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The present invention relates to a rotary 

information recording/reproducing apparatus for turning 

5 and positioning a head to a predetermined point on an 

10 

information recording disk and, more particularly, to a 

rotary information recording/reproducing apparatus which 

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

speed and with high accuracy. 

A prior art magnetic disk apparatus will be 

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

example. Information recording disks arranged one above 

another are driven to rotate at a constant speed t 

15 disk rotating motor fixed to a base. Heads are su 

by carriage guide arms through head suspensions in such a 

manner that each head is floated with a small gap held 

relative to an associated disk for recording/reproducing 

information. High-speed and highly accurate positioning 

20 of the head is performed by rotatively driving the 

carriage with a voice coil motor. The carriage is 

mounted and supported through ball bearings on and by a 

pivot shaft fixed to the base such that the carriage can 

rotate about the pivot shaft. The voice coil ~o,tor 

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

carriage, whereas the permanent magnets and the yoke 

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

fixed to the base. Since the voice coil surrounded by 

p 

5 the magnet-yoke assembly in sandwiched relation is under 

the action of a magnetic field, the carriage is 

rotatively driven when the voice coil is supplied with 

electric power. 

However, when a driving force is generated in 

10 the voice coil with the supply of electric power to the 

voice coil, a resultant reaction force acts on the 

magnet-yoke assembly of the voice coil motor to vibrate 

the base, thereby causing vibration excitation of the 

disk. Also, with the generation of the driving force in 

15 the voice coil, translational excitation force acts on 

20 

the carriage pivot shaft at the same 'time, thereby 

vibrating a carriage supporting system. A resultant 

vibration force acts on the disk driving motor to vibrate 

it, and hence the disk is further vibrated. 

In view of the above problems, the prior art 

disclosed in Japanese Unexamination Patent Publication 

No. 1-222647 and U.S. Patent No. 4,620,252, for example, 

has been proposed. The prior art apparatus includes two 

flat type driving coils attached to' a carriage on 

25 opposite sides of the carriage pivot shaft axis. Two 

sets of magnet-yoke assembly are arranged in non-contact 

relation to the driving coils for rotating the carriage 

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

carriage pivot shaft and to reduce vibration of a 

structural member caused by the carriage motion. 

According to the prior art disclosed in the 

5 above-cited Japanese Unexamination Patent Publication No. 

1-222647 and U.S. Patent No. 4,620,252, however, an 

information recording disk having a sufficiently large 

outer diameter cannot be accommodated in a housing of the 

apparatus, makin.g it difficult to provide the apparatus 

10 with a large capacity. Specifically, because the two 

driving coils are attached to the carriage in opposite 

relation with respect to the axis of the carriage pivot 

shaft and the magnet-yoke assemblies are arranged around 

the driving coils, the axis-to-axis distance between the 

15 carriage pivot shaft and a disk rotating shaft or spindle 

must be set to be greater than required in other conven­

tional apparatus using one driving coil, in order to 

avoid interference between the carriage and the disk. If 

a disk having a conventional large outer diameter is 

20 installed in the apparatus housing, the size of the appa-

ratus must be increased in the longitudinal direction 

thereof. 

Further, in order to satisfy form factor dimen­

sions such as 1.3, 1.8, 2.5 1 3.5 or·5.25 inches which are 

25 standardized for small-sized magnetic disk apparatus, the 

disk size must be reduced to such an extent as not 

departing from the apparatus dimension in the longi-

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

axis-to-axis distance as discussed above enlarges the 

size of a carriage guide arm, resulting in the increased 

inertial moment of rotating members. This requires a 

longer access time and, if the.output of a carriage 

driving motor is increased as measures for avoiding such · 

a drawback, the apparatus size would be necessarily 

enlarged. Thus, it has been difficult to realize a 

mechanism which can maintain the apparatus within the 

standardized form factor dimension, to suppress vibration 

imparted to a disk via a base or carriage to the extent 

possible, and to position the head at a high speed and 

with high accuracy. 

The first feature 

of the present invention resides in a rotary information 

recording/reproducing apparatus which includes at least 

one disk for recording information, a carriage supporting 

a head to record/reproduce information on or from said 

disk and being positioned in the radial direction of said 

disk, and a carriage driver for applying a torque to said 

carriage, a carriage actuator including two driving coils 

attached to said carriage and a magnet-yoke assembly 

which comprises permanent magnets and at least one yoke, 

said magnet-yoke assembly and said driving coils being 

attached to said carriage substantially on opposite sides 

of a carriage pivot shaft· axis and at a position just 

outward of a region where magnetic flux leaking from said 

magnet-yoke assembly affects said disk. 
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The second feature of the present invention 

resides in a rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver, a carriage actuator including two 

driving coils attached to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at least 

one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of said carriage pivot shaft 

and another line connecting said head and the center of 

said carriage pivot shaft is not larger than 90 degrees 

and that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot ~haft is within the range of from 100 

degrees to 150 degrees. 

