llb is approximately
two times larger than the head arms' 11la and 1llc in the second
momenﬁ---bf area produced by the deflection of the magnetic disks

1 toward the. surfaces thereof. Furthermore, the magnetic heads -
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2a, 2b, 2c¢, and 2d have the game shape.

There is provided a planar coil 21 opposite to the head
arms 111 across the center of rotation of the rotor 114. There
is disposed a permanent magnet 23 opposite to the coil 21 with
a predetermined space maintained therebetween, the permanent -
magnet 23 and the coil 21 forming a drive mechanism 20 that is
typically called a voice coil motor. The interaction between the
magnetic flux generatéd by the permanent magnet 23 and the current
flowing in thé portion of the coil 21 (a side extending in the
radial direction) that cuts the magnetic flux causes an.
electromagnetic force to be generated to provide torgue that
allows the carriage 110 to rotate w.ith the rotational axis on
the shaft 6. Since the distribution of the magnetic flux is
substantially uniform on the surface of the permanent magnet 23,
the distribution of the electromagnetic force generated is also
substantially uniform. Therefore, as shown in Fig. Bl, when the
electromagnetic force is expressed as a concentrated force
(resultant force) £, the point of application of the force can
be considered to lie on an'arc equally distant £rom the perimeter
(inner perimeter) near the ghaft 6 and from the perineter distant
therefrom(outerperimeter).Here,moreover,therotatioﬁsupporf
mechanism of the present.invention cérresponds to the shaft 6
and the ball bearings 7 of the embodiments, while the translation
support mechanism of the present invention corresponds to the

elastic member 113 according to the embodiments.

The operation of the magnetic disk unit, according to’
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embodiment B 1 of the present invention, with such a configuration

as described above is to be explained.

The basiec operation is the same as that of conventional
example 1. That is, the magnetic heads 2 reproduce known servo
position information written beforehan& on the magnetic disks
1 and the current flowing in the coil 21 is controlled based on
the servoposition informatioﬁ to transport and position the head
2 so as to gppose desired recording tracks. The head positioning
operation performs positional control in a mode (hereinafter
referred to as a rigid body mode) which allows the carriage 110
to rotate as a rigid body around the center axis of the shaft

6. The servo bandwidth (gain crossover frequency) is set to 1kHz.

As described above, the servo bandwidth of the magnetic
disk unit of the conventional example 1 was 1imited by a resonance.
peak caused by high—order oscillation modes other than the rigid
body mode of the head positioner 5, that is, the guasi rigid body
mode, thearm swaymode, and the coupled arm-bearingmode. However,
in these embodiments, the quasi rigid body mode 1s stabilized
by means of placing the resonance frequency sufficiently apart
from the servo bandwidth (gain crossover frequency) . On the other
hand, concerning the arm sway mode and coupled afm—bearing mode,
the servo bandwidth has been drastically improved by reducing

the resonance peak tremendously.

First, the operation concerning the quasi rigid body mode
is described. In the head positioner 105, the shaft 6, a fixing
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portion, is prov.:i.ded with the sleeve 112 (first mass) via the
ball bearings 7 (a first spring) having translation rigidity.
In addition, "che sleeve 112 is provided with the rotor 114 {second
mass) via the elastic member 113 (a second spring). Such a
configuration can be considered to form a “mass-spring system”
with two degrees of freedom in series iﬂ the directipn of

translation.

In ger_leral, .a translation oscillatory system with two
degrees of freedom in series has two oscillatory modes in the
direction of translation. In the embodiments, the first
translation oscillatory mode allows the sleeve 112 and the rotor
114 to oscillate in phase with each other, ﬁhiie the second
translation oscillatory mode allows the sleeve 112 and the rotor

114 to oscillate 180" out of phase with each other.

For thé first translation oscillatory mode, the
translationrigidityof theelasticmember 113 is set sufficiently
smallerthanthat of theballbearings 7, therebymakingthe ns.tural
~ frequency thereof equal t6 110Hz and thus making it sufficiently
small relative to the crossover frequency. In a&dition, for the-
second translation oscillatory mode, the mass of the sleeve 112
is set sufficiently smaller than that of the rotor 114,’thereby
making the natural frequency thereof equal to 18kHz and thusmaking

it sufficiently large relative to the crossover frequency.

Both of these two oscillatorymodes can be excited by means

of the drive force generated in the coil 21, and as shown. in Fig.
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B3, resonance can occur in the direction shown by arrow u in the

drawing.

However, in this embodiment, the resonance frequencies
éaused by the two oscillatory modes are both placed apart
sufficiéntly from the servo bandwidth, being adapted not to caunse
instability in the controi. Moreover, the elastic member 113
employs resin with viscoelasticity, thereb& making the modal

damping ration large to provide more improved stability than ever.

" Fig. B4 is a graph showing the frequency response
characteristics of the head positioner 5 according to the
embodiment Bl of the preseni: invention. In Fig. B4, the abscissa
axis .indicates the- frequency of a sinusoidal current for
activating the head positionér 5, while the ordinate axis
indicates in decibels the displacement of the magnetic heads 2
per unit current of the coil 21. A resonance peak,- near 110Hz,
shown by arrow “a” in Fig. B4 is derived from the first quasi
rigid body mode. The resonance peak is sufficiently apart from
1kHz of servo bandwidth (a gain crossover frequency) with a
sufficiently large attenuation ratio, not exerting effects on
the atability of control. Furthermore, é resonance peak derived
fromthe secondquasi rigidbodymode does existnear 18kHz, however,

the peak does not appear inFig. B4 because of a small gain thereof.
Next, the operétion relating to the arm dway mode is

explained. The arm sway mode provided for-the head po_sitioner

105 in the magnetic disk unit, accordi'hg' to the embodiment Bl,
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is a mode in which, as shown in Fig. B3, the upper and lower head
arms 11la and 111c are deflected in the directions indicated by
arrows p and r, respectively, when the middle head arm 111b is
deflected in the direction shown by arrow “q”. Here, Fig. B5 is
a plan view showing 1_:he arm sway mode head positioner in a magnetic

disk unit according to embodiment Bl of the present invention.

Fig. B5 illustrates schematically the shape of the arm sway mode. . .

