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Head positioner and Information recording or reproducing 

apparatus 

BA.CKGROOND OF TllE INVENT:CON 

Fie1d of the Invention 

'l'he pres~nt invention relates to an info~tion recording, 

or reproducing apparatus used for recording or reproducing 

information, and more pa·r.ticularly,. to .a head positioner for 

positioning heads at desired tracks on recording mediu~. 

De•cription of the :aeiated Art 

Recently, as an information recording or reproducing 

apparatus, apparatuses such as a magnetic disk unit and an optical 

disk unit have .been used widely which employ disk-shaped recordinq 

media. Among them, the magnetic disk unit has been widely used 

as an 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 re~ording or ~eproducing. 

information by posi tio_ning magnetic heads by means of a rotary 

head positoner at desired recording tracks on the magnetic disks, 

the recording tracks being concentric and formed on magnetic 

disks. 

A conventional magnetic disk unit comprising a z:·otary head 

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

\_. 
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A9 is a plan view showing a major portion of the conventional 

magnetic disk unit. 

Ref erring to Fig. A9 , the magnetic ~isk 1 on which concentric 

recording tracks are formed rotates by means of a spindle motor 

3 with constant angular speed. The magnetic head 2 (hereinafter 

ref erred to simply as the head) which records and reproduces 

information on. the magnetic disk 1, is supported clos.e to the 

recording surface of the magnetic disk 1 by means of suspensions 

8. The head 2 is transported by means of a ~ead posi tioner 5 to 

position in order to oppose a desired recoi:d track of the magnetic 

disk 1. 

A carriage lOe of the head po~itioner 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 lOe comprises a h~ad 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 

su~pension 8. In addition, there is provided a planar coil 21 

opposite to the head arm 11 across the ce_nter of rotation. There 

is disposed a permanent magnet 23 opposite to the coil 21 with 

a predetermined space maintained therebetween, thereby f oming . •· 

an actuation mechanism 20 that is typically called a voice coia. 

motor. Energizing the coil 21 will cause a torque to be generated 

with the rotational axis on the shaft 6 to allow the carriage 
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lOe 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". 

In the conventional magnetic disk unit configured as ~uch, 

the magnetic head 2 detects servo position information written 

beforehand on the magnetic disk 1 and the current flowing in the 

coil 21 is controlled based on the servo position information. 

'l'his ~llows for positioning the head 2 at a predetermined recording 

track on the magnetic disk 1. 

In general, it is necessary to improve the accuracy of 

positioning the magne:tic head 2 in order to increase track density. 

For this purpose, lt is required to extend the servo bandwidth 

of the head positioning control; ln the aforementioned 

conventional magnetic disk unit, the servo bandwidth was limited 

due to the mechanical resonance of the head·positioner 5. That 

is, the aforementioned head positioning operation performs the 

positioning control for a rigid mode in which the carriage 10e 

rotates Cit center on the shaft 6 as a rigid body. For this reason, 

the servo bandwidth of the head positioning operation could be ... 

extended only to such an extent that the influence of high-order 

oscillatory modes other than the rigid body mode ·would not aause 

instability of the control .. 

3 



·,, 

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 mass of the carriage lOe and the rigidity . ' 

oftheballbearing7 and causes theentirecarriage!Oetooscillate. 

in the direction perpendicular to the center axis of the shaft 

6 (hereinafter referred to as the quasi riqid body mode) . The 

other oscillatory mode causes the head arm 11 to. bend in a plane 

of the surf ace of the magnetic disk to oscillate (he~einafter 
' referred to as the arm sway mode) . Among them. since the quasi 

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 

conventi'?nal magnetip disk unit. Fig.AlO is a plot showing the 

frequency response characteristics of the conventional head 
-

positioner S. Referring to Fiq .AlO ,- the abscissa axis represents 

thefrequency,whiletheordinateaxisrepresentsthedisplacement 

of the head 2 per unit current of the coil 21. The peak shown 

by arrow "a" near 3kHz is derived from the quasi rigid body mode. 

The servo bandwidth of the head posi tioner 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 ' .. 

exer.ts no influence on the stability of the positioning control. 

To extend the servo bandwidth of the head positioner 5, 
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several configurations to reduce the effect of the quasi rigid 

bo~y mode have been suggested. As an example, as disclosed in 

Japanese Laid-Open Patent Publication No.Hei 3-80475, a 

confiquration is available in which a voice coil motor is provided 
' 

on a side of the carriage to allow the drive force D to be.generated 

on the carriage· in the direction substantially perpendicular to 

the direction of displacement provided at the time of positioning. 

This headposi tioner allows the oscillatory direction of the quasi 

rigid body mode to be substantially orthogonal to the direction 

of displacem~nt provided at the time of positioning, thereby 

suppressing influence and providing drastically improved 

accuracy of the head positioning. 

As described above, ~n the conventional magnetic disk unit 

compr isinq a typical rotary head posi toner such as shown in Fig. A 

9, the resonance of the quasi rigid body mode that is potentially 

present as a natural vil;>ration mode is excited by the drive force 
.. 

to cause an oscillation with a large amplitude to appear. This 

re~onance limits the servo bandwidth and thus such a problem was 

presented in that this prevented the positioning accuracy from 

being improved. 

Furthermore~ ~he head positioner of a magnetic head 

disclosed in Japanese Laid-Open J?atent Publication No. Hei 3-804 7 5 

cannot necessarily eliminate the· influence of the quasi rigid 

body mode.for the following reasons. 
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' _In «i;1eneral, it is known that a mechanical structure 

oscillates only at a particular frequency (natural frequency) · 

irrespective of an external force anq in a mode shape (natural 

vibration mode) . This h,olds true in the head positioner and the 

carriage has natural frequency and natural vibration mode 

irresp~ctive of the drive force. The_ quasi rigid body mode is 

one of the natural vibration modes and the oscillatory direction 

is determined only by the configuration of the carriage 

irrespective of the direction of the drive force provided. ·unless 

each' oscillatory direction of the quasi 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 

possible to remove the effect of the oscillation derived from 

the quasi rigid body mode only by setting the direction of :the 

drive force to the direction orthogonal to the positioning 

direction. Therefore, the head pas! tioner disclosed in Japanese 

Laid-Open ·patent Pu.b~ication No. Hei 3-8 04 7 5 still has the same' 

problem as the conventional magnetic disk unit. 

Furthermore, as dis closed in the Japanese Laid-Open J?a tent 
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Publication No.Hei 3-80475, in the case 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 in a given direction of the drive force. Therefore, 

it is possible.to allow the carriage ~o 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 rigidity, 

which raised such a problem that this became a serious limiting 

factor in design and the carriage became heavy enough to cause 

the inertia to increase. 

The object of the present invention is to eliminate the 

effect of the quasi rigid body mode without imposing strict 

limitations on the desiq.n of the carriage and thus improve.the 

head positioning accu~acy.by extending the servo bandwidth to 

a broad frequency bandwidth. 

Next, another conventional magnetic disk unit comprising 

a rotary head posi toner (hereinafter referred ta as conventional 

example-1~ will be explained below with reference to the drawings. 

Fig. 816 is a plan view showing a major portion of the magnetic . 
disk unit.according to conventional example l. Fig. Bl7 is a 

cross-sectional" view showing the vioini ty of the head posi tioner 

in the magnetic disk unit according to conventional example 1 . 

Fig. BlB is a perspec~ive view showing a carriage of the head 

posi tioner in the magnetic disk unit according to conventional 
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example 1. 

Referring to Fig. Bl6 through Fig. B18, two magnetic disks 

la and lb, on which concentric recording tracks are formed, rotate 

by means of a spindle motor 3 with constant angular 'speed. Four 

magnetic heads 2a, 2b, 2c, and 2~, whiqh perfo·rm recording or 

reproducing on each of the four .recording surfaces of the magnetic 

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

of suspensions B, res;pectively. The magnetic heads 2a, 2b, 2c, 

and 2d are transported by means of a head positioner 5 to position 

in order ta oppose desired recording tracks of the magnetic disks 

1. 

AcarriagelO' oftheheadpositionerS is 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 magnetic disk unit. 

The head carriage 10' is comprised of three head arms lla, llb 

and llc, which have a predetermined length from the center of 

rotation in the radial direction. The head a:rm 1 la is provided, 

on the distal end portion thereof, with ahead 2a via the sus-pensions 

8. The head arm llb is provided, on the distal end portion thereof, 

with heads 2b and 2c. via the suspensions 8. The head arm llc is 
' 

provided, on the distal end portion thereof, with a head 2d via 

the suspensions a. That is I the head arm 11a disposed above the 

magnetic disk la (wile.~ viewed toward the surface of the page of 

Fig. Bl?) and the head arm llc disposed below the magnetic disk 

lb (when viewed in: the same direction) support one head. On the 

other hand, the head arm llb disposed between the two, magnetic 
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disks la and lb supports two heads. Each of the head arms lla, 

llb, and llc has the same shape such as in thickness and in width. 

That is, the head arms lla, llb, and llc have the same support 

rigidity. In addition, the magnetic heads 2·a, 2b, 2c, and 2d have 

the same sh~pe. 

There is provided a planar coil 21 opposite to the head 

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 p_rovide torque 

that allows the carriage 10' to rotate with the rotational axis 

on the shaft 6. 

In the conventional magnetic disk unit configured as such, 

the magnetic heads 2 detect servo position information written 

beforehand on the magnetic disks 1 and the current flowing in 

the coil 21 is controlled based on the servo position information 

in order to position the heads 2 at predetermined tracks· on the 

magnetic disks 1 . 