The third feature of the present invention 

resides in a rotary information recording/reproducing 
. . 

apparatus which includes at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the.radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support ________ ._ 
THIS SHEET HAS BD:N 
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and accommodate said disk, said head, said carriage and 

said carriage driver, a carriage actuator including two 

driving coils attached to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at lease 

one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of said carriage pivot shaft 

. and another line connecting said head and the center of 

said carriage pivot shaft is not larger than 90 degrees 

and that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot shaft is in the range of from 100 degrees 

to 150 degrees, said first and second driving coils being 

flat in shape, means for supporting said magnet-yoke 

assembly, said supporting means being mounted on one 

surf ace of said base outwardly of an outer peripheral 

surface of said magnet-yoke assembly, said magnet-yoke 

assembly supporting means being arranged to be within the 

dimension from said one surf ace of said base to an end 
. 

face of said magnet-yoke assembly spaced from said one 

base surface. 

The present invention may 

realize a reduction in both apparatus size and thickness 

and, hence, to provide a rotary information recording/ 

reproducing apparatus which is within the standardized 

form factor dimension. 

The present invention may 

provide a high-performance rotary information recording/ 

reproducing apparatus equipped with a low-vibration head 

• 
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h · m in which an information recording 'tioning mec anis poSJ. 
d f m vibrating due to a reaction force disk is prevente ro 

· h d · 'ng of a carriage, and a translational generated wit rivi 

excitation force acting on a carriage pivot shaft upon 

generation of a carriage torque is reduced to the extent 

possible. 
In a preferable embodiment of the present 

invention, said magnet-yoke assembly supporting means 

includes at least three sheet springs, two assembly­

supporting members and reaction-force damping members, 

said sheet springs being mounted radiating out from said 

carriage pivot shaft between the outer peripheral.surface 

of said magnet-yoke assembly and said assembly-supporting 

members such that each of said sheet springs extends 

perpendicularly to said base and the center of said 

~: carriage pivot shaft is positioned in a plane including 

the sheet spring, said assembly-supporting members being 

mounted to said base to support said magnet-yoke assembly 

so as to be independent of said base and infinitesimally 

rotatable, said rea~tion-force damping members being 

plate-shaped members each mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and an 

inner peripheral surf ace of one of said assembly-

supporting members. 

THIS SE::..::ET EA~~ ;.='::·.: 
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Alternatively, the sheet springs may be 

replaced with ball bearings or sliding bearings. 

m~gnet-yoke assembly supporting means may comprise a 

dashpot mechanism provided on the outer peripheral 

S surf ace of the magnet-yoke assembly and a assembly­

supporting member for supporting the dashpot mechanism. 

Preferably, the yoke of the magnet-yoke 

assembly may include an outer peripheral portion and an 

inner portion lying inwardly of the outer peripheral 

10 portion, a radial thickness of the outer peripheral 

portion being greater than an axial thickness of the 

inner portion. Also preferably, the yoke of said magnet­

yoke assembly has a generally semicircular shape provided 

with central opening for said carriage and with a cutout 

15 formed in continuity with said opening and having diverg­

ing edges extending substantially parallel to an outer 

peripheral edge of said disk; a central angle formed 

between the diverging edges of said cutout being smaller 

20 

than 180 degrees. 

Further preferably, at least one sheet spring 

is mounted between the outer peripheral surf ace of said 

magnet-yoke assembly and said assembly-supporting member, 

said sheet spring being fixed to said magnet-yoke 

assembly and said assembly-supporting member such that 

25 said sheet spring extends substantially perpendicularly 

to said base and the center of said carriage pivot shaft 

is positioned in a plane including said sheet spring, 

whereby said magnet-yoke assembly is returned to its 

~---------.. ---....... .,., .. 
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1 Posl..tion after infinitesimal rotation . neutra 

According to the above first feature, since the 

magnet-yoke assembly id suspended and the driving coils 

are mounted at a position just outwardly of a region 

5 where magnetic flux leaking from the magnet-yoke assembly 

affects the disk, the axis-to-axis distance between the 

disk rotating shaft or spindle and the carriage pivot 

shaft can be reduced while magnetic recording on the disk 

is kept in a high-accurate state. Therefore, it is also 

10 possible to reduce the distance between the head and the 

center of the carriage pivot shaft, the distance between 

the center of the carriage pivot shaft and an end face of 

the apparatus, and further the apparatus size. In addi-

tion, since carriage guide arms can be shortened, the 

15 inertial moment of the carriage is eventually reduced, 

resulting in a higher-speed positioning of the head. 