The arm sway mode of this embodimenht is similar in shape -
to that of‘ tile aforgmentioned conventional example 1 shown in
Fig. Bl4. However, they are different from each other in that
the conventional example 1 allows the coil 21 to oscillate in
the direction shown by arrow s in the drawing, whereas this

emhodiment does not allow the coil 21 to oscillate.

In‘general, the natural vibration modes of a mechanical
structure with a multi-degree-of-freedom system are formed by
a condition in which the inertial force and elastic force in each
degree of freedomare dynamically inbalance in the entire system.
The arm sway mode is one of the multi—degree-of-.—freedom
oscillatory modes, being formed by the coupling of the deflection
of the respective head armg 111a, 111b, and 111l¢, the deflection
of the coil 21, and the translation of the rotor 114.

.From the point of view of dynamics, it is found that the
necessary condition in that the oscillation at the position of
the coil 21 (a2 component of the eige;wector) in the arm sway mode

is equal to zero is givén when all head arms have the same ratio
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of equivalent r-igidity to the_equifralent mass of each head arm
(hereinafter referredtoas the armbalance condition). This state
gives the inertial force and elastic force internally balanced
in the respective head arms. Under this condition, such a

configurétion is made possible as makes portions other than the
headarmof therotorll4 includiﬁg thecoil2lanodeofoscillation.
On the contrary, when the armbalance condition is not satisfied,
any configuration employed allows a dynamic balance to be kept
to form the arm sway mode with the coil 21 being oscillated as

well as the i:espective head arms 111la, 111b, and 111c.

In the a_forementioned conventional éxample 1, each the
head arms 1la and 1lc supports each of the magnetlc heads 2a and
2d, whereas the head arm 11b supi)orts two magnetic heads 2b and
2c. The middle head arm 11b supports two times as large the mass
as each of the upper and lower head arms 11a and 11la does. However,
since head arms 1la, 11b and 11lc have the same support rigidity,
the arm sway mode of the conventiohal head positioner does not
satisfy the armbalancecondition, sothatthecoil2l is inevitaﬁly

forced to oscillate.

By contrast, the head positioner of this embodiment is
identical to conventional example 1 in that the middle head arm
111b supports two times as large the mass as each of the head

arms 1lla and 11lc 0;1 both ends do. However, the middle head arm

111b is larger in width than the upper and lower head arms 1lla . -

and 1llc, giving appr&ximately two times the support rigidity.

This configuration satisfies the aforementioned arm balaance
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condition. Under this condition, the shape of each portion of
the carriage hés been further determined such that the elgenvector
of the coil position becomes substantially zero. Therefore, the
arm sway mode of the head bo'sitioner accbrding to this embodiment

| hardly allows the coil 21 to oscillate.

Furthermore, atrictly speaking, a change in width of the
head arms 111 results not only in a change in rigidity but also
in mass. In addition, the magnetic heads 2 supported by means
of the suspenéiona 8 serves not only as a mass but alao as spring.
Therefore, in consideration thereof, the width of each of the
head arms 111 is selected so that the ratlo of the equivalent
rigidity and the equivalent mass of the entire movable portion
including the heads 2 and the head arms 111 have the same value

in all movable portions.

Ingeneral, inacertainnaturalvibrationmode, the smaller
the eigenvector at the point of application of oscillation (the
smaller theamplitude), the smaller the peak value of the resonance
excited becomes. When the eigenvector of the point of appl.icatl:ion
of oscillation is zero (when no oscillation occurs), the natural
oscillation is not excited to produce no resonance peak even if
a natural mode does potentially exist'. The head positioner 105,’
according to thia embodiment, slatisfies the afofementioned arm
balance condition and is configured to make the eigenvector’
component at the coll position substantially equal to zero, |
thereby reducing the _amplitude of the coil 21 and suppressing

the resonance péak value. Furthermore, to make the eigenvector
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component substantially equal to zeromeans to allow the component
in the direction of the drive force in the oscillation at the
coil position to be equal to zero, not necessarily meaning that

the component orthogonal to the drive force is equal to zero.

Next, Fig. B6 is a graph showing the relationship between
the resonance peak of the arm sway mode and the ratio of arm widths
in embodiment Bl of the present invgntion. Referring to Fig. B6,
the ordinate axis indicates the height of the resonance peak,
while the abscissa axis indicates the ratio of the width of the
upper and lower head arms 111a and 111c to the width of the middle
head arm 111b. The larger the ratio of the head arms . the smaller:
the ratio of the sﬁpport rigidities becomes. As shown 1n Fig.
B6,aratioof armwidthsof 0.735allows theoscillatoryexcitation
of the arm sway mode to be completely ceased, thus eliminating
the resonance peak. In addition, a ratio of arm widths within
the range of 0.62 through 0.86 can make the resonance peak half
the height of conventionai example 1 that has Ehe ratio of arm
widtha equai to 1. Moreover, a ratio of arm widths within the
rangé of 0.71 thrdugh 0.76 can make the resonance peak one-tenth
the height of conventional example 1 that has the ratio of arm
widths equal to 1.

Here, referring back to the graph shown in Fig. B4, which
shows the frequency response characteristics of the head
positioner 5 according to this embodiment, the .rg'sonance peak
indicated by arrow b in the drawing is derived from the arm sway

mode. It can be found that the resonance peak is drastically .-
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suppressed to be one-twentieth or less the height of the

conventional example 1 of Fig. B15.

Next, the operation of the coupled arm-bearing mode is
explained. Like the aforementioned conventionai example 1, the
head positioner 105 of the magnetic disk unit, according to this
embodiment, also has the coupled arm-bearing mode. As described
above, this oscillatory mode caused oscillatory nodes {points
showing no displacement when oscillation occurs) to appear, one
node on the side of the head arms 111 and one node on the side
of the coil 21, respectively. The carriage 110, accdrding to this
" embodiment, 1s configured so that the node appearing on the side
‘of the coil 21 coincides with the position of the point of
application cof the resultant force f of the aforementioned drive
force. More specifi.cally, the distribution of the mass of each
portioﬁ of the carriage 110 and the rigidity have been determined
‘in consideration that the elastic member 113 has rigidity. If
the node of the coupled arm-bearing mode coincides with the point
of application c of the drive force, the mode will not be excited
by drive force f even when the coupled arm-bearing mode is
potentially present. Referring to the graph shown in Fig. B4,
which shows the frequency response characteristics of the head
positioner 5 according to fhis embodiment, the resonance peak
indicated in the drawing by arrow ¢ is derived from the arm sway
mode. It is found that the resonance peak 18 remarkably suppressed
in height compared with the aforementioned conventional example -
1 shown in Fig. B15. Moreqver, as described above, the point o:f )

application ¢ of drive force f lies on an arc equally distant
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from the perimeter (inner perimeter) near the shaft 6 and from
the perimeter distant therefrom (outer perimeter), on the

~ permanent magnet 23 having the shape of a sector. Accoxdingly,
a process for the fine adjustment of the position to which the -
permanent magnet 23 is attached may be added on a line orthogonal
to the arc, thereby allowing the position of the point of

application c to coincide with the node of the coupled arm-bearing -

mode with higher accuracy.