. · Furthermore., it is necessary to improve the accuracy of 

posi tioniri9 the magnetic he~ds 2 in order to increase track density. 

For this purpose, it is required to extend the servo bandwidth 

of the head positioning control. In ·the aforeme~tioned 

conventional magnetic disk unit, the servo bandwidth was limited 
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due to the mechanical resonance of the head positioner 5. That 

is, the aforementioned head positioning operation perfoons the 

positioning control for a mode in which the head carriage 10' 

rotates at the center on the shaft 6 as a rigid body (hereinafter 

referred tc;>- as a rigid body mode) . For this. reason', the servq 

bandwidth of the head positioning operation could be extended 

only to such an extent that the influence 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 pos-i toner 5. A first high-order 

oscillatory mode causes the entire carriage 10' to oscillate in 

the direction perpendicular to the axis of the shaft 6 as a 

substantial rigid body (hereinafter referred to as the quasi rigid 

body mode), t~e mass of the carriage 10' and the riqi~ity of the 

ball bearings 7 . This has a mode shape in which the entire carriage 

10' oscillates 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 the arm sway mode). This 

has a mode shape in which, when the middle head arm llb is deformed 

in the direction shown by arrow q in Fig. Bl 8 , the upper and lower 

head arms.lla and llo are deformed in the directions shown by 

arrows p and q in the.drawing, respectively, the coil allowed 

to oscillate in the direction shown by arrows in the drawing. 

Fig. Bl9 is a plan view showing the arm sway mode of the head 
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posi ti oner in the magnetic disk unit according to conventional 

example 1. Fig. Bl9 illustrates schematically the mode shape of 
the arm sway mode. 

' 
A third high-order oscill~tory mode is a mode in which 

an in-plane de~ormation of the'·head arms 11 and a tran.slation 

displacement of the ball bearings 7 are coupled to oscillate 

(hereinafter referred to as the coupled arm-bearing mode) . This 

has a mode shape in which, when the respective head arms lla, 

llb, and llc are deformed in the direction shown by a;r:row q and 

the coil allowed to oscillate in the direction shown by arrow 

s in Fig. ·Bl8, 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 1 is deformed so as to take the shape of 

a bow across the centerline thereof. In this oscillatory mode, 

the carriage 10' oscillates in the opposite directions at the 

center and at both ends thereof, so·that·one oscillation node 

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 servo bandwidth in a conventional magnetic disk unit. 

Fig. B20 is a graph showing the frequency response characteristics 

of the head positioner according to conventional example 1. 

Referring to Fig. B20, the abscissa axis shows the frequency of 

a sinusoidal cu·rrent for driving the head posi tioner 5, while 

the ordinate axis shows the displacement.pf the magnetic heads 

2 per unit current of.the coil 21 in _decibels. The resonance peak 
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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.SkHz is· derived from the arm sway mode. 

In addition, the resonance peak shown by arrow "c" in the drawing 

near_ 6 • 4.Hz is derived from the coupled arm-bearing mode. Therefore, 

the servo band~idth (gain crossover frequencies} of the head 

positioning control can be extended only to such a frequency (about 

500Hzl at which these resonance peaks exert no influence on the 

staJjility of the control. 

ln 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 USl? No. 4,620,252, 

such a head posi tioner (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 ~he quasi rigid body mode. According to this head positioner, 

since no tra-nslation exciting force is applied to the rotational 

axis, the resonance derived from the quasi rigid body mode is 

not generated and thus the servo bandwidth can be extended~ 
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On the other hand, according to an example desc~ibed in 

Japanese Laid-Open Patent Publication No. Hei-10-162519, such 

a head posi ti oner is disclos_ed as is configured to be provided, 

on the surface opposite to a head arm to which a head 'is mounted, 

with a member h~ving the same natural oscillation frequency as 

that of the head (hereinafter referred to as conventional example 

3) . According to this head positioner, it is asserted that the 

resonance peak derived from the bent head mode is reduced to extend 

the servo bandwidth. 

However, it is necessary in the conventional example 2 

to arrange two coils at positions symmetric with respect to the 

center axis of rotation of the head carriage. In addition, magnetic 

circuits need to be provided on bases opposed thereto, 

respectively. Such a specification to 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 stan~ardized housing dimensions of 

magnetic disk units, which are typically called a form.factor. 

However, it is necessary, in the aforementioned conventional 

rotary head positoner, to p~ace 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. 'l'hus, it is difficult to allow 

the head positioner to be accommodated within the aforementio;11ed 

standardized dimensions. 
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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 which a head is mounted, so that an 

excessive amount of inertia is to be added to the head carriage. 
' 

To acid an excessive amount of inertia to a position with a large. 

radius of rotat;ion presented such a proble~ in that this caused 

the moment of inertia to increase and the speed of positioning 

was reduced. 

Still furthermore, any one of the aforementioned 

conventionalexampleswasnotintendedforthecoupledarm-bearing 

mode .. 

The present invention was developed in view of the 

aforementioned problems. Its object is to provide an information 

recording or reproducing apparatus that does not seriously provide 

limiting ·factors in the design of the carriage and provides 

improved head posi tio.ning accuracy by eliminating the· effects 

of the high-order oscillations derived from the quasi 

rigid body mode, the arm sway mode, and the coupled arm-bearing 

mode to extend the servo bandwidth to a high f_requency. 

SUMMAI\'!' OF '!BB DMUrl!:COH 

A 1 •t. invention of the present invention is a head 

positioner comprising: 

a head supporting means for supporting a head for recording 

or reproducing information on a recordingmediumhaving recording 

tracks formed'thereon, 

14 



a rotate support porti.on for supporting rotatably said 

head supporting 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 direc.tion orthogonal ta 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 

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 pos~tioner has, 

substantially parallel to a direction of a tangent at such position 

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 vibration mode substantially perpendicular to a direction 

of said drive force. 

According to the head positioner configured as described 

above, theosoillatorydirection.of the head in at least one natural 

vibration mode of a· plurality of natural vibration modes in that 

the head pas i tionei; has is made pa_rallel to 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, and 

15 



for making an oscillatory direction of a drive point at least 

another one natural vibration mode substantially pe:tpendicular 

to a direction of said drive force. The n~tural oscillation in 

the direction of a head displacement provided at ·the time of 

positioning the head can be prevented from being excited by the 

drive force .. In 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 being exerted an the 

r~production signals. Consequently, the servo bandwidth of the 

head positioner is not limited by this natural vibration mode 

and thus it is possible to realize a head pasitioner provided 

with high head positioning accuracy. 

A 2nd. invention of the present invention is a hea~ 

positioner comprising: 

a head supporting means for supporting a head for recording 

or reproducinq information on a recording medium having recording 

tracks formed thereon, 

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 point of said head 

supporting means, 

said head supporting means transporting said head 
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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, wherein 

said head supporting means has oscillatory direction 

restricting means for making an oscillatory direction of said 

head in at least one natur~l vibration mode of a plurality of 

natural vibration modes which said head positioner has 

substantially parallel to a direction of a line connecting a center 

of said rotate support portion to said head, and for maki_ng an 

oscillatory direction of a drive po int at least another one natural 

vibration mode substantially perpendicular to a direction of said 

drive force. 

According ·to the head positioner .configured as described 

above, the oscillatory direction of the head in at least one natural 

vibration mode of a plurality of natural vibration modes in that 

the head positioner has is made parallel to the direction of a 

straight line.that connects the center of the support portion 

to the head. The natural oscillation in the direction of a head 

displacement provided at the t~me of po~itioning the head can 

be prevented from being excited by the drive force . In addition, 

the osciliatory direstion 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 being exerted on the reproduction signals. 
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Consequently, the servo bandwidth of the head posi tioner 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 3rd. invention of the present invention is a head 

positioner according to ·the 1st. or 2nd. invention where in 

said head supporting means comprises 

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 said drive ~eans, 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 portion. 

The head posi tioner configured as such allows a third arm 

with different rigidity to specify the oscillatory directions 

of a plural! ty of natural vibration modes .that the head posi tioner 

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 

oscillation in the direction of head displacement can be prevented 

from being excited by the drive force al!I w'ell as· the head from 
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being affected by the natural oscillation in the ·direction of 
. 

excitation by the drive fare~. 

A 6th. invention of the.present invention is a head 

posi tioner acc~rding to the 1st. or 2nd. 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 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 fifth arm into 

two angels, in an opposite side to said first and second arms 

with respeot 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. 

The head positioner configured as .such provides a 

differenc·e two times ·or more between the first and second natural 

frequencies, thereby making it possible in the oscillatory 

directions of a plurality of natural vibration modes that the 

head positioner has in two as the directions parallel to and 
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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 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. 10th. invention of the present invention is a The head 

positioner according to any one of the 1 at.to 9th. 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 plural! ty of natural vibration modes 

that the head positioner has can be thereby specified in two as 

the direction parallel to and the direction perpendicular to the 

straight iine 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 
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for preventing the natural oscillation in the direction of 

displacement of the head from being excited as well as preventing 

the natural oscillation in the direction of excitation due to 

the drive farce from exerting an influence on the head. 

A 13th. inventionofthepresentinventionis an information 

recor~ing or· reproducing apparatus at least comprising: 

the head positioner according to any qne of the l't. to 

12th. inventions and a recording medium. 

According to the information recording or reproducing· 

appa:ratus configured as such, positioning of the head is performed 

by the said head positioner of the present invention, thus high 

hea~-positioning accuracy is obtained. 