According to the above second feature, since 

the angle formed between a line connecting the center of 

the first driving coil and the center of the carriage 

20 pivot shaft and· another line connecting the head and the 

center of the pivot shaft is not larger than 90 degrees, 

and the angle formed between the center· lines of the 

first and second driving coils about the center of 

carriage pivot shaft is in the range· of from 100 degrees 

25 to 150 degrees, the magnet-yoke assembly surrounding the 

two driving coils in sandwiched relation can be prevented 

from interfering with the disk. Also, since the axis-to-

axis distance between the spindle and the carriage is 

ESI-~~~ET HAS BEEN 1' 
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reduced, the carriage guide arm can be shortened and the 

inertial moment of the carriage can be reduced corre­

spondingly. Further, since the two driving coils are 

mounted around the carriage pivot shaft in angularly 

5 spaced relation in the circumferential direction of the 

shaft axis, the carriage can be rotatively driven by a 

force substantially close to a couple so that a trans-

lational excitation force acting on the carriage pivot 

shaft is reduced during the operation. It is to be noted 

10 that, when the two driving coils are so mounted as to be 

spaced 120 degrees, the translational excitation force 

acting on the carriage piv9t shaft can be reduced to a 

half that produced in the prior art apparatus, and when 

spaced 150 degrees, it can be reduced to a quarter. This 

15 enables the apparatus size to be· reduced within any of 

the standardized form factor dimensions and is also 

advantageous in respect of high-speed positioning of the 

head. Additionally, components of the carriage actuator 

are assembled ~nto an integral unit. The magnet-yoke 

20 assembly can be attached to and detached from the 

apparatus as one unit, resulting in an improvement in 

assembling efficiency. 

Moreover, according to the above third feature, 

since the two driving coils are flat in shape and the 

25 magnet-yoke assembly supporting mean is mounted outwardly 

of the outer peripheral surf ace of the magnet-yoke 

assembly and is arranged to fall within the height from 

the base surf ace to the upper end face of the magnet-yoke 

THIS SHEET HAS BEEN 
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assembly, the thickness of the apparatus can be reduced 

remarkably. 

In the preferred embodiment, since the magnet-

yoke assembly supporting means includes sheet springs, 

5 assembly-supporting members and reaction-force damping 

members, the magnet-yoke assembly is suspended by the 

supporting means so as to be independent of the base and 

infinitesimally rotatable and is also supported through a 

damping structure comprising the reaction-force damping 

10 members. Therefore, the structural vibration of the 

base, due to a reaction-force which is generated in the 

opposite direction to the driving force can be reduced. 

As a result, the relative displacement of the head and 

disk due to structural vibration can be prevented, 

15 thereby achieving a high-speed and highly-accurate head 

positioning. A similar advantage can also be obtained by 

using ball bearings or sliding bearings instead of the 

sheet springs, or by employing a combination of dashpot 

mechanism and assembly-supporting member to construct the 

20 magnet-yoke assembly supporting means. 

Further, when the yoke of the magnet-yoke 

assembly is constructed such that the radial thickness of 

its outer peripheral portion is greater than t~e axial 

thickness of its inner portion, a structure is realized 

25 in which the inertial moment of the magnet-yoke assembly 

subjected to the reaction force is much greater than the 

inertial moment of the rotating members. As a result, 

the effect of canceling the reaction force imparted to 

i'HtM ~HURT HAS BEEN 
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the base is enhanced so that the head and the disk can b 
~. 

more positively prevented from being shifted in by vibra~ 

tion of the structural member, thereby achieving a high~ 

speed and highly-accurate head positioning. Also, when 

5 the magnet-yoke assembly is provided with a semicircular 

opening in its central portion and with a cutout defined 

by rectilinear edges extending from the center to the 

outer periphery thereof with a central angle between the 

edges being not larger than 180 degrees, the entire 

10 magnet-yoke assembly can be attached to and detached from 

the apparatus even in a condition that the carriage and 

the disk are kept assembled on the apparatus, with a 

resultant improvement in the assembling efficiency. 