As described above, the head positioner 105-, according
to embodiment Bl of the present invention, is configured so as
to attach the sleeve 112 to the shaft 6, a fixing portion, via
the ball bearings 7 having translation rigidity. 'Moreover, the
head positioner 105 is configured so as to attach the rotor 114
to the sleeve 112 via the elastic member 113. Thus, the resonance
frequency caused by the quasi rigid body mode can be placed apart
from the servo bandwidth in order not to become an unstable factor
in the cdntrol. Moreover, use of resin having a viscoelasticity
for the elastic member 113 enables making the attenuation ratio
of resonance larger, thus providing more improved stability than
ever. In addition, the configuratiqn in which the middle' head
arm 111b is made larger in(width than the upper and lower head
arms 11la and 111c, and about two times larger in support rigidity
can draétically reduce the resonance peak which is caused by the
arm sway mode., In addition, the point of api:lication c of drive
force coincides with the node of the coupled arm-bearing mode .
can prévent the coupled arm-bearing mode f;:om bei.fxg excited,

thereby drastically reducing the resonance peak. These allow the
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servaobandwidth for the control of headpositioning tobe extended.
The application of this embodiment to a magnetic disk unit of
a form factor of 3.5 inches has made it possible to control a
bandwidth of 1kHz which has been controlled with difficulty by
means of the priorart. Thisallows providing improved positioning
accuracy and realizing 2 magnetic disk unit with a high track

density.

Furthermore, according to this embodiment, the
geometrical position of the drive force providing mechanism is
not limited, thereby allowing the head positioner to be readily

accommodated in a housing with astandard dimensions.

Still furthermore, according to this embodiment, _
excessive inertia needs not to be added to ihe head carriage,
thereby providing a reduced moment of inertia of the’ carriage.
This allows the implementation of a magnetic disk unit that can

perform high—speed operation of head positioning.

Furthermore, this e;nbodiment employs a trapezoidal shape
as a planar shapes for the head arms 111a, 111b, and 111c, however,
other shape may be employed as well. In addition, the upper and
lower head arms 1lla and lllc may be configured so as to have
notches at the proximal ends thereof, thereby providing the
predetermined s;zpport rigidity.

(Embodiment B2)
‘ ‘An. information recording or reproducing apparatus,

according to embodiment B2 of the present.-invention, will be
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explained below with reference to Fig. B7, a magnetic disk being
takenas anexample. Fig. B7 is aperspectiveview showing'a carriage
of a head positioner in the magnetic disk unit according to

embodiment B2 of the present invention. The magnetic disk unit
according to this embodime’nt has the same components and operation
as embodiment Bl and thus its explanation is omitted, except for

a carriage 210 shown in Fig. B7.

Wﬁat is different in the carriage 210 of Fig. B7 from the
carriage 110 of embodiment Bl is only the configuration of the
head arms 21l1a, 211b, and Zli'c. The configuration of the carriage
210 except for this is the same as the carriage 110 of embodiment
Bl, and its explanation is omitted with the same reference numbers

given to the same components.

As shown in Fig. B7, the middle head arm 211b is two times
the thickness of the upper and lower head arms 21la and 2110.,
respectively. In addition, the three head arms have all the same
plane shapes. Therefore, the head arm 211b is approximat;aly two
times laxger than the head arms 2ila e_md Zlic in the second moment
of area produced by the deflection of the magnetic disks toward

the surfaces thereaf.

The head positioner, configured as such, of the magnetic
disk unit, according to this embodiment, is adapted not to cause
theresonancederived fromthe quasi rigidbodymode and the coupled .
arm-bearing ﬁode to provide an unstabie factor to the control

of head positioning based on the same action as that of the head
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positioner according to embodiment Bl.

Moreover, concerning the arm sway mode, the middle head
arm 211b is two times the'thickness of the upper and lower head
arms 21laand 211lc, and is thus approximately two times the support
rigidity, thereby satisfying the armbalance conditiondescribed
in the foregoing. Therefore, the same action as that of the head
poéitioner of embodiment Bl allows the resonance peak derived
from the arm sway mode to be reduced, thus providing the same
property as the frequency characteristics shown in Fig. B4. Like
the embodiment Bl, this allows servo bandwidth for the dynamic
control of head positioning to be exﬁended; 'thereby providing

improved positioning accuracy.

Furthermore, this embodiment allows each of the head arms
211 to have the same planar shape, and thus provides suchan effect
as thereby facilitates. the design and fabrication, for example,
the handling of the signal wires to the heads 2. '
(Embodiment B3)

An information recording or feproducing apparatus,
according to embodiment B3 of 'é.he present invention, will be
explained below with reference to Fig. B8, a magnetic disk being
takenasanexample. Fig . B8 isaperspective viewshowingacarriage
of a head positioner in the magnetic disk unit according to
embodiment B3 of the present invention. The magnetic disk unit,
accdrding to this embodiment, has completely the same components
and operation as embodiment Bl and thus its explanation isomitted,

except for a carriage 310 shown in Fig. BS.
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What is different in the carriage 310 of Fig. B8 from tﬁe
carriage 110 of embodiment Bl is only the configuration of the
head arms 311la, 311b, and 311¢c. The configuration of the'carriagé
310 except for this is the same as the carriage 110 of embodiment
Bl, and its explanation is omitted witﬁ the same reference numbers

given to the same components.