A 14th. invention of the present invention is an 

information recording or reproducing·apparatus comprising: 

a recordingmediumhaving recording tracks formed ther·ean, 

a head for reaordinq or reproducing 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, 

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 than a head arm for supporting a smaller 

number of heads. 
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A 15th. invention of the present invention is the 

information recording or reproducing apparatus according to the 

14th invention wherein 

a second moment of area of said head arm fo:i: supporting 

a ·1arger number of heads is greater than that of said head arm 

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. 

A 19th. invention of the present invention is the 

information recording or reproducing apparatus according to the 

18th. invention, wherein 

an area of a cross section, parall~l to said recording 

medium, of said penetrating hole is greater than that of said 

head arm for supporting a larger number of hea~s. 

A 21st. invention of the present invention is an information 

recording or reproducing apparatus comprising: 

a recording medium having recording tracks farmed thereon, 

·heads for recording or reproducing information an 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 said heads, 

a rotation supp.art mechanism for supporting rotatably said 

carriage at a center on a predetermined rotational shaft provided 

·on said base, 

a translation support mechanism for supporting said 
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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 

rotation s~pportmechanismand said base, or inside said rotation 

support mechanism, and 

a drive.mechanism for providing rotational drive forces 

for said carriage. 

A 27t:h. ·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 

said heads at predetermined recording tracks on said record media, 

wherein 

said head positioner comprises 

a carriage for supporting said heads, 

a rota ti on support mechanism for supporting rota tably 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 said h'ead positioner coinciding with points 

of application of a resultant force of said rotational drive 

forces. 

BRIEF DESCRJ:P~ION OF THE DRAw.cNGS 
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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 a plan view showing the oscillation of a quasi 

rigid body mode in the dir.ection parallel to straigh~ line A of 

a head positioner in a magnetic disk unit according to embodiment 

1 of the present invention. 

Fig .A2 (b) is a plan 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 ac~ording to embodiment 2 of the present invention. 

Fig.AS is a plot showing the frequency response 

characteristics of a head positioner according to embodiment 2 

of the present invention. 

Fig. A6 is a plan view showing a major portion of a magnetic 

disk unit according to eftlbodiment 3 of the present invention. 

Fig. A7 is a plan view showing a major portion of a magnetic 

disk unit aocordin~ to embodiment 4 of the pres~nt invention. 

Fig.AS is a plan view showing· a major portion of a head 

positioner of a magnetic disk unit accordinq to embodiment 4 of 

the present invention. 
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Fig. A9 is a plan view showing a major portion of a magnetic 

disk unit according to a prior art. 

Fig.AlO is a plot showin~ the frequency response 

characteristics of a head positioner of a magnetic disk unit 

according to a prior art. 

Fig. Bl ls 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 a headposi tioner in a magnetic disk unit according to embodiment 

1 of the present invention. 

Fig. 83 is a perspective view showing a carriage of a head 

positioner in a magnetic disk unit according to embodiment 1 of 

the. present invention.· 

Fig. B4 is a graph showing the frequency response 

characteristics of a head posi tioner according to each embodiment 

of the present invention. 

Fig. 85 is a plan view showing a arm sway mode of a head· 

positioner in a magnetic disk unit according to enibodiment 1 of 

the present invention. 

Fig. B6 is a graph showing the relationship between the 
. . 
resonance peak of a arm sway mode and the ratio of arm widths 

in embodiment 1 of the present invention. 

Fig. B7 is a perspective view showing a carriage of a head 

posi tioner in a magnetic disk unit according to embodiment 2 of 

the present invention. 

Fig. 88 is a perspective view showing a carriage of a head 

posi tioner in a magnetic disk unit according to embodiment 3 of 

the present invention·. 
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Fig. B9 is a plan view showing a major portion of a magnetic 

disk unit according to embodiment 4 of the present invention. 

Fig. BlO is a plan view showing a carriage of a head 

posi tioner in a magnetic disk unit according to embodiment 4 of 

the present invention. 

Fig. Bl_l is a side view showing a carriage of a head 

posi tioner in a magnetic disk unit according to embodiment 4 of 

the present invention. 

Fig. Bl2 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 a head pos i ti oner in a magnetic disk unit according to embodiment 

4 of the present ~nvention. 

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. BlS 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. B16 is a plan view showing a major portion of a magnetic 

disk unit acoording-to a prior art. 

Fig. B17 is a cross-sectional view showing the vicinity 

of a headpositioner in a magnetic disk unit according to a prior 

art. 

Fig. Bl8 is ~perspective view showing a carriage of a 

head positioner in a magnetic disk unit according ta a prior art. 

Fig. Bl9 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 p~ior art. 

Fig. B20 is a graph showing the fEequency response 

characteristics of a head positioner according to a prior art. 

[Description of Symbols] 

1 Magnetic disk 

2 Magnet,ic head 

3 Spindle motor 

4 Base 

6 Shaft 

7 Ball bearing 

B Suspension 

10, lOa, lOb Carriage 

11 Head arm 

12, 12a, 12b Coil arm 

13a High rigidity portion 

13b Low rigidity portion 

13c Balance member 

14, 14a Center member 

14b Hinge portion 

14c Slot 

15 Coupling member 

16, 17, 18, 19. Head positioner 

20 Drive mechanism 

21 Coil 
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23 Permanent magnet 

5 Head positioner 

10 1
, 110, 210, 310, 410 Carriage 

lla, llbi llc, llla, lllb, lllc, 2lla, 2llb, 2llc, 3lla, 3llb, 

31lc, 41la, 4llb, 411c 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 

42lb Sub coil 

DESCRIPTION OF THE P.REFERRJm EMBODIMENTS 

AMagnetic disk units according to the preferred embodiments of 

a head positioner and an informatio~ recording or reproducing 

apparatus of the present invention will be explained below wi~ 

reference to Fiq.A 1 through Fig.AB. Furthermore, compQnent 

elements that are the same as those of the prior-art magnetic 

disk unit are given the same reference numbers for purposes of 

explanation. 

(Embodiment l) 

Fig. Al is a plan view showing a major portion of a magnetic 

disk unit accordinq to embodiment 1 of the present invention. 

Referrinq to Fig .Al, a maqnetic disk 1 on which concentric record 
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tracks are formedrotatesbymeansof a spindle motor 3withconstant 

angular speed in the direction shown by the arrow. A head 2 that 

records 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 magnetic 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 shape of a cantilever 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 theproximi ty 

of the recording surface o~ the magnetic disk 1. 

The coil arm 12 is provided with a coil 21 of the shape . 

of a flat plate. A magnet 23 is opposed to the coil 21 via a slight 

space therebetween. The magnet 23 is attached t~ a yoke (not shown) 

secured to a base 4. On the side opposite to the magnet 23 of 

the coil 21 is pX"ovided a yoke (not shown) via a likewise slight 

space, thus a closed magnetic circuit is formed. The 

aforementioned coil. al and the said closed magnetic circuit 

constitute a known drive mechanism 20, which is called a voice 

coil 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 line "A" that connects the axial center of the shaft 

6 to the head 2. 

The balance arm 13 comprises a high rigidity portion 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 po·rtion 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 o.f 

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 direction 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. 

The 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 pqsi ti on 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 transport 

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 bearing 7. The 

carriage 10 is dxiven 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 

modew and transports the head 2 to carry out positioning. 

in the above configuration, carriage 10 and each member 

connecting thereof and coil 21 is correspond to a head supporting 

means of the present invention, shaft 6 and bearing 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 

carriage 10 is the typical ball bearing 7 like the one used in 

the conventional example. ·In principle, the ball bearing 7 

restricts degrees of freedom other than the degree of freedom 

of rotation, however, from a microscopic point of view, the ball 

bearing 7 has a degree of freedom of moving tn the direction 

perpendicular to the center axis (hereinafter ref erred to as the 
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direction of translation) due to elastic deformation of the balls 

or: the race rings. That is, the headposi tioner 16 has three degrees 

of freedom of a degree of freedom of rotation within a rotational 

plane and two degrees of freedom (degrees of freedom of 

translation) of moving in. the two-dimensional direction of 

translation.Therefore,thereexistthreenaturalvibrationmodes 

derived from the degrees of freedom of the ball bearing 7. One 

of them is the aforementioned rigid body mode, while the other 

two are the quasi rigid body modes in which mainly the bearing 

is displaced in the direction of translation. Therefore, it is 

necessary to consider the two quasi rigid body modes in order 

to extend the servo bandwidth of the positioning control of the 

head positioner 16. 

The head positioner 16 of the embodiment l assigns 

(~ereinafter 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 11 unexcitable 11 means that no occurrence 

of the oscillation 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 ""undetectable" means 

that the occurrence of oscillation in the headpositio·rier 16 would 

not be detected by me_ans of the magnetic head to· result in exerting 

no effect on positioning. In addition,. l::leing .. u;i:iexcitable" 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, the action far specifying the oscillatory direction 

of the quasi rigid body mode will be explained with reference 

to Fig.A2. Fig.A2 (a) and (b) are plan views showing the 

oscillations .of the two quasi rigid body.modes of the head 

posi ti oner 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 anisotropy for rigidity 

of the balance arm 13 as described in the foregoing. That is, 

the balance member 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 oscillatory system 

with one degree of freedom in the direction parallel to the straight 

line "A". Moreover, the balance arm 13 acts substantially as a 

rigid body in the directi,on perpendicular to the straight line 

"'A". Therefore, as shown in Fig.A2 (a), the head positioner· 16 

constitutes an oscillatQry system with two degrees of freedom 

_of a degree of freedom of translation of the ball bearing 7 and 

the degree of freedom of the balance arm 13 in the direction parallel 

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 

in which the balance arm 13 displaces integrally with the carriage 

10 in the direction perpendicular to the straight line "A". 