Additionally, when the outer peripheral portion 

15 of the magnet-yoke assembly and the assembly-supporting 

member is coupled to each other by at least one sheet 

spring, a mechanism for returning the magnet-yoke 

assembly to its neutral position after infinitesimal 

rotation can be provided to prevent the magnet-yoke 

20 assembly and the driving coils from being offset from 

their initial positions, so as to generate stable driving 

force at all times, thereby achieving a high-speed and 

highly-accurate head positioning. 

The above and other 

25 advantages of the present invention will be more apparent 

from the following description made merely by way of example 

with reference to the accompanying drawings. 

'l'Hl~ ~amrrr HAS BEEN 
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Figure 1 is a schematic illustration of an 

entire structure of the first embodiment of a rotary 

information recording/reproducing apparatus according to 

5 the present invention; 

Figure 2 is a graph showing the relationship 

between a twin-coil separation angle and a translational 

excitation force acting on a carriage pivot shaft, and 

the range in which the standardized form factor dimension 

10 is satisfied; 

15 

Figure 3 is an exploded view showing various 

components of the embodiment shown in Fig. 1 and the 

mutual positional relationship between these components 

in an assembled state; 

Figure 4 is a sectional view of a carriage 

actuator taken along line IV - IV in Fig. 1; 

Figure 5 is a timing chart showing an advantage 

of the present invention; 

Figure 6 is a schematic illustration similar to 

20 Fig. 1, but showing the second embodiment of the present 

invention; 

Figure 7 is an exploded view showing various 

components of the embodiment shown in Fig. 6 and the 

mutual positional relationship between these components 

25 in an assembled state; 

Figure 8 is a schematic illustration similar to 

each of Figs. 1 and 6, but showing the third embodiment 

of the present invention; 

tnw SHEET HAS BEEN 
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Figure 9 is a sectional view taken along line ~ 

IX - IX in Fig. 8; 

Figure 10 is a perspective view of a reaction­

force damping member for use in the embodiment shown in 

5 Fig. B; 

Figu~e 11 is a perspective view of a modifica­

tion of the reaction-force damping member shown in Fig. 

10; 

Figure 12 is a sectional view of a modification 

10 of the embodiment shown in Fig. 9; 

Figure 13 is a schematic illustration of an 

entire structure ~f the fourth embodiment of the present 

invention; and 

Figure 14 is an exploded view showing various 

15 components of a dashpot mechanism for use in the embodi­

ment shown in Fig. 13 and the mutual positional relation­

ship between these components in an assembled state. 

Referring to Fig. ·1, a plurality of information 

20 recording disks 13 arranged one above another in a direc­

tion normal to the drawing sheet of Fig. 1 ar~·rota~ively 

driven by a disk rotating motor 14 fixed to a base 12. A 

head 1 used to record/reproduce information is secured to 

a carriage 3 through a head suspension 2. Two ball bear-

25 ings 11 are mounted on a pivot shaft 4 which is fixed to 

the base 12. The carriage 3 is rotatable about the axis 

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

THIS SHEET HAS BEEN 
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races of the ball bearings so as to be rotatable about 

the carriage pivot shaft 4. A voice coil motor 

constituted by a magnet-yoke assembly, comprising yokes 

and permanent magnets, and driving coils rotates the 

5 ·carriage 3 for positioning the head to a predetermined 

point on an associated disk 13 to thereby record or 

reproduce information. 

In this first embodiment, the carriage 3 is 

provided with two driving coils SA, SB, and yokes 6A, 6B 

10 (Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are 

mounted so as to sandwich the driving coils in the 

direction normal to the drawing sheet. 

In a prior art apparatus, the carriage 3 is 

provided with only one driving coil. This driving coil 

15 is mounted such that the center of the driving coil is 

positioned on an extension of the line connecting the 

head 1 and the carriage pivot shaft 4. To describe the 

arrangement with reference to Fig. 1, such a single 

driving coil is mounted at a point which is slightly 

20 angularly shifted from the second driving coil SB toward 

the first driving coil SA. In this arrangement, when 

electric power is supplied to the driving coil under the 

action of a magnetic field, a driving force is generated 

in the driving coil to push an end of the carriage so 

25 that a torque is exerted to rotate the carriage about the 

pivot shaft. As a result, the head can be moved to a 

predetermined position on the information recording disk. 

However, because the driving force concomitantly produces 

'nHS SHEET fIAS ~ . 
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a translational excitation force acting on the carriage 

pivot shaft, a carriage support system is excited to 

cause vibration which impedes head positioning. 