As shown in Fig. B8, the head arms 31la, 311b, and 31llc
have complete‘l.y the same thickness and plénar. shape. Inaddition,
the upper and lower head arms 311la and 31lc are provided with
penetrating holes 315a and 315¢c, respectiveiy, whereas the head
arm 311b is not provided with a penetrating hole. Therefore, the
head arm 311b is two times larger than the head arms 311a and
31lc in thé second moment of area produced by the deflection of

the magnetic disks toward the surfaces thereof.

The head positioﬁer, configured as such, of the magnetic
disk unit according to this embodiment, is adapted not to cause
the resonance derived fromthequasi rigidbodymode and the coupled
arm-bearing mode to provide an unstable factor to the control
of head positioning based on the same action as that of the head
positioner according to embodiment Bl.

Moreover, concerning the arm sway mode, only the upper
and lower head arms 31la and 31lc are provided with penetrating
holes and are thus two-i:imes'-_j:he support rigidity of the middle
head arm 311b, thereby satisfying the arm balance condition. The

’
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same action as that of the head positioner of embodiment Bl allows
the resbnance peak derived from the arm sway mode to be reduced,
thus providing the same property as the frequency characteristics
shown in Fig. B4. Like the embodiment Bl, this allows servo
bandwidth for the dynamic control of head positioning to be

extended, thereby prowviding improved positioning accuracy.

Furthermore, like thg embodiment B2, this .embodiment
allows .each'of the head arms 311 to have the same planar shape,
and thus provides such an effect as thereby facilitates the design
and fabrication, for example, the handling of the signal wires
to the heads 2. .

Still furthermore, the carriage 210 of the embodiment B2
is provided with a predetermined value of support rigidity toward
the surfaces of the disks by changing the thickness of the head
arms 211. This has the possibility of exerting an effect on the
subport rigidity towérd the surfaces of the disks and in the
direction of torsion. By contrast}, fhe carriage 310 according
to embodiment B3 allows the head arms 311 to have also the same
thickness, thereby exerting no great influence on the support
rigidity toward the surfaces of the disks and in the direction
of torsion and thus providing such an effect as realizes good

overall oscillation properties,
Furthermore, in the embodiment B3, only the upper and lower

head arms 31la, 311b, and 31lc are configured so as to have

penetrating holes, however, the middle head arm 311b may be.

70



provided with a penetrating hole having a different shape from
those of the head arms 31la and 31llc. For example, the middle
head arm 311b can be configured so as to have a penetrating hole
smallexr in the cross—séctional area than those of the head arms
311la and 311c¢, thereby providing a reduced moment of inertia ._for
" theentire carriage310while satisfyingthe armbalance condition.
Moreover, the configuration may employ not only a‘ penetrating

hole but alsoc a projection and depression.

Furthermore, explanations have been given on the
precondition that resin with a viscoelasticity is used as the
eléstic member 113 in embodiments Bl through B3, however, the
present invention is not limited thereto and any elastic member
withpredetermined rigiditymay be employed. For example, a spring
such as a plate spring or a coil spring may be employed.
Alternatively, without attaching a separate spring member, such
a configuration may be employed in which the carriage is deformed

to be integrated with a hinge having resilience.

Furthermore, in the embodiments Bl through 133,
explanations have been given on the precondition that the elastic
member 113 is interposed between the sleeve 112 and the rotor
114 in orderx to configure an osclllatory system with two degrees
of freedom in series in which the ball bearings 7 serve as the
firstspringandtheelasticmember 113 servesasthe secbnd spring,
however, the position of the elastic member 113 is not limited
tb_efei":.o. For example, the same effact can be obtained by

‘configuring an oscillatory sysitem with two degrees of freedomm
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in series in which the elastic member 113 is interposed anywhere
between the sleeve 112 and the ball bearings 7, between the ball
bearings 7 and the shaft 6, or between the shaft 6 and the base
4, Moreover, the elastic member 113 may be disposed in a plurality
of the aforementionedpositionstoconfigureanoscillatorysystem
with three degrées of freedom in series. |

(Embodiment B4)

An information recording or reproducing apparatus,
according to embodiment B4 of the present invention will be
explained below with reference to Fig. B9 through Fig. B15, a
magnetic disk being taken as an example. Fig. B9 is a plan view
showing a major portion of the magnetic disk unit accoxding to
embodiment B4 of the present invention. Fig. B1l0 is a plan view
showing a.carriage of a head positioner in the magnetic disk unit
according to embodiment B4.of the present invention. Fig. Bll
is a side view showing a carriage of a head positioner in the

magnetic disk unit according to embodiment B4 of the present

invention.

Referring to Fig. B9 through Fig. B1l1l, two magnetic disks
la and 1b, onwhich concentric recording tracks are formed, rotate
by means of a spindle motor 3 with constant a_ngular speed. Four
magnetic heads 2a, 2b, 2c¢, and 2d, which record and reproduce
information on each of four _recording surfaces of the magnetic

disks 1, are supported close to the recording surfaces by means

-of suspensions 8, respectively. The magnetic heads 2a, 2b, '2_c.,-‘

and 2d are transported by means of a head positioner 405 to p_és ition

in order to oppose degir'ed recordini; tracks of the magnetic disks _
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A carriage 410 of the head positioner 405 is rotatably
disposed, at the shaft 6 center, by means of two ball bearings
7 provided on the shaft 6 secured to a bése 4 of the magnetic
disk unit. However, the carriage 410 is provided with a sleeve
412 for holding the ball bearings, and a rotor 414. The rotor
414 is attached to the sleeve 412 movably in translation via a
pailr of parallel plate springs 413a which are connected to the

sleeve 412 at one end and to the rotor 414 at the other end.

Moreover, dampers 413bwithaviscoelasticityare inserted
in between the sleeve .412 and the rotor 414. That is, the rotor
414 is attached to the sleeve 412 via a “apring-damper system
in a parallel arrangement”. The spring constant thereof is set
so that the natural oscillation determined by the relationship

thereof with the mass of the rotor 414 is approximately 210Hz.

The rotor 414 comprises three head arms 4l1la, 411b, and
41lc, whichhave apredetermined length from the center of rotation
in the radial direction. ‘The head arm 41la is provided, on the
distal end portion thereof, with a head 2a via the suspensions
8. Theheadarm41llb isprovided, onthe distal endportion thereof,
with heads 2b and 2¢ via the suspensions 8. The head arm 41llc
is provided, on the distal end portion thereof, with a head 2d
and a head 2¢ via the suspensions 8. That is, the head arm 41la
disposedabovethemagneticdisk1a(whenviewedtowaﬁ&thgsurface

of the page of Fig. Bll) and the head arm 4lic disposed below
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the magnetic disk 1b (when viewed in the same direction) support
one head. On the other hand, the head arm 411b disposed between

the two magnetic disks la and 1b supports two heads.