Therefore, the dynamic balances of forces are different from each 

other in the directions perpendicular to and parallel to the 

straight line "A". Even with the rigidity of the ball be~ring 

7 itself being isotropic, this causes the oscillation of the quasi 

rigid body mode to be divided 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 

quasi 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 

posi ti oner 16 of embodiment 1 allows the balance arm 13 to specify 

one of the potential quasi rigid body modes in the direction 

parallel to the straigh1: line "A" and the other in the direction 

perpendicular to the straight line "A". 

Next, the reason·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 oscill.ation of the head 2 on the recording track on which 

the head 2 is positioned on the magnetic disk shown in Fig.Al 

is parallel to the tangent of a recording track and has no component 

in the direction (the direction of he~d positioning) of the 

displacement of the head 2. Therefore, the positioning of the 

head 2 will never 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 force D intersects orthogonally that 

of the drive force n, so that the head positioner 16 would not 

be excited by means of the drive force D even when an oscillatory 

mode would potentially 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 

precondition 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 of 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 oscillatory direction 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 length of 

the balance arml3. The degrees of freedom of design can be increased 

by making the angle between the longitudinal direction of the 

low rigidity portion 13b with the straight line ftA" less than 

9.0 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 degrees between the innermost recording track 

and the outermost recording track. Therefore, the straight line 

ft A" cannot be made parallel to the tangents to all recording tracks. 

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. l, so that 

the straight line 11 A11 is substantially equal to the tangent from 

the position of the head 2 on a certain recording track. And the 

recording track is locate~ where each distance f·rom the outermost 

recording track and from the innermost recording track is equal 

or substantially equal on the magnetic disk 1. This allows the 

effect of the quasi rigid body mode to 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 a graph showing the measurements of the frequency 

response characteristics of the head posi tioner 16 according to 

the embodiment 1. Referring to Fig.A3, the abscissa axis 

represents the frequency of a drive current, wnile the ordinate 

axis represents the displacement, per unit· current, in the 

direction of headposi tioning. In Fig. A3, the peaks shown by arrows 

"a" and "b" are the resonance derived from two quasi rigid body 

modes. Compared with the frequency response characteristics of 

the conventional head posi.tioner shown in Fig .AlO, the resonance 

peak value shown by arrow "a" has been greatly suppre::tsed, 

resulting in good frequency characteristics. The peak shown by 

arrow "en is a peak derived from the arm sway mode. 

Asdescribedabove, theheadpositionerl6oftheembodiment 

1 specif !es two quasi rigid body modes to be parallel to and 

perpendicular to tangents to recording tracks, respectively, by 

the combination of the degree of freedom of bending of the balance 

arm 13 having anisotropy and the degree of freedom of translation 

of the ball bearing 7. This allows for making the first quasi 

rigid body mode "'undetectable" and the second quasi rigid body 

mode •unexcitable". Consequently, this. allows· oscillations to 

be eliminated without exerting an e.f.fect on head positioning and 
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the servo bandwidth of the head positioning control to be extend~d 

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 oscillatory direction of the quasi rigid body mode and to 

serve also as means for making the center of mass of the carriag~ 

10 coincide with the center of rotation, thereby simplifying 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 

balance member 13c can be disposed within a small rotational radius. 

Therefore, the carriage 10 can be balanced without increasing 

the moment of inertia too much. . . 

Furthermore, explanation has been given of the head 

positioner 16 of embodiment 1 in which the balance arm 13 is 

configured so 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, the 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 perpendicuiar to the tangent to the recording track. 

Furthermore, -explanation has been given of an example in 

which the balance arm ~3 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 have 

the anisotropy of the rigidity. For example, the carriage iO 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 configured 

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 

there~f may be provided with an elastic member having anisotropic 

rigidity. 

(Embodiment 2) 

Aheadposi tioner and information recording or reproducing· 

apparatus, ~-ccording 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 referen6e 

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 connecting 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 

embpdiment 2 has a further effect of extending the servo bandwidth 

by means of the coupling member 15 provided as well as the effect 

obtained by substantialiy·the same action as that of the head 

positioner 16 of said embodiment 1. When the influence of the 

quasi rigid body mode has be.en eliminated in the head positioner 

16 of embodiment 1, another factor-limiting the· servo bandwidth 

is the resonance· derived from- the bending mode of the head arm· 

11. In th~ frequency characteristics of the head positianer 16 

of embodiment l 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 oscillatory mode 

is present that the distal ends of the head arm 11 and co_il arm 

12 come close to each other and mo~e 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 arm 12. Fig .AS is a graph showing the frequency 

response characteristics of the head positioner of embodiment 

2. In Fig.AS, the resonance peak shown by arrow "c•, which is 

found in Fig.A3 of embodiment 1, has disappeared, resulting in 

good characteristics over a w.ide range of frequencies. 

As described above, the magnetic disk unit, according to 

embodiment 2, enables extending further the servo bandwidth by 

providing the coupling member 15 between the head arm 11 and the 

coil arm 12 in addition to the effect provided by the magnetic 

disk unit of embodiment 1. Consequently, this allows for providing 

improved accuracy of positioning and realizing a magnetic ~isk 

unit with a higher track density. 

(Embodiment 3) 
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A magnetic disk unit as a head positioner an information 

recording or reproducing apparatus, according to embodiment 3 

of the present invention, will be explained below with reference 

to Fig .A6. Fig .A 6 is a plan view showing a major por'tion 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 headpositioner 18 and thus the same reference numbers are given 

to the same components with their explanations being omitted. 

Referring to Fig.A6, a carriage lOa 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 lOa is provided with a cylindrical center 

member 14, and three arms consisting of a head arm 11, a coil 

arm12a, andabalancearml3d, each having the shape of a cantilever 

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 coil arm 12'a ·is provided with a coil 21 of 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 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 magnetic circuit 

constitute a known drive mechanism 20, which j.s called a voice 

coil motor·. 

A straight line "Bn 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 "An 

connectingthecenteraxisoftheshaft6tothehead2.Thedirection 

of the drive force D given to the carriage lOa, a movable body, 

by the drive mechanism 20 is perpendicular to the straight line 

"Bn. 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 rigid! ty 

of the coil ~rm 12a to the equivalent mass (hereinafter referred 

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 frequ~ncy of the head arm 11 is set to 7.SkHz, 

while the single natur~l frequency· ·of the coil am 12a is set· 

to 3.5kHz. 

In the above configuration, the head arm 11 is correspond 



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

correspond to the fifth arm of the present invention, and the 

balance arm 13d is correspond to the sixth armofprese~t invention. 

The balance arm 13d is disposed opposite to the head arm 

11 and the coil arm 12a with 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 balance arm 13d is set to a sufficiently higher value than 

the single natural frequency of the coil arm 12a. 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 

a metal with a large specific gravity such as tungsten. The center 

of mass of the carriage lOa lies on the center axis of the shaft 

6. 

The head posi tio:p.er 18 of the magnetic disk unit, according 

to embodiment 3, configured as such can obtain substantially the 

same effect as the head positioner 16 of embodiment 1. In said 

head positioner 16 of embodiment 1 shown in Fig .Al, the rigidity 

of the balance arm 13 has anisotropy in the directions parallel 

to and perpendicul,a·r to the· straight line •A". This allows for 

farming an oscillatory system with one degree of freedom.by elastic 

deformation in the direction parallel to the straight line •A" 
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and allows for acting as substantially a rigid body in the direction 

perpendicular to the straight line "A". This is combined with 

the degree of freedom of translation of the ba:ll bearing 7, thereby 

' 
specifying the two quasi rigid body modes to be parallel 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, this allows for forming an oscillatory 

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 the direction perpendicular to 

the straight line."B". 

Furthermore, since the head arm 11 and the balance arm 

13d are set to a sufficiently higher single natural frequency 

than the coil arm12a, both can be considered a rigidbody. Therefore, 

this allows for forming an oscillatory system of two degrees of 

freedom having the combj,.nation of the degree of freedom of elastic 

deformation of the coil arm 12a and the degree of freedom; of 

.. 
translation of the ball bearing 7 in the direction perpendicular 

to the straight line "B". On the 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 straight line "B". Therefore, of the two quasi rigid body 

modes, the first quasi rigid body mode is specified in the direction 
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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 perpendicular to 

the straight line. "B", the second quasi rigid body mode will 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 inode is excited by the drive force to cause an oscillation 

to occur. However, since the oscillatory direction at the position 

of the head 2 is parallel to recording tracks , the head 2 wil"l 

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

mode will never exert an ef·fect on the positioning control system. 

Furthermore, strictly speaking, a rotational moment 

occurs on the carriage lOa as a reacting force against the elastic 

deformation of the coil arm 12a to cause the rotational motion 

at the center on the shaft 6 to be generated. However, in the 

head positioner 18 of the embodiment 3, the angle between the 

straight line "A" and straight line "B" is set to 80 degrees, 

that is, or less than 90 degrees. This makes the oscillatory 

direction of the carriage lOa 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 the magnetic disk unit, according 

to the embodiment 3, can extend the servo bandwidth of the head 

positioning control without being limited by ~he quasi rigid body 

mode and provide further improved p·osi tioning accuracy. 