The above drawback can be avoided by arranging 

5 two driving coils (twin coils) in opposite relation with 

respect to the carriage pivot shaft such that a twin-coil 

separation angle 0, shown in Fig. 1, is set to be 180 

degrees. With such an arrangement, only a torque is 

exerted on the carriage and hence no translational 

10 excitation force is generated to act on the carriage 

pivot shaft. However, because magnet-yoke assembly which 

surround the driving coils would interfere with a disk, 

the axis-to-axis distance L1 between the disk rotating 

shaft or spindle and the carriage pivot shaft must be set 

15 to be greater than in the conventional apparatus using 

one driving coil. Although the distance L2 between the 

center of the carriage pivot shaft and the end face of 

the apparatus is reduced to some extent, the distance L1 

is increased and, eventually, the apparatus size L in the 

20 longitudinal direction cannot be reduced. Also, the 

greater distance L1 necessarily entails a longer distance 

between the head and the center of the carriage pivot 

shaft. As a result, the increased inertial moment of the 

carriage· 3 gives rise to an obstacle against high-speed 

25 head positioning. 

In this embodiment, for achieving a further 

reduction in size of_ small-sized magnetic disk apparatus 

within the standardized form factor dimension and 

THIS SHEET HAS BEEN 
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suppressing a translational excitation force generated 

during operation and acting on the carriage pivot shaft, 

the angle ~ defined between a line connecting the head 1 

and the center of the carriage pivot shaft 4 and the 

5 center line of the first driving coil SA is set to be not 

larger than the right angle (90 degrees), and the twin-

coil separation angle 8 is set to be about 120 degrees. 

Additionally, the magnet-yoke assembly comprising the 

yokes and the permanent magnets is connected to assembly-

10 supporting members 9A, 9B by assemblr-supporting sheet 

springs BA, SB, BC, BD, etc., and reaction-force damping 

members lOA, lOB are mounted between the yokes and the 

assembly-supporting members. 

An advantage of the above-described structure 

15 will be described below with reference to Fig. 2. In the 

graph of Fig. 2, the abscissa represents the twin-coil 

separation angle 8, and the ordinate represents the 

translational excitation force acting on the carriage 

pivot shaft with one produced in .the prior art apparatus 

20 taken as a reference. In the prior art apparatus, a 

single driving coil has two surfaces each being under the 

action of a magnetic field to generate a driving force, 

and the angle a (see Fig. 1) defined between the lengths 

of the two surfaces is about 45 degrees. Assuming that 

25 the translational excitation force acting on the carriage 

pivot shaft during the operation of the prior art 

apparatus is 1.0, as the twin-coil separation angle a 
increases, the translational excitation force acting on 

THIS SHEET HAS BEEN 
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the carriage pivot shaft is reduced and becomes zero ~ 
... t ~t 

of 180 degrees, i.e., when the carriage is driven by th~ 

ideal couple. 

In the range of the angle 0 denoted by A in 

5 Fig. 2, however, the apparatus size exceeds the stand­

ardized form factor dimension for the above-described 

reason that the distance L2 is increased. The voice coil 

motor can be constructed without increasing the axis-to-

axis distance L1 between the spindle and the carriage 

10 pivot shaft in the range denoted by B, but if the range B 

is exceeded by the angle 0, the axis-to-axis distance L1 

must be increased because of interference between the 

disk and the carriage. As a result, a carriage guide arm 

must be made longer, which increases the inertial moment 

15 of the carriage and hence impedes high-speed head 

positioning. In the range denoted by c, the axis-to-axis 

distance L1 is not required to be increased, but the voice 

coil motor and the disk are so close to each other, so 

that the magnetic flux leaking from the magnet-yoke 

20 assembly affects the disk. Further, in the range denoted 

by D, the magnet-yoke assembly which has been assembled 

into a unit can be mounted after the carriage is 

installed. Thus, the assembling efficiency is improved 

if the apparatus is constructed with the angle e set to 

25 be within the range D. However, the translational 

excitation force acting on the carriage pivot shaft would 

be inc~eased unless the twin-coil separation angle e is 

set to be as large as possible. 

li1ns ~;H~~ET HAS BEEN 
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l.·nto account the conditions discussed 
Taking 

denoted by E is an advantageous range the range 

Practical use. 
tor 

In other words, the twin-coil separa-

. gle a may preferably be in the range from 100 to 
t.i.on an 

150 degrees. The translational excitation force acting 

on the carriage pivot shaft is reduced to a half of that 

generated in the prior art apparatus at the angle a of 

120 degrees, and to a quarter at 0 of 150 degrees. 