. Bach of the head arms 41la, 411b, and 4llc has the same
dimensions. However, the head arms 4lla and 4llc are provided
near the proximal end thereof with a pair of notches 415a and
415¢c, whereas the head arm 411b is not provided. The width Wl
of the cross section with the notches of the head arms 41la and
411c is set to 75% the width of the cross section of the head

arm 411b (that is, the width of the initial cross section).

With the aforementioned setting, the head arm 411b is
approximately two-times larger than the head arms 41l1a and 41llc
in the second moment of area produced by the deflection of the
magnetic disks 1 toward the surfaces thereof. Furthermore, the

magnetic heads 2a, 2b, 2¢, and 2d have the same shape.

There is provided_ a main planar coil 42la on the side
opposite to the head arms 411 across the center of rotation of
the rotox 414. Moreover, there is provided a sub coil 421b inside
themaincoil 421a. There lsdisposed apermanentmagnet 423 opposed
tothe two coils 421laand 421bwithacertainclearance therebetween,
thus constitutingadrivemechanism 420, which is typicallycalled
the voice coil motor.

The portion that cuts the magnetic flux of the permanent

magret 420 along the sides of the main coil 421a and the sub goil .
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421b, which are orthogonal to the direction of rotation, that
is, extend in the “radial” direction, serves as the drive force
generating portion. The drive force generafing portion of the
main coil 421a is located at the same position as that of the
end of the inner perimeter of the drive force generating portion
of the sub coil 421b. In addition, the end of the outer perimeter
of the sub coil 421b coincides substantially with the midpoint
of the drive force generating portion of the main coil 421la. In
addition, an output current Io of a driver (not shown) is divided
in a predetermined proportion into a current Ia fiowing in the
main coil 42la and a current Ib flowing in the sub coil 421b,
with the proportion being variable.

Energizing the main coil 421a and the sub coil 421b will
cause an electromagnetic force to develop, .giving a torque to
the carriage 410 with the rotational axis on the shaft 6.
Furthermore, the rotation support mechanism of the present
invention corresponds to the shaft 6 and the ball bearings 7 of
this embodiment, while the translation support mechanism of the
present invention corresponds to the parallel plate springs 413a

and the dampers 413b of this embodiment.

The head positioner, configured as such, of the magnetic
disk unit, according to this embodiment, is adapted not to cause
the resonance derived from the quasi rigid body mode to provide
an unstable factor to the control of head_p__osi_tioning based on

the same action as that of the head positioner 105 according to

" embodiment B1l,
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Fig. B12 is a graph showing the fréquency response
characteristics of the head positioner according to embodiment
B4 of the present invention. Referring to Fig. B12, the abscissa
axis shows the frequency of the sinusoidal current Io for driving
the head positioner 405, while the ordinate axis shows the
displacement of the magnetic heads 2 per unit current indecibels.
The resonance peak shown by arrow “a” in Fig. B4 near 210Hz is
derived from the quaéi rigid body mode. This resonance peak is
sufficiently 'apart from the servo bandwidth (a gain crossover
frequency) of 1kHz with the attenuation ratlio being sufficiently
large, thereby never exerting an influence on the stability of
the control. Particularly, according to this embodiment, the
sleeve 412 and the rotor 414 are coupled directly by means of
the metallic parallel plate springs 413a, thus léading to less
def ormatioﬁ against a variation in temperature or humidity making
the same stable. Moreover, the dampers 413b are provided in
parallel to the parallel plate springs 413a, thereby allowing
the attenuation ratio to be set independently of the spring
constant and thus providing a sufficient attenuation effect.
Incidentally, in this embodiment, explanation has been given on
the configuration in which the dampers 413b are provided on both
sides of the sleeve 412 to be symmetric with each other. However,
the number and positions of the dampers are not limited thereto
80 long as a member with a viscoelasticity is disposed across

the sleeve 412 and the rotor 4i4.

Next, concerning the arm sway mode, the upper and lower
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head arms 411a and 411c are provided with notches 415a and 415¢,
and are thus half times the support rigidity of the middle head
arm 411b, thereby satisfying the arm balance condition described

above.

Therefore, the same action as that of the head positioner
105 of embodiment Bl allows the rescnance peak derived from the
arm sway mode to be reduced, In the graph indicating the frequency
response characteristics of the head positioner 405 according
to this embodiment shown in Fig. B12, the resonance peak shown
by arrow b in the drawing is derived from the arm sway mode. It
can be seen that the height of the resonance peak is drastically
suppressed comparedwith the aforementioned conventional example
1 of Fig. B20. This allows servo bandwidth for the dynamic control
of head positioning to bé.extended, thereby providing improved

positioning accuracy.

Next, the operation of the coupled arm-bearing mode is
explalned. Like the aforementioned conventional example 1, the
head positioner 405 in the magnetic disk unit according to the
embodiment B4 also has the coupled arm-bearing mode. Fig. B13
is a plan view showing the coupled arm-bearing mode of the head
positioner 405 in the magnetic disk unit according to the
embodiment B4 of the present invention. Shape A indicatedbydashed
lines in Fig. B13 is the shape before the deformation, whereas
shape B shown by solid lines is the one when‘deformed. This
oscillatory mode takes p'ia:ce in a manner 's_uc_h. that the middle

portiondeflects upward when both ends of the carriage 410 deflect
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downward when viewed toward the surface of the page.

Therefore, this oscillatory mode causes necessarily two
oscillatory nodes (points showing no displacement when
oscillation occurs) to appear, one toward the side of the drive
mechanism among them being a point shown by n in the drawing.
In this embodiment, the carriage 410 is configured in a manner
such that the point n appears slightly toward the inner perimeter
(at the position 21lmm apart from the center of the shaft 6) from
the midpoint "of the drive force generating portion of the
aforementioned main coil 42la. More specifically, the
distribution of the mass of each portion of the carriage 410 and
the rigidity of each portion such as the mounting portion of the
main coil 421a have been determined on the precondition that the

parallel plate springs 413a are rigid.