(Embodiment.4) 

A head positioner and an information recording or 

reproducing appai:atus, according to embodiment 4 of the present 

invention, will be explained below with reference to Fig.A? and 

Fig. A8, with a magnetic disk unit as an example. Fig. A? is a plan 

view showing a maj"or portion of the magnetic disk unit according 

to embodiment 4 of the present invention. Fig. AB is a plan view 

showing a carriage lOb of Fig .A7. The magnetic disk unit, according 

to embodiment 4, has the same configura~ion as that of said 

embodiment 1 except for a head posi tioner 19 an~ 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 

posi tioner 19 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 lOb is provided with a cylindr.:f:.cal llenter· 

member 14a, and three arms consisting of a head arm 11, a coil 

arm 12b, and a balance arm 13d, each having the shape of a cantilever 
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extending outwardly from the center member l4a. 

The head arm 11 supports, at the distal end portion thereof, 

the head 2 via the suspension B in proximity of the record surface 

of the magnetic disk 1. The coil arm 12b is provided with a coil 

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 magnet 23 of the coil 21 is provided 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 the known drive mechanism 20, which is called 

a voice coil motor. The direction of the drive force D given to 

the carriage lOb, 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 l3d is disposed opposite to the head arm 

11 and the coil arm 12h with respect to the center member 14a 

on a line that substantially bisects the central anqle between 

the head arm 11 and the coil arm 12b, provided with the balance 

member l3c fixed to the distal· end thereof. The balance arm 13c 

is made of a metal with a lax-ge specific gravity such as tungsten. 

The center of mass of the carriage 10 lies on the center axis· 

of the shaft 6. 



. . 

As shown in Fig.AS, there are provided two slots 14c 

(penetrating holes) in the shape of a circular arc, symmetrically 

with respect to a line perpendicular to the straight line "A", 

and the carriage lOb is coupled to the ball bearing 7 only at 

two hinged portions 14b. TJ:ie 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". The carriage lOb is supported by means 

of the center member 14a to provide low rigidity in the direction 

parallel to the s.traigh t line "A" and high rigidity in the direction 

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 conf~guration, 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 magnetic dis·k 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 embodiinent·l 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 th~ straight line "A". This allows the balance 

arm 13 to act as substantially a rigid body in the direction 

perpendicular.to the straight line "A". This is combined with 

the degree of freedom of translation ·af the ball bearing 7, thereby 

making the two quasi rigid body modes parallel to and perpendicular 

to a tangent to a recor~ing track, respectively. 

In the head posi tioner 19 of the embodiment 4, the center 

member 14a acts substantially in the same way as the balance arm 

13 of embodiment 1. That is, the carriage lOb is supported by 

means of the hinged portions 14b to provide low rigidity in the 

direc·tion parallel to the straight line •A" and high rigidity 

in the direction perpendicular to the straight line "A". Moreover, 

the head arm 11, coil arm 12b, and the balance arm 13d are provided 

with· a single natural frequency sufficiently higher th~n that 

of the center member 14a and thus can be regarded as rigid bodies. 

Therefore, this allows ·the carriage lOb to form an oscillatory 

system of two degrees of freedom having the combination of the 

degree of free~om of elastic deformation of the center member 

14a and the degree of freedom of translation of the ball bearing 

7 in the direction parallel to the straight line ""'A". On the other 

hand, this allows also for' foJ:llling an oscillatory system of one 

degree of freedom only in translation of the ball bearing 7 in 

thedirectionperpendiculartothestraightline~A".Consequently, 

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

to occur. However, since the oscillatory direction at the position 

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

.not detect the oscillation. 'l'herefore, the first quasi rigid body 

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

The he.ad pas i ti oner 19 in the magnetic disk unit, according 

to the embodiment 4, 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. 

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 al$o be applied, 

~or example, to an optical disk unit. That is, positioning a head 

so as to oppose a recording track. of a .recox-ding medium by uaing 

the head positioner allows 1'.-he·.present invention to be applied 

to any apparatus for recording or reproducing information. 
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Likewise, the.apparatus, not limited to a disk-shaped 

recording medium, maybe such that employs a tape-shaped recording 

medium. 

Moreover, in the explanation of the head positioning 

mechanism of each embodiment of the present invention, there a 

following condition: (A)the straight line "A" connecting the 

center of the shaft 6 of carriage 10 and the head 2, 

(B) (one of) the direction (s) of the bearing _trans! tion mode 

which is not orthogonal to the direction of the driving force 

D and 

(C) the tangent of the recording track when the head 2 is 

positioned on the recording track including the position of the 

head 2 

are all equal or parallel. 

However, 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 an embodiment with a rotary head pos i toner, 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 headpositioninqmechanism, 

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, explanation has been given to an embodiment .. . 
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with a voice coil motor as means for generating drive force, however, 

the drive means may be any; other type such as an electromagnetic 

type, an electrostat~c type, or piezoelectric type other than 

the·voice coil motor. 

As described above the head posi tioner ancl the information· 

recording or repraducinq apparatus, according to the.present 

invention, is provided with the means that make the oscilla.tory . . 
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 direction of the drive 

paint in at least.one natural vibration mode substantially 

perpendicular to the resultant force of the aforementioned drive 

forces. Therefore, the present invention can eliminate the effect 

of mechanical resonance that has been a limiting factor in servo 

bandwidth of the head positioning control to extend the servo 

bandwidth. Thii:s allows for providing improved head posi tioninq 

accuracy. The present invention makes it possible to ensure a 

servo bandwidth of l. lkHz on a magnetic disk unit with.a 3. 5-inch 

disk. consequently, this allows an information recording or 

reproducing apparatus with a high track density to be .realized. 

Next, magnetic disk units, according to the preferred 

embodiments of an infoi:mation recording or reproducing apparatus 

of the pri9sent invention, will be explained below with reference 

to Fig. Bl through Fig. B15. Moreover, component elements that 

are the same as those of the prior-art magnetic dis~ unit 
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(hereinafter referred to as prior art embodiment 1) shown in Fig. 

B16 through Fig. B20 are given the same reference numbers for 

purposes of explanation. 

(Embodiment Sl) 

Fig. Bl is a plan view showing a major portion of a magnetic 

disk unit according to embodiment Bl of the present j,nvention. 

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 presen.t invention. Fig. B3 is a perspective view showing 
l • 

a carriage of a head positioner in a magnetic disk unit according 

to embodiment Bl of the pr~sent invention. 

Re.ferring to Fig. Bl through Fig. B3, two magnetic disks 

la and lb, on \'lfhich concentric recording tracks are formed, rotate 

by meanf! of a spindle motor 3 with. constant angular speed. Four 

magnetic heads 2a, 2b, 2c, 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 2dare transported by means of a headpositioner 105 to position 

in 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 base 4 of the magnetic 

disk unit. However, the carriage 110 is provided with a sleeve 

112 for holding the ball bearings, and a rotor 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 determi~ed by the spring constant 

thereof and the mass of the rotor 114; approximately equal to 

llOHz. 

The rotor 114 comprises three head arms llla, lllb, and 

lllo, which have a predetermined length from the c;ienter of ,rotation 

in the radia~ direction. The head arm llla is provided, on the 

distal end portion thereof. with a head 2a via the suspensions 

8. The head arm lllb is provided, on the distal end portion thereof, 

with heads 2b and 2c via the suspensions 8. The head arm lllc 

is provided_, on the distal end portion thereof, with a head 2d 

via the suspensi,ons 8. That is, the head arm llla disposed above 

the magnetic disk la (when viewed toward the surface of the page 

of Fig. B2) and the head arm lllc disposed below the magnetic 

disk lb (when viewed in the same direction) support one head. 

On the other hand, the head arm lllb disposed between the two 

magnetic disks la and lb supports two heads. Each of the head 

arms llla, lllb, and lllc has the same thickness. In addition, 

the head arm llla and lllc has the same planar shape, whereas 

the head arm 11 lb is- larger in the spread angle compared therewith, 

with the head arms llla and,lllc being 751t the width of the proximal 

endoftheheadarml~lb. That is, theheadarmlilbisapproximately 

two times larger than the head arms· llla and lllc in the second 

moment of area produced by the deflection of the magnetic disks 

-i · toward the. surf aces thereof. Furthermore, the magnetic heads· · 
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2a, 2b, 2c, and 2d have the same shape. 

There is provided a planar coil 21 opposite to the head 

arms 111 across the center of rotatio~ 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 coii motor. The interaction between the 

magnetic flux generated by the permanent magnet 23 and the current 

flowing· in the 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 torque that 

allows the carriage 110 to rotate with the rotational axis on 

the shaft 6. Since the distribution of the magnetic flux is 

substantially unif arm 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) f, the point of application of the force can 

be considered to lie on an·arc equally distant from the perimeteJ:1 

(inner perimeter) near the shaft 6 and from the perimeter distant 
-· . 

therefrom(outerperimeter).Here,moreover,therotationsupport 

mechanism of the present invention corresponds 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 .. . ' ... a 
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embodiment.B 1 of the present invention, with such a configuration 

as described above is to be explained. 

The basic operation is the same as that of conventional 

example 1. That is, the magnetic heads 2 reproduce known servo 

position information written beforehand on the magnetic disks 

1 and the current flowing in the coil 21 is controlled based on 

the servo position information to transport and pasi tion the head 

2 so as to oppose desired recording tracks. The bead 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 lkHz. 