Considering the twin-coil separation angle 8 from the 

10 viewpoint of a geometrical positional relationship 

between components of the apparatus, if the angular range 

in which the carriage 3 shown in Fig. 1 can be rotated 

radially of the disk is defined as angle y, the ratio of 

6/y is in the range of from 4.5 to 6.8 since y is about 

15 22 degrees. Also, since the angle ~ formed between the 

line connecting the head 1 and the center of the carriage 

pivot shaft 4 and the center line of the first driving 

coil SA is in the range of from 70 to 80 degrees, the 

ratio of ~/y is in the range of from 3.1 to 3.6 with the 

20 above value of the angle y taken as a reference. 

The magnet-yoke assembly of the present inven­

tion will be described with reference to Fig. 3. Figure 

3 is an exploded view of the components of the apparatus 

of the invention shown in Fig. 1, showing that the 

25 components are assembled following associated arrows. 

The magnet-yoke assembly is constructed by adhesively 

fixing two pairs of permanent magnets 7A, 7B and 7C, 70 

to the yoke 6A, each pair of adjacent magnets having 
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different polarities, adhesively fixing two pairs of ~ 

permanent magnets 7E, 7F and 7G, 7H to the yoke 6B, each 

pair of adjacent magnets also having different polari­

ties, and then fixing the yokes 6A, 6B together by means 

S of an adhesive or screws into· an integral unit. The 

positions of the permanent magnets 7A to 7H on the yokes 

6A and 6B are determined solely depending on the posi­

tions of the driving coils SA, SB. Since the yokes 6A, 

6B each have a semicircular cutout or notch in its 

10 central portion, the assembled unit can easily be 

detached from and attached to the apparatus by removing a 

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

information recording disks 13 are installed in the 

apparatus housing. Incidentally, the central angle 

15 formed between rectilinear edges of each of the yokes 6A, 

6B extending from the inner to outer periphery is set to 

be smaller than 180 degrees so that the volumes of the 

20 

yokes are as large as pos.sible to improve the character-

istics of the magnetic circuit. 

The structure of the magnet-yoke assembly of 

this embodiment will be described below in more detail 

with reference to Fig. 4. As shown in Fig. 4, the two 

pairs of permanent magnets 7A, 7B and 7C, 70 are arranged 

such that each adjacent pair of magnets have different 

25 polarities and are adhesively fixed to the yoke 6A, 

whereas other two pairs of permanent magnets 7E, 7F and 

7G, 7H are arranged such that each adjacent pair of 

magnets have different polarities and are adhesively 

iiii1i11nr 
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the yoke 6B, as has previously been described. 
fixed to 

. field G acts upwardly on the right-hand 
A magnetic 

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

h magnetic field G acts downwardly on the SA while t e 

left-hand windings thereof. A magnetic field acts on 

windings of the second driving coil SB in similar direc­

tions. Under this condition, when a current is supplied 

to the driving coils SA, SB in a direction perpendicular 

to the drawing sheet of Fig. 4, force F is generated in 

10 directions indicated by arrows. When a current is 

supplied in the opposite direction, a force is generated 

in a reversed direction. These thrusts drive the 

carriage to rotate. 

A description will now be made of a magnet-yoke 

lS assembly supporting mechanism for suppressing vibration 

imparted to a structural member of the apparatus due to a 

reaction force which is generated upon driving of the 

carriage. The magnet-yoke assembly in· its entirety is 

supported independently of the base 12, as shown in Fig. 

20 1, by four sheet springs BA to 80 arranged radially with 

respect to the axis of the carriage pivot shaft 4 and the 

reaction-force damping members lOA, lOB. Slits are 

f orrned in the yoke 6A and the assembly-supporting members 

9A, 9B. The sheet springs SA to so· are each fitted at 

25 both ends into the corresponding slits and are ·adhesively 

fixed to the holding members 9A, 9B such that each sheet 

spring extend perpendicularly to the base 12 and the axis 

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

entire magnet-yoke assembly to rot.ate infinitesimally 

about the carriage pivot shaft 4. The yoke 6A is held 

independently of the base 12, but the assembly-supporting 

5 members 9A, 9B are fixed to the base 12 by means of an 

adhesive or screws or may alternatively be fabricated as 

integral projections on the base 12. The yoke 6A and the ~ 

assembly-supporting members 9A, 9B are bonded to each 

other with plate-shaped reaction-force damping members 

10 lOA, lOB interposed respectively therebetween. The 

damping members lOA, lOB are preferably made of silicon-

based gel or rubber materials. 