Fig. Bl4 is a view showing a drive force of the head
positioner in the magnetic disk unit according to the embodiment
B4 of the présent invention. In the graph shown in the graph,
the abacissa axis indicates distance r from the center of the
shaft 6, while the ordinate axis indicates the drive force. In
the graph, a graph indicated by p is the distribution of the drive
force produced by means of the main coil 421a and while a graph
indicated by 1 by g is the distribution of the dxive force produced
by means of the sub coil 421b.

When thg_ée distributed forces are displaced by equivalent

concentrated forces, the cl:;'Lstributed force p changes to force
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fa acting on point a and the distributed force q to fb acting
on point b. Here, letting the resultant force (that is, the
resultant force of all drive forces) of fa and fb be equal to
fc, and the point of application be c, the position of point ¢
is to vary depending on the ratio of the current Ia of the main
coil 42la to the current Ib of the sub coil 421b. For example,
with Ia constant, point ¢ will coincide with point a if Ib is
‘ equal to zero, point c being to approach toward point b with
increasing Ib. Therefore, the point of application c of the drive
force can be set to any point depending on the setting of the
ratio of Ia through Ib.

Fig. B15 is a graph showing the relationship between the
resonance peak of the coupled arm-bearing mode and thé position
of the drive point in the embodiment B4 of the present invention.
In the drawing, the abscissa axis represents the position of the
drive point c with the distance from the center of the shaft 6,
while the ordinate axis represents the magnitude of the resonance
peak derived from the co'_upled arm-bearing modé. The point shown
by arrow d (the position at 2imm) is the position of node n of
the coupled arm-bearing mode, which has been explained with

reference to Fig. B13,

Referring to Fig. B15, the magnitude of the resonance peak
decreases as the position of drive point c approaches the node
n of the mode. The'-coupled arm-bearing mode will be completely
subjected to no exéitatiop when the position of drive point c

coincides precisely with node n of the mode, causing the resonance
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péak to disappear. Moreover, the height of the resonance peak
can be made one-tenth or less when the position of drive point
¢ is 1.2mm apart from node n of the mode. In the same way, the
height of the resonance peak can be made one-hundredth or less

when the positionofdrivepointciswithinthedistanceof 0.18mm.

Asdescribed above, inthis embodiment, first, the carriage
410 is configured so that the node n of the mode is positioned
slightly toward the inner perimeter from the midpoint of the drive
force generatlng portion of the main coil 42la. Secondly, the
ratid of the current Ia of the main coil 42l1a to the current Ib
of the sub.coil 421b is set appropriately, thereby allowing the
position of drive point c to coincide with the node n of the mode.
In the graph illustrating the frequency response characteristics
of tﬁe head posiﬁioner 405 according to this embodiment shown
in Fig. B12, the resonance peak shown by arrow c in the drawing
is derived from the coupled arm-bearing mode. It- can be seen that
the height of the resonance peak is drastically suppressed
compared with the aforementioned conventional example 1 of Fig.

B20.

This allows servo bandwidth for the dynamic control of
head positioning to . be extended, thereby providing improved
positioning accuracy. Incidentally, a method for adjusting the
ratioofcurrentIatocurrent Ibisas follows. Thatis, asinusoidal
wave of'a single frequency of the resonance frequency of the c_oupled
arm-bearingmode (equal to 4.1kHz in this embodiment) is inputted

tovary the ratio of current Ia to current Ibwhile thedisplacement
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of the magnetic heads 2 are measured, and the ratio is set to

the minimum value of the displacement.

As described above, the head positioner 405 of the
embodiment B4 of the present invention is configured in a manner
such that the shaft 6, a fixing portion, is provided with the
sleeve 412 via the ball bearings 7 having translation rigidity.
The head positioner 405 i_s also configured such that the sleeve
412 is provided with the rotor 114 via the parallel plate springs
413a and the démpers 413b. This configurationallows the resonance
frequency derived from the quasi rigid body mode to be separated
sufficiently. from the servo bandwidth as well as the resonance

peak to attenuate sufficiently to avoid giving anunstable factor

to the control.

Furthermore, the head positioner 405 has such a
configuration that the upper and lower head arms 1lla and 1lllc
are provided with the notches 415a and 415c, respectively, and
thus made amaller in the cross section than the middle head arm
111b, with support rigidity being about half. This allows the
resonance peak derived from the arm sway mode to decrease

tremendously.

Furthermore, the head positioner 405 is configured so as
to be provided with the main coil 421a and the sub coil 421b with
different points of application of drive force, and as to allow
" the point of application of the resultant force of drive pqint.s

to coincide with the node of the coupled arm-bearing mode. This
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allows the resonance peak derived from the coupled arm-bearing
mode to decrease tremendously. This enables the servo bandwidth

of the head positioning control to extend.

The application of this embodiment to a magnetic disk unit
of a form factor of 3.5 inches has made it possible to control
a bandwidth of lkHz which have been controlled with difficulty
by means of the prior art. This allows providing improved
positioning accuracy and realizing a magnetic disk unit with a

high track density.

Incidentally, this embodiment allows only the head arms
411la and 411c to be provided with notches 415a and 415c. However,
such a configuration may be employed in that the middle head arm
411b is alsoprovidedwith the notch, so longas the afqrementioned
arm balance condition is satisfied. In addition, the shape and

position of the notches are not limited to particular ones.

Furthermore, the carriage 410 according to this embodiment
is configured so as to set the support rigidity of the head arms
411 based on the notches 415, and thus provides high general
versatility to serve as parts. For example, in this embodiment,
explanations have been given of a carriage, as an example, having
two recording media la and lb with each surface thereof being
' a recording surface, and three head arms 411a, 411b and 41lc for
' supporting one, two, arnd one magnetic heads 2, respectively. }

However, for such a unit as has the recording med:bﬁm la the upper

surface of which is not used for recording,.tlte number of magnetic
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heads 2 to be supported will be of three types, that is, zero,

two, and one.