As described above, the servo bandwidth of the magnetic 

disk unit of the conventional example 1 was limited by a resonance 

peak. caused by high-order oscillation modes other than the rigid 

body mode of the head positioner 5, that is, the quasi rigid body 

mode, the arm sway mode, and the coupled arm-bear inq mode . However, 

in these embodiments, the quasi rigid body mode is 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 arm-bearing mode, 

the servo bandwidth has be·en drastically improved by reducing 

the resonance peak tremendously. 

First, the operation concerning the quasi rigid body mode 

is described. In the head posi tioner 105, the shaft 6•, a fixing 
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portion, is provided with the sleeve 112 (first mass) via the 

ball bearings 7 (a first spring) having translation rigidity . . 
In addition, the sleeve 112 is provided with the rotor 114 (second 

mass) via the elastic member 113 (a ~econd spring). Such a 

configuration can be considered to form a "mass-spring system_" 

with two degrees of freedom in series in the direction of 

translation. 

In general, .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, while the second 

translation oscillatory mode allows the sleeve 112 and the rotor 

114 to oscillate 1804 out of phase with each other. 

For the first translation oscillatory mode, the 

translation_rigid.i.tyof the elastic member 113 is set sufficiently 

smaller than that of the ball bearings 7, thereby making the natural 

frequency thereof equal to llOHz and thus making it.sufficiently 

small relative to the crossover frequency. In addition, for the· 

second translation oscil"latory made, 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 thus making 

it sufficiently large relative to the crossover frequency. 

Both of these two oscillatory modes 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 µ in the 

drawing. 

However, in this embodiment, the resonance frequenci~s 

caused by the two oscillatory modes are both placed apart 

sufficiently from the servo bandwidth, being adapted not to cause 

instability in the control. Moreover, the elastic member 113 

employs resin with viscoelasticity, thereby 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 present invention. In Fig. B4, the abscissa 
-

axis .indicates the· frequency of a sinusoidal current for 

activating the head positioner 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 llOHz, 

shown by arrow ~a• in Fig. B4 is derived from the first quasi 

rigid body mode. The resonance peak is sufficiently apart from 

lkHz of servo bandwidth (a gain crossover frequency) with a 

sufficiently large attenuation ratio, not exerting effects on 

the stability of control. Furthermore, a resonance peak derived 

fromthesecondquasi rigidbodymodedoes exi~tnear 18kHz, however, 

the peak does not appear in Fig. B4 because of a small gain thereof. 

Next, the operation relating to the arm sway mode is 

explained. The arm sway mode provided for-·-the head po~itioner 

105 in the magnetic disk unit, according to the embodi~ent Bl, 
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is a mode in which, as shown in Fig. B3, the upper and lower head 

arms llla and lllc are deflected in the directions indicated by 

arrows p and r, respectively, when the middle head arm lllb is 

deflected in the direction shown by arrow "q". Here, Fig. BS is 

a plan view showing the arm sway mode head posi tioner in a magnetic 

disk unit according to embodiment Bl of the present invention. 

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

The arm sway mode of this embodiment is similar in shape .. 
to that of the aforementioned conventional example 1 shown in 

Fig. B14. 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 

embodiment 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 

deqree of freedom are dynamically in balance 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 defl.ection 

of the respective head arms llla, lllb, and lllc, 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 (a component of the eigenvector) in the arm sway mode 

is equal to 2ero is given when all head arms have the same ratio 
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of equivalent rigidity to the.equivalent mass of each head arm 

(hereinaf:ter referred to as the arm balance condition). This state 

gives the inertia·1 force and elastic force internally balanced 

in the respective head arms. Under this condition, such a 

configuration is made possible as makes portions other than the 

head arm of the rotor 114 including the coil 21 a node of oscillation. 

On the contrary, when the arm balance condi ti~n is not satisfied, 

any configuration employed allows a dynamic balance to be k~pt 

to form the arm sway mode with the coil 21 beinq oscillated as 

well as the respective head arms llla, lllb, and lllc. 

In the aforementioned conventional example 1, each the 

head arms lla and llc supports each of the magnetic heads 2a and 

2d, whereas the head arm 1.lb supports two magnetic heads 2b and 

2c. The midcUe head arm llb supports two times as large the mass 

as each of the upper and lower head arms lla and l~c does. However, 

since head arms lla, llb and llc have the same support :i;igidity, 

the arm sway mode of the conventional head positioner does not 

satisfy the arm balance condition, so that the coil 21 is inevitably 

forced to oscillate. 

By contrast, the he.ad positioner of this embodimen~ is 

identical to conventional example 1 in that the middle head arm 

lllb supports two times as large the mass as each of the head 

arms llla and lllc on both ends do. However f the ~iddle head arm 

lllb is larger in width than the upper and lower head arms llla 

and lllc, giving approximately two times the support rigidity. 

This oonf igu~ation satisfies the aforementioned arm b~lance 
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condition. Under this condition, the shape of each portion of 

the carriage has been further determined such that the eigenvector 

of the coil position becomes substantially zero. Therefore, the 

arm sway mode of the head posi tioner according to this embodiment 

hardly allows the coil 21 to oscillate. 

Furthermore, strictly speaking, a change in width of the 

head arms 111 results not only in a change in rigidity but also 

in mas~·· In addition, the magnetic heads 2 supported by means 

of the suspensions 8 serves not only as a mass but also as spring. 

Therefore, in consideration thereof, the width of each of the 

head arms 111 is selected so that the ratio of the equivalent 

riqidi ty 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,inacertainnaturalvibratianmode,thesmaller 

the eigenvei;:itor at the ~oint of application of oscillation (the 

smaller the amplitude) , the smaller the peak val"ue of the resonance 

excited becomes. When the eigenvector of the point of application 

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. '!'he head positioner 105, · 

according to this embodiment, satisfies the aforementioned arm 

balance condition and is configured to make the eigenvector· 

component at the coil p9sition substantially equal to zero, 

thereby reducing "tjle amplitude of .the coil 21 and suppressing 

the resonance· peak value. Furthermore, to make the eigenvector 
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component substantially equal to zero means 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 invention. 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 iower head arms lila and lllc to the width of the middle 

head arm lllb. The larger the ratio of the head arms, the smaller· 

the ratio of the support rigidities· becomes. As shown in F-ig. 

B6, a ratio of armwidthsof 0. 735 allows the oscillatory excitation 

of the arm sway mode to be completely ceased, thus. eliminat.ing 

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 conventional example 1 that has the ratio of arm 

widths equal to 1. Moreover, a ratio of arm widths within the 

range of O. 71 through O. 7 6 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 eml:>odiment, the resonance peak 

indicated by arrow bin 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. Bl5. 

Next, the operation of the coupled arm-bearing mode is 

explained. Like the aforementioned conventional example 1, the 

head positioner 105 of the magne.tic disk unit, according t.o this 

embodiment, also has the coupled arm-be_C'.lring mode. As described 

abOVf=!, 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, accdrdingto this 

· embodiment, is configured so that the node appearing on the side 

of the coil 21 coincides with the position of the point of 

application c of the resultant force f of the aforementioned drive 

force. More specifically, the distribution of the mass of each 

portion 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 farce, 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 this embodiment, the resonance peak 

indicated in the drawing by arrow c is derived from the arm sway 

mode. It is found that the resonance peak is remarkably suppressed 

in hel,c;1ht compared with the aforementioned conventional example 

l shown in Fig. BlS. Moreover, as describ~d above, the· point of 

application c of drive force f lies ort 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. Accoi;dingly, 

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 invent.ion, is configured so as 

to attach the sleeve 112 to the shaft 6, a fixing portion, via 

the ball bearings 7 having translation rigid! ty. '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 riqid body mode can be placed apart 

from the servo bandwidth in order not to become an unstable factor 

in the control. 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 configuratio~ in which ~he middle head 

arm lllb is mad~ larger in<width than the upper and lower head 

arms llla and lllc, and about two times larger in support rigidity 

can drastically reduce the resonance peak which is caused by the . . 
arm sway mode. In addition, the point of application c of drive 

force coincides with the node of the coupled arm-bearing mode. . . 

can prevent the coupled arm-bearing mode from bel~g excited, 

thereby drastically reducing the resonance peak< These allow the 
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servo bandwidth for the control of head positioning to be 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 lkHz which has 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. 

Furthermore, according to this embodiment, the 

geometrical position of the drive force providing mechanism is 

not limited, thereby allowing the head posi.tioner to be readil~ 

accommodated in a housing with standard dimen~ions. 

Still furthermore, according to this embodiment, 

excessive inertia needs not to be added to the 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 embodiment employs a trapezoidal shap~ 

as a planar shapes for the head arms llla, lllb, and llla, however, 

other shape may be employed as well. In addition, the upper and 

lower head arms llla and llla may be configured so as to have 

notches at the proximal ends thereof, thereby providing the 

predetermined support 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 

taken as an example. Fig. B7 is a perspective view showing.a carriage 

of a head positioner in the magnetic disk unit according to 

embodiment B2 of the present invention. The maqnetic disk unit 

according t9 this embodiment has the same components and operation 
' 

as embodiment Bl and thus its explanatio~ is omitted, except for 

a·carriage .210 shown in Fig. B7. 

What is different in the carriage 210 of E'ig. B7 from the 

carriage 110 ·of embodiment Bl is only the configuration of the 

head arms 211a, 2 llh, and 211·c. 'l'he 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 2llb is two times 

the thickness of the upper and lower head arms 2lla and 21lc, 

respectively. In addition, the three head arms have all the same 

plane shapes. Therefore, the head a.rm 2llb is approximately two 

times larger than the head arms 2lla and 211c in the second moment 

of area produced by the deflection of the magnetic disks toward 

the surfaces thereof. 