With the construction described above, when the 

head is driven, for example, in the direction indicated 

15 by an arrow A in Fig. 1, the magnet-yoke assembly 

supported by the sheet springs 8A to ao·and the reaction-

force damping members lOA, lOB is rotated infinitesimally 

about the carriage pivot shaft 4 in the direction indi-

cated by an arrow b due to the reaction force caused by 

20 carriage driving. The infinitesimal rotation of the 

magnet-yoke assembly causes shearing forces to act .on the 

reaction-force damping members lOA, lOB thereby absorbing 

the vibration energy produced with the infinitesimal 

rotation. As a result, the structural vibration due to 

25 the reaction force caused by carriage driving can be 

suppressed and hence vibration tending to impede head 

positioning can be reduced. Ideally, if the inertial 

moment of the entire magnet-yoke assembly, being 

i11ii1iii1ii1Uii 



5 

- 23 -

j 
cted to the reaction force, about the carriage pivot 

sub e 
snaf t is much greater than the inertial moment of all the 

rotating members, including the carriage 3 on which the 

nead 1 is mounted, about the carriage pivot shaft, the 

vibration imparted to the structural member due to the 

reaction force can be prevented. In this embodiment, 

therefore, the yoke 6A is shaped to have a radial thick­

ness t 2 in its outer peripheral portion greater than an 

axial thickness t 1 in its central portion, as shown in 

lO Fig. 3, so that a larger part of the mass of the yoke 6A 

is concentrated to the outer peripheral portion to 

increase the total inertial moment of the magnet-yoke 

assembly. 

Additionally, to satisfy the standardized form 

15 factor dimension, the assembly-supporting structure is 

mounted in an empty space along an outer periphery of the 

magnet-yok~ assembly. Furthermore, to reduce the thick­

ness of the supporting structure, the height of the 

supporting structure is set to fall within the distance h 

20 (see Fig. 9) between the upper end face of the magnet­

yoke assembly (i.e., the upper surface of the yoke 6B) 

and the upper surface of the base 12. 

An advantage of the above-described construe-

tion will be described below with reference to Fig. 5. 

25 Figure 5 is a timing chart with the abscissa representing 

time, in which (a) indicates a target angular velocity of 

the carriage and (b) indicates an acceleration of base 

vibration (in the carriage positioning direction) in the 
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prior art apparatus. As will be seen in Fig. 5, there 

' occurs residual vibration caused by the structural vibra­

tion due to the reaction force even after the position-

ing, i.e., after the elapse of time t 2 • Also, (c} 

5 indicates an.acceleration (in the carriage positioning 

direction) of base vibration in the inventive apparatus. 

Residual yibration is held small throughout the operation 

time, including a period after the positioning, due to 

the effect given by the non-reacting support structure of 

10 the magnet-yoke assembly. Further, (d) indicates an 

acceleration (in the radial direction) of carriage pivot 

shaft vibration in the prior art apparatus. Because the 

carriage rear end is driven by one driving coil in the 

prior art apparatus, a translational excitation force is 

15 generated on the carriage pivot shaft and lasts to 

generate vibration even after the positioning. Finally, 

(e) indicates an acceleration of carriage pivot shaft 

vibration (in the radial direction) in the inventive 

apparatus. With the structure that the carriage is 

20 driven by the two driving coils, vibration is held small 

not only during the positioning but also after the 

positioning. 

The second embodiment of the present invention 

will be described below with reference to Figs. 6 and 7. 

25 In Figs. 6 and 7, the same reference numerals as those in 

Figs. 1 to 3 denote the same or identical components as 

or to those in the first embodiment. Between two pairs 

of V-shaped grooves 21 formed in an outer peripheral 
.-· ...... · 
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surf ace of the yoke 6A and inner peripheral surf aces of 

assembly-supporting members 9C, 9D, four ball bearings 22 

comprising balls 17A to 17H and races 16A to 16D are 

mounted to support the entire magnet-yoke assembly, 

S including the yoke GB, independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. Also, similarly 

to the preceding embodiment, the reaction-force damping 

members lOA, lOB are mounted respectively between the 

10 outer peripheral surface of the yoke or the magnet-yoke 

assembly and the inner peripheral surfaces of the 

assembly-supporting members 9C, 90. As will be seen from 

Fig. 6, the ball bearings 22A to 220 and the reaction­

force damping members lOA, lOB are arranged in the 

15 circumferential direction of the yoke 6A. 

The mutual positional relationship between the 

components will be apparent from Fig. 7. In this embodi­

ment, a single sheet spring 8E is provided at a position 

corresponding to the position of the sheet spring SC in 

20 the embodiment shown in Fig. 1. The sheet spring BE 

extends perpendicularly to the base 12 and is arranged 

radially of the axis of the carriage pivot shaft 4. 

After the entire magnet-yoke assembly has been rotated 

infinitesimally due to the reaction· force caused by 

25 carriage driving, the sheet spring SE functions to return 

the entire magnet-yoke assembly to its neutral position. 