Furthermore, for a unit that émploys only one recording
medium, the number of magnetic heads 2 wiil be zero, one, and
one, respectively. Accor&ing to the present invention, a first
process for forming the shape of the rotor 414 without notcbes
and a second process for forming notches 415 in accordance with
the number of magneticheads 2 tobe supportedare provide'd, thereby
allowing unité having different specifications to be shared with
the same component. Incidentally, even in cases where the number
of the magnetic heads 2 to be supported is of three types or more,
such a configuration can be employed that allows for providing
notches, in order to satisfy the aforementioned arm balance
condition, for the arm head in a manner such that the larger the
number of magnetic heads to be 'supported, the higher thé support

rigidity of the head arm becomes.

Furthermore, in any embodiment of the present invention,
explanation has heén given on the precondition that each head
arm is made of the same material since the rotor is made of the
same material in one unit. However, for example, such a
configuration may be employed in that the middle arm is made of
a material higher in rigidity than the upper and lower arms to
be attached to the rotor. Moreover, such a configuration may be
employedinthateacharmis formedas a‘separate'm_ember and provides
a difference in rigidity of the coupling portion when attached

to the rotor. Yo
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Furthermore, in any embodiment of the present invention,
explanations have been given on the precondition that the head
positioner has three head arms. However, the present invention,
not limited to these embodiments, can be applied to any head
positioner that comprises at least one or more head arms for

supporting one head and for supporting two heads, respectively.

Still furthermore, the head positioner of the present
invention can also be applied to a mechanism that has a head arm
for supporting three or more heads o'r a head arm for supporting
no heads, so long as the armbalance condition is satisfied. Even
in these cases, the same effect can be obtained which has been
explained in the embodiments. However, the arm for supporting
no heads is, for example, an arm that is resulted as an excessive
arm when arms (1_:hree in typical cases) for use in two recording
media (for example, magnetic disks) are used for recording or
reproducingone recordingmediumfor reasons of fabrication. (This
is because two arms are typically used for one recording medium.)
This arm corresponds to a head arm for supporting zero heads

according to the claims.

As is obvious from the explanations given above, the
information recording or reproducing apparatus of the present
invention can eliminate the effect of mechanical resonance that
has been a limiting factor in ser;ro bandwidth of the head
positioning control to extend the servo bandwidth. This allows

for providing improved head positioning accuracy, and realizing
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an information recording or reproducing apparatus with a high

track density.
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What is Claimed is:

1. A head positioner comprising:

a head supportingmeans for supportingahead for recording
or reproducing informationon a recording mediumhaving recording
traéks formed thereon,

a rotate support -port:i.on for supporting rotatably said
head supportiﬁg means,

a drive means for providing said head supporting means
with a drive force at a predetermined drive point of said head
supporting means, wherein

said head supporting means transports said head
substantially in a direction orthogonal to said recording tracks
around a center of a rotational axis in said rotate support portion
to position said head at a predetermined recording track of said
recording medium, and

sald head supporting means makes an 6scillatory direction
of said head in at least one natural vibration mode of a plurality
of natural vibration modes which said head positioner has,
substantiallyparallel toadirectionof a tangent at suchposition
of a predetermined recording track of said recording medium, at
said position-of which said head can be provided, and for making
an oscillatory direction of a drive point at least another one
natural vibrationmode suﬁétantially perpendicular toadirection
of said drive force.

2. The head positioner comprising:

e
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a head supportingmeans for supporting a head for recording
orreproducinginformationcnlarecordingmediumhavingrecording
tracks formed thereon,

a rotate suﬁport portion for supporting rotatably said
ﬁead supporting means, and

a drive means for providing said head supporting means
with a drive force at a predetermined drive point of said head
supporting means,

said ﬂead supporting means transporting said head
substantially ir'1 a direction orthogonal' to said recording tracks
around a center of a rotational axis in said rotate support portion
to position said head at a predetermined recordieg track of said
recording medium, wherein

sald head supporting means has oscillatory direction
restricting means for making an oscillatory direction of said
head in at least one natural vibration mode of a plurality of
natural vibration modes which said head pos.itioner has
substantiallyparallel toadirectionof aline connectinga center
of said rotate support portion to said head, and for making an
oscillatorydirectionofadrivepointat least another one natural
vibrationmode substantially perpendicular toadirectionof said
drive force.

3. The head posi‘i:ionér according to Claim 1 or 2, where
in

. said head supporting means comprises .
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a first arm for supporting said head,

a second arm disposed, at said rotate support portion,
in a direction perpendicular to said first arm, an;i supplied with
said drive force from said drive means, and

a third arm disposed, at said rotate support portion, to
said first arm and having different rigidities each depending
on a direction to the center of said rotate support po-rtiori.

4. The head positioner according to Claim 3, wherein

said third arm has rigidities different in a direction
parallel to said first arm and in a direction perpendicular to
the direction.

5. The head positioner according to Claim 2, wherein

said third arm comprises

ahigh rigidity pbrtion extending from said rotate support
portion in a direction of opposite to said first arm, and

a low rigidity portion extending in a direction
perpendicular to an 'extending direction of said high rigidity
portion from a tip end of said high rigidity portion and having
lower bending rigidity than said high rigidity portion.

6. The head posi’lcioner according to Claim 1 or 2, where
in fourth arm |

salid head supporting means comprises

a fourth arm for supporting said head,

a fifth arm disposed, at said rotate support portion, and -

disposed at a position displaced by a predetermined angle from
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a direotion perpendicular to said fourth arm, and supplied with
said drive force from said drive means,

a sixth arm disposed, at said rotate support portion, at
. .said rotate support portion, on a line substantially dividing
a central angle between said fourth arm and said £ifth arm into
two angels, in an opposite side to said first and second arms
with respect to said rotate support portion, and

a natural frequency of said fourth arm and a natural
frequency of said fifth arm are apart from each other by two times
or more.

7. The head positioner according to Claim 6, wherein

said fifth arm comprises

a notched portion is formed in a coupling portion of said
fifth arm to said rota.te support portion, and

saild notched portion is to reduce the natural frequency
of said fifth arm.