The head posi ti oner, configured a~ such, of the magnetic 

disk unit, according to this embodiment, is adapted. not to cause 

the resonance peri ved from the quasi r.i,qidbody mode and the coupled . 

arm-bearing mode t~ provide an unstable factor to the control 

of head positioning based on the same action as that of the head 
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positione.r 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 211a and 21lc, and is thus approximately two times the support 

rigidity, thereby satisfying the arm balance condition described 

in the foregoing. Therefore, the same action as that of the head 

positioner of embo~~ment Bl allows the resonance peak derived. 

from the arm sway mode to be redYced, thus providing the same 

property as the frequency characteristics shown in Fiq. B4. Like 

th~ embodiment Bl, this allows servo bandwidth for the dynamic 

control of head positioning to be extended, thereby providing 

improved positioning accuracy. 

Furthermore, this embodimf;!nt allows each of the head arms 

211 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. 

(Embodiment B3) 

An information recording or reproducing apparatus, 

according to emboqiment B3 of the present invention, will be 

explained below with reference to Fig. B8, a magnetic disk being 

takenasanexample.Fig.B81saperspectiveviewshowingacarriage 

of a head positioner in the magnetic disk unit.according to 

embodiment B~ of the present invention. The magnetic disk unit, 

according to this embodiment, has completely the same co~ponen.ts 

and operation as embodiment Bl and thus its explanation is om! tted, 

except for a carriage 3.10 shown:·>in Fig. B8. 
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What is different in the carriage 310 of Fiq. BB from the 

carriage 110 of embodiment Bl is only the configuration of the 

head arms 31la, 3llb, and 3llc. The configuration of the· carriage 

310 except for this is the same as the carriage 110 of embodiment 

Bl, an~ its explanation is omitted with the same reference numbers 

given to the same components. 

As shown in Fig. BB, the head arms 31la, 31lb, and 31lc 

have completely the same thickness and planar. shape. In addition, 

the upper and lower head arms 31la and 31lc are provided with 

penetrating holes 315a and 315c, respectively_, whereas the head 

arm 3llb is not provided with a penetrating hole. Therefore, the 

head arm 3llb is two times larger than the head arms 31la and 

31lc in the second moment of area produced by the deflection of 

the magnetic disks toward the surfaces thereof. 

The head positioner, configured as such, of the magnetic 

disk unit according to this e~odiment, is adapted not to cause 

the resonance derived from the quasi rigidbodymode and the coupled 

arm-bearing mode to provide an unstable factor to the control 

of head positioning based o~ 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 3lla and 3llc are·:provided with penetrating 

holes and are th_us two times -~lie support rigid! ty of the middle 

head arm 3llb, thereby satisfying the arm balance condition. The 
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same action as that of the head positioner 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 

extended, thereby providing improved positioning accuracy. 

Furthermore, like the enIDodiment 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 oft.he 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 

support rigidity toward the surfaces of the disks and in the 

direction of torsion. By contrast, the carriage 310 according 

to embodiment 83 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, i11 the embodiment B3, only the upper and lower 

head arms 3lla, 3llb,_ and 3llc are configured so as ta have 

penetrating holes, however, the middle head arm 311b may be. 
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provided with a penetrating hole having a different shape from 

those of the head arms 3lla and 311c. For example, the middle 

head arm 3llb can be c~nfigured so as to have a penetrating hole 

smaller in the cross-sectional area than those of the head arms 

311a and 3llc, thereby providing a reduced moment of inertia for 

the en ti re carriage 310 while satisfying the arm balance condition. 

Moreover, the configuration may employ not only a penetrating 

hole but also a projection· and depression. 

Furthermore, explanations have been given on the 

precondition that resin with a viscoelasticity is used as the 

elastic member 113 in embodiments Bl through BJ, however, the 

present invention is not limited thereto and any elastic member 

with predetermined rigidity may 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 B3, 

explanations have been given on the precondition that the elastic 

member 113 is interposed between the sleeve 112 and the rotor 

114 in order to configure an oscillatory system with two degrees 

of fre.edom in series in which the ball bearings 7 serve as the 

firstspringandtheelasticmember 113 serves as the second spring, 

however, .the position of the elastic member 113 is not limited 

thereto. For example, the same effect can be obtained by . . 

.. 'configuring an osc~llatory sy.stein with two ~egr~es of freedom 
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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 

oftheaforementionedpositionstoconfigureanoscillatorysystem 

with three degrees of freedom in series. 

(Embodiment B4) 

An information recording or reproducing apparatus, 

according to embodiment B4 of the present invention will be 

explained bel-0w with reference to Fig. B9 through Fig. BlS, a 

magnetic disk being taken as an example. Fig. B9 is a plan view 

showing a major portion of the magnetic disk unit according to 

embodiment B4 of the present invention. Fig. BlO 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. 

Ref erring to Fig. B9 through Fig. Bl 1, two magnetic disks 

la and lb, on which concentric recording tracks are formed, ro.tate 

by means of a spindle motor 3 with constant angular 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 surf aces by means 

-of suspensions 8, respectively. The magnetic heads 2a, 2b, ·2c;v 
.. · :.-

and 2d are transported by means of a head posi ti oner 4 0 5 to p_os i ti on 

in order to oppose ~epired recording tracks of the nia.gnetic disks 
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1. 

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 base 4 of th~ m~gnetic 

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 

pair 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 413b with a viscoelasticity are inserted 

in between the sleeve .412 and the rotor 414. That is; the rotor 

414 is attached to the sleeve 412 via a uspring-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 41la, 41lb, and 

411c, which have a predetermined length from the center of rotation 

in the radial direction. ··The head arm 411a is provided, on the 

distal end portion thereof, with a head 2a via the. suspensions 

8. The head arm 411b is provided, on the distal end portion thereof, 

with heads 2b and 2c via the suspensions 8. The head arm 411c 

is provided, on the distal end portion thereof, with a head 2d 

and a head 2c via the suspensions 8. That is, the head arm 411a 

disposed above themagrietic disk la (when viewed toward the surface 

of the page of ·Fig. Bll) and the head arm 4llc disposed below 
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the magnetic disk lb (when viewed in the same direction) support 

one head. On the other hand, the head arm 41lb disposed between 

the two magnetic disks la and lb supports two heads . 

. Each of the head arms 411a, 4llb, and 41lc has the same 

dimensions. However, the head arms 41la and 411c are provided 

near the proximal end thereof with a pair of notches 415a and 

415c, whereas the head arm 41lb is not provided. The width Wl 

of the cross section with the notches of the head arms 4lla and 

41lc 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 afor.ementioned setting, the head arm 41lb is 

approximately two times larger than the head arms 411a and 411c 

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, 2c, and 2d have the same shape. 

There is provided a main planar coil 421a on the side 

opposite to the head arms 411 across the center of rotation of 

the rotor 414. Moreover, there is provided a sub coil 42lb inside 

the main coil 421a. There is disposed apermanentmagnet 423 opposed 

to the two coils 421aand42lbwith a certain clearance therebetween, 

thus cons ti tu ting a drive mechanism 420, which is typically called 

the voice coil motor. 

The portion that cu.ts the magnetic·xlux of the permanent 

maqnet-·420 along the sides of the main coil 421a and the sub coil 
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42lb, 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 generating 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 42lb. 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 42la. In 

addition, an output current Io of a driver (not shown) is divided 

in a predetermined proportion into a current Ia flowing in the 

main coil 42la and a current Ib flowing in the sub coil 42lb, 

with the proportion being variable. 

Energizing the main coil 42la and the sub coil 42lb 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 posi ti oner, configured as such, of the magnetic 

disk unit, according to this embodiment, is adapted not to cause 

the resonanc.e: derived from the quasi rigid body mode to provide 

an unst~ble factor to the control of head_p.psitioning based on 

tb.e same action as that of the he~.d posit~oner 105 according to 

... . : embodiment Bl. 
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Fig. Bl2 is a graph showing the frequency 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 in decibels. 

The resonance peak shown by arrow fta" in Fig. B4 near 210Hz is 

derived from the quasi rigid body mode. This resonance peak is 

sufficiently apart from the servo bandwidth (a gain crossover 

frequency) of lkHz with the attenuation ratio 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 leading to less 

deformation 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 

so long as a member with a viscoelasticity is disposed across 

the sleeve 412 and the rotor 414. 

Next, c~ncerning the arm sway mode, the upper and lower 
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head arms 411a and 4llc are provided with notches 415a and 415c, 

and are thus half times the support rigidity of the middle head 

arm 411b, thereby satisfying the arm ~alanc;:::e condition described 

above. 

Therefore, the same action as that of the head positioner 

105 of embodiment Bl allows the resonance 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 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. 

Next, the operation of ~he coupled arm-bearing mode is 

explained. 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. Bl3 

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 indicated by dashed 

lines in Fig. 813 is the shape before the deformation, whereas 

shape B shown by solid lines is the on·e whe~··deformed. Th~s 
. . 

oscillatory mode takes place in a manner ~uc~ that the middle 

portion deflects 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 po~nt n appears slightly toward the inner perimeter 

(at the position 21mm apart from the center of the shaft 6) from 

the midpoint·of the drive force generating portion of the 

aforementioned main coil 42la. ·More sp~cifically, 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. B14 is a view showing a drive force of the head 

positioner in the magnetic disk unit according to the embodiment 

B4 of the present invention. In the graph shown in the graph, 

the abscissa 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 pis the distribution of the drive 

force produced by means of the main coil 421a and while a graph 

indicated by 1 by q is the distribution of the d.t:ive force produced 

by means of the sub coil 421b. 