With the addition of such a return mechanism, initial 

positions of the magnet-yoke assembly and the driving 
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coils will not be off set so as to generate stable 

force at all times, thereby ensuring precise positioning 

of the head 1. 

The third embodiment of the present invention 

5 will be described below with reference to Figs. 8 to 12. 

In Fig. 8, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. The 

entire magnet-yoke assembly including the yoke 6B is 

supported independently of the base 12 by a magnet-yoke 

10 assembly supporting mechanism comprising sliding bearings 

· 23A, 23B. Figure 9 shows a structure of one sliding 

bearing 23A. A groove 6A-1 is formed in the outer 

peripheral surface of the yoke 6A, and a projection 9F is 

provided on an inner peripheral surf ace of a assembly-

15 supporting member 9E and slidably engaged in the groove 

6A-l. With such an arrangement, the entire magnet-yoke 

assembly is supported independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. The assembly-

20 supporting member 9E is formed of, e.g., Teflon or any 

other suitable material. The other assembly-supportinq 

member 9G is provided with a similar projection (not 

shown) which is engaged in a groove 6A-2 formed in the 

yoke 6A to thereby constitute the sliding bearing 23B. 

25 Reaction-force damping members lOA, lOB are 

mounted respectively between the magnet-yoke assembly and 

the assembly-supporting members 9F, 9G. Each of the 

reaction-force damping members may comprise two pieces 
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mounted one on the upper or lower side of the projection 

9F on the assembly-supporting member, as shown in Fig. 

10, or may be of a single rectangular piece having a slit 

lOC which slidably receives the projection 9F, as shown 

5 in Fig. 11. While the grooves of the sliding bearings 

are formed in the yoke 6A in this embodiment, the 

embodiment may be modified such that a projection 6C is 

provided on the outer peripheral surf ace of the yoke 6A 

and a groove is formed in each of the assembly-supporting 

10 members 9E, 9G so that the two members slidably engage 

15 

with each other. Further, this embodiment includes a 

mechanism for returning the carriage to its neutral posi-

tion by the sheet spring 8E after an infinitesimal rota-

tion, as in the second embodiment. 

The fourth embodiment of the present invention 

will be described below with reference to Figs. 13 to 14. 

In Fig. 13, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. In this 

embodiment, the entire magnet-yoke assembly including the 

20 yoke 6B is supported by two dashpot mechanisms 20 which 

also provide a reaction-force damping effect. Further, 

this embodiment includes the mechanism for returning the 

carriage to.its neutral posit~on by the sheet spring BE 

after the infinitesimal rotation, as· in the above embodi-

25 ments. 

As shown in Fig. 14, the dashpot mechanisms 20 

are each structured such that coaxially mounted on·an 

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

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

assembly is accommodated in an arcuate housing 200 having 

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

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

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

to the outer peripheral surface of the magnet-yoke 

assembly such that both ends of the shaft 20A project 

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

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

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

whereby the entire magnet-yoke assembly is supported 

independently of the base 12 so that the magnet-yoke 

assembly is infinitesimally rotatable about the carriage 

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

infinitesimally in response to the reaction force caused 

by carriage driving during the operation, air in the 

arcuate housing 20D is forced to flow through the piston 

holes 20C, thereby providing a reaction-force damping 

20 effect. A similar advantage can also be obtained by fix­

ing the arcuate housing 200 to each of the assembly­

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

arcuate shaft 20A to the outer peripheral surface of the 

magnet-yoke assembly conversely to the above structure. 

25 According to several embodiments described 

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

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

the first driving coil and the carriage guide arm is set 
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to be not larger than 90 degrees, the angle 8 formed 

between the respective center lines of the first and 

second driving coils is set to about 120 degrees, the 

magnet-yoke assembly comprises two yokes sandwiching both 

5 sides of the driving coils and permanent magnets, and 

further the assembly-supporting mechanism is mounted 

outwardly of the outer peripheral surface of the magnet­

yoke assembly and also arranged within the height from 

the base surf ace to the upper end face of the magnet-yoke 

10 assembly. Therefore, the apparatus can be so reduced in 

size and thickness that the apparatus falls within the 

form factor dimensions standardized for small-sized 

magnetic disk apparatus. Consequently, the present 

invention can realize a positioning mechanism which 

15 satisfies any of the standardized form factor dimensions 

for small-sized magnetic disk apparatus, such as 1.3", 

1.8 11
, 2.5", 3.5" and 5.25", and is less liable to be 

subjected to vibration. 

Also, since the carriage is rotatively driven 