8. Theheadpositioner according toclaiml or 2, wherein
said head supporting means comprises

a seventh arm for— supporting said head,

a eighth arm disposed, at saild rotate support portion,
in -a direction perpendicular to said first arm and sﬁpplied with
said drive force from said drive means, and

- “'a ninth arm disposed to said rotate support portion, at
said rotate support portion, on a line substantially dividing

a central angle between said seventh arm and said eighth arm into

\_\
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two éngles, in a direction opposite to said seventh and eighth
arms with respect to said rotate support portion,
acentermember for couplingsaidrespective arms tosupport
said respective arms, and
saidcentermember has different rigidities inadirection
parallel to said seventh arm and in a direction perpendicular
- to the direction.
9. The head positioner according to Claim 8, wherein
said center membex is provided with a plu:l:ality of curved
slots disposed symmetrical with respect to a line orthogonal,
at a center of rotation of said rotate support portion, to a line
connecting said the center of said rotate sﬁpport' portion and
said head.
10. The head positioner according to any one of Claims
1 to 9, wherein
sald head supporting means is configured so that a center
of mass thereof coincides substantially with a center of rotation
thereof.
11. The head positioner according to any one of Claims
3 to 11, wherein .
said third, sixth or ninth arm is provided, on a distal
end thereof, with a balance member, and
said balance member is made of a material with a larger
specific gravity than materials of said first and gecond arms,

those of said forth and £ifth arms or those of said seventh and

-
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eighth arms, respectively.

12. The head positioner aécording to any one of Claims

3 to 11, wherein
a coupling member provided between the first arm and the
second arm, said forth and fifth arms or said seventh and eighth

arms.

13. An information recording or reproducing apparatus

at leéast comprising:

the he;id potisioner.according to any one of Claims 1 to
12, and a recording medium.

14. An information recording or reproducing apparatus
comprising:

a recording medium having recording tracks formed thereon,

a head for recording or repfoducing information on said
recording medium, and

a head positioner for positioning said heads at
predetermined recording tracks on said recording medium, wherein

said head positioner has at least two head arms,

sald at least two head arms support zero, or one or more
heads, respectively, and

a head arm for supporting a larger number of heads has
greater support rigidity than a head arm for supporting a smaller
number of heads.

15. The information recording or reproducing apparatus
according to Claim 14, wherein

a second moment of area of said head arm for supporting

a larger number of heads is greater-.than that of said head arm

_—
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for supporting a smaller number of heads, said second moment of
area being derived from a bending in a plane parallel to said
recording medium.

16. The information recording or reproducihg apparatus
according to Claim 15, wherein

a surface, opposed to said recording medium, of said head
arm for supporting a larger number of heads is greater in width
than that of said head arm for supporting a smaller number of
heads.

17. Tl;e information recording or reproducirig apparatus
according to Claim 15, wherein '

a length of a shorter side of a plane, orthegonal to said
recording medium, of said head arm for supporting a larger number
of heads is greater than that of said head arm for supporting
a smaller number of heads.

18. The information recording or reproducing apparatus
according to Claim 15, wherein

said head arm for supporting a smaller number of heads
has a penetratinghole on a plane opposed to said recording medium.

19. The information recording or reproducing épparatus
according to Claim 18, wherein

an area of a cross section, parallel to said recording
medium, of sald penetrating hole is greater than that of said
head arm for supporting a larger number of heads.

20. The information recording or reproducing apparatus
according to Claim any one of Claims 14 through 18, wherein
said head arm for supporting a smaller number of heads

supports one head, and
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said head arm for supporting a larger number of heads
supports two heads. _

.'21. An information recording. or reproducing apparatus
_ comprising:

a recordingmediumhaving recording tracks formed thereon,

heads for recording or reproducing information on said
recording medium,

a head positioner, provided on a base, for positioning
said heads at predetermined recording tracks on said record media,
wherein '

said head positioner comprises

a carriage for supporting saild heads,

arotation supportmechanism for supporting rotatably said
carriage at a center on a predetermined rotational shaft provided
on said base, ‘

a translation support mechanism for supporting said
carriage in a radial direction of said predetermined rotational
shaft with predetermined translation rigidity, disposed between
sald carriage and sald rotation support mechanism, between said
rotation support mechanism and said base, or inside said rotation
support mechanism, and

a drive mechanism for providing rotational drive forces
for said carriage.

22. The information recording or reproducing apparatus
according to Claim 21, wherein said translation support mechanism
" is an elastic body.

23. The information recording or reproducing apparatus

according to Claim 22, wherein said elastic body is made of a
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material with a viscoelasticity.

24. The information recording or reproducing apparatus
according to Claim 21, wherein said translation support mechanism
has a pair of parallel plate springs with one end thereof fixed
to said carriage and the other end thereof fixed to said rotation
support mechanism.

25. The information recording or reproducing apparatus
according toClaim 24, wherein said translation support mechanism
has a further viscous elastic_ member with one end thereof fixed
to said carriége and the other end thereof fixed to said rotation
support mechanism.

26. The information recording or reproducing apparatus
according to Claim 15, wherein

said head arm for supporting a smaller number of heads
is formed so as to be substantially less t_han said head arm for
supporting a larger number of heads in a cross-sectional area
of a predetermined cross section orthogonal to said recoxding
medium.

27. An information recording or reproducing apparatus
compriging:

recording medium having recording tracks formed thereon,

heads for recording or reproducing information on said
recording medium, '

a head positioner, provided on a base, for positioning
saidheads at predetermined recording tracks on said recordmedia,
wherein |

8a3id head positioner comprises

a carrilage for supporting said heads,

I
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arotation supportmechanismfor supporting rotatably said
carriage at a center on a predetermined rotational shaft provided
on said base, and

a drive mechanism for providing rotational drive forces
for said carriage,

said head positioner has nodes of mode shale of natural
vibration modes of sald head positioner coinciding with points
of application of a resultant force of said rotational drive
forces.

28. The information recording or reproducing apparatus
according to Claim 27, wherein

salddrivemechanismhas adrive point adjustment mechanism
for allowing said nodes of natural vibration modes to coincide

with said points of application of a resultant force of said

rotational drive forces.

29. The information recording or reproducing apparatus
according to Claim 28, wherein |

sald drive point adjustment mechanism has a first drive
force generating portion and a second drive force generating
portion, whérein

a distance between a point of application of a resultant
force of drive forces generated by said first drive force
generating bortion and said rotational shaft is different from
a distance between a point of application of a resultant force
of drive forces generated by said second drive force generating
portion and séid rotational shaft, and

a ratio of a magnitude of a drive force generated by said

first drive force generating portion to a magnitude of a drive
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force generated by said second drive force generating portion -

is adjustable.
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