When th~_se d~stributed forces are displaced by equivalent 

concentrated force~, the diatributed force p changes to fo.rce 
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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 c 

is to vary depending on the ratio of the current Ia of the main 

coil 42la to the. current Ib of the sub coil 42lb. For example, 

with Ia constant, point c 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 applicatio~ a of the drive 

force can be set to any point dependi~g on the setting of the 

ratio of Ia through Ib. 

Fig. Bl5 is a graph showing the relationship between the 

resonance peak of the coupled arm-bearing mode and the 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 fr!)m the coµpled arm-bearing mode. The point shown 

by arrow d (the position at 21mm) is the position of node n of 

the coupled arm-bearing mode, which has been explained with 

reference to Fig. Bl3. 

Referring to Fig. BlS, the magnitude of the resonance peak 

decreases as the position of drive point c approaches the node 

n of the mode. The· coupled arm-beari~g mode will be completely 

subjected· to no excitation when the position of drive point c 

coin-c::ides precisely with node n of the mode, causing the resonance 
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peak to disappear.·Moreover, the height of the resonance peak 

can be made one-tenth or less when the position of drive point 

c is 1.2nun 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 thepositionof drive point c is within ~he distance of 0 .18mm. 

As described above, in this embodiment, first, the carriage 

410 is configured so that the node n of the.mode is positioned 

slightly toward the inrier perimeter from the midpoint of the drive 

force generating portion_ of the main coil 421a. Secondly, the 

ratio of the current Ia of the main coil 42la to the current Ib 

of the sub coil 42lb 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 the head positioner 405 according to this embodiment shown 

in Fig. Bl2, 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 

ratioofcurrentiatocurrentibisasfollows.Thatis,asinusoidal 

wave of-'a single frequency of the resonance f~equency of the coupled 

.. arm-bearing~ode (equal to 4. lkHz in this embodiment) is inputted 

to vary the ratio of current Ia to current Ib while the displa.oement 

80 



of the magnetic heads 2 are measured, and the ratio is set to 

the minimum value of the displacement. 

As described above, the head positianer 405 of the 

embodiment B4 of the present invention is configured in a manner 

such that the shaft 6, a flxing portion, is provided with the 

sleeve 412 via the ball bearings 7 having translation rigid! ty. 

The head positioner 405 is also configured such that the sleeve 

412 ip provided with the rotor 114 via the parallel plate springs 

413a and the dampers 413b. This configuration allows the resonance 

frequency derived from the quasi rigid body mode to be separated 

sufficiently from the servo bandwidth as well as the resonanc~ 

peak to attenuate sufficiently to avoid giving an unstable factor 

to the control. 

Furthermore, the head positioner 405 has such a 

conf iquration that the upper and lower head arms llla and lllc 

are provided with the notches 415a and 415c, respectively, and 

thus made smaller in the cross section than the middle head arm 

lllb, 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 42la and the sub coil 42lb with 

different points of application of drive force, and as to allow 

· the point of application of the resultant force of drive points 

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 

4lla and 411c to be provided with notches 415a and 415c. However, 

such a configuration may be employed in that the ~iddle head arm 

4llb is also provided with the notch, so long as the aforementioned 

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 411c for 

suppor.ting one, two, arld one magnetic heads 2 , resp_ecti vely. . 

However, for such a unit as has the re~ording medium la. the upper 

surf ace of which is not used for recording,. the 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 employs only one recording 

medium, the number of magnetic heads 2 will be zero, one, and 

one, respectively. According to the present invention, a first 

process for forming the sbape of the rotor 414 without notches 

and a second proces.s for forming notches 415 in accordance with 

thenumberofmagneticheads2tobesupportedareprovided,thereby 

allowing units having different specifications to be shared with 

the same component. Incidentally, even in cases where the !).umber 

of the magnetic heads 2 to be supported is of three types or more, 

such a conf igurati~n 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 the support 

rigidity of the head arm becomes. 

Furthermore, in any embodiment of the present invention, 

explanation has been 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 

employed in that each arm is formedas aseparatem.emberandprovidf!'S 

a difference in rigidity of the coupling pprt:ion w.hen attached 

to the rotor. ~, ."·. 
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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 heact··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 or a head arm for supporti.ng 

no heads, so long as the arm balance 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 (three in typical cases) for use in two recording 

media (for example, magnetic disks) are used for recording or 

reproducing one recording me di um for reasons off abr ica ti on. (Th is 

is because two arms are typically used for one recording medium.) 

This arm cor~esponds 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 re~onance that 

has been a l·imi ting factor in servo bandwidth Qf the h~ad 

positioning control to ·extend the. servo bandwidth. This allows 

for providing· improved he.ad pos1 tioning 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 suppoi:.:tinq means for supporting a head for recording 

or reproducing information on a recording medium having recording 

tracks formed thereon, 

a rotate support portion for supporting rotatably said 

head supporting 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 

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, 

substantially parallel to a direction of a tangent at such position 

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 vibration~ode substantially perpendicular to a direction 

of said drive force. 

2. The head positioner comprising: 

\ \11\11\ \\\I\\ Ill\\ \\1\1 ll lll\ 
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a head supporting means for supporting a head for recording 

or reproducing information on a recording medium having recording 

tracks formed thereon, 

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 point of said head 

supporting means, 

said head supporting means transporting said head 

substantially in a direction orthogonal to said recording tracks 

around a center of a rota ti on al axis in said rotate support portion 

to position said head at a predetermined recording track of said 

recording medium, wherein 

said 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 positioner has 

substantially parallel to a direction of a line connecting a center 

of said rotate support portion to said head, and for making an 

oscillatory direction of a drive point at least another one natural 

vibration mode substantially perpendicular to a direction ~f ~aid 

drive force. 

3·. · The head posi tioner according to Claim 1 or 2, where 

in 

sa'ict head supporting means comprises ' . 
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a first arm for supporti.ng 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 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 portion. 

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 

a high rigidity portion 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 tioner according to Claim 1 or 2 , 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 ~t a position displaced by a predeterm.µied angl~ from 
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a direction 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 fifth 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 rotate support portion, and 

said notched portion is to reduce the natural frequency 

of said fifth arm. 

8. The head posi tioner according to claim 1 or 2, wherein 

said head supporting means comprises 

a seventh arm for supporting said head, 

a eighth arm disposed, at said rotate support portion, 

in a direction perpendicular to said first arm and supplied with 

said drive force from said drive means, and 

· :· a ninth arm disposed to said rotate support po_rtion, at 

said rotate support portion, on a line substantially dividing 

a central angle between said seventh arm and said eight~ arm into 
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two angles, in a direction opposite to said seventh and eighth 

arms with respect to said rotate support portion, 

acentermemberforcouplingsaidrespectivearmstosupport 

said respective arms, and 

said center member has different rigidities in a direction 

parallel to said seventh arm and in a direction perpendicular 

· to the direction . 

9. The head positioner according to Claim 8, wherein 

said center member is provided with a plurality 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 support portion and 

said head. 

10. The head posi tioner according to any one of Claims 

1 to 9, wherein 

said head supporting means is configured so that a center 

of mass thereof coincides substantially with a center of rotation 

thereof. 

11. The head posi tioner according to any one of Claims 

3 to 11, wherein 

said third, sixth or ninth arm is provided, on a distal 

end thereof, ~ith a balance membe,r, and 

said balance member is made of a mat~rial with a la~ger 

specific gravity than materials of said. first and .second arms, 

those of said forth and f.ifth· arms or those qf ·said seventh and 
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eighth arms, respectively. 

12. The head positioner according to any one of Claims 

3 to ll, 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 least comprising: 

the head 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 reproducing 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, 

said at least two head arms support zer.o, 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 reproducing 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~ The information recording or reproducing apparatus 

according to Claim 15, wherein 

a length of a shorter side of a plane, orthogonal 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 penetrating hole on a plane opposed to said recording medium. 

19. The information recording or reproducing apparatus 

according to Claim 18, wherein 

an area of a cross section, parallel to said recording 

medium, of said 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 s.upporting 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 recording medium having recording tracks formed thereon, 

heads for recording or reproducing information on said 

recording medium, 

a head positioner, provided on a ~ase, for position~ng 

said heads at predetermined recording tracks on said record media, 

wherein 

said head positioner comprises 

a carriage for supporting said heads, 

a rotation support mechanism 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 translatiqn rigidity, disposed between 

said carriage and said 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 to Claim 24, wherein said tra~slation support mechanism 

has a further viscou~ elastic member with one end thereof fixed 

to said carriage and the other end thereof fixed to said rotation 

support mechanism. 

26. The information recording or reproducing apparatus 

accordinq to Claim 15, wherein 

said head arm for supporting a smaller number of heads 

is formed so as to be substantially less than said head arm for 

supporting a larger number of heads in a cross-sectional area 

of a predetermined cross section orthogonal to said recording 

medium. 

27. 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 

said heads at predetermined recording tracks on said record media, 

wherein 

said head positioner comprises 

a carriage for supporting said heads,~~----'-'---~~~~~~ 
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a rotation support mechanism for 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 posi tioner has nodes of mode shale of natural 

vibration modes of said head posi tioner 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 

saiddrivemechanismhas adrivepointadjustmentmechanism 

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 

said drive point adjustment mechanism has a first drive 

force generating portion and a second drive force generating 

portion, wherein 

a distance between a point of application of a resultant 

force of drive forces generated by said first drive force 

generating portion 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 said 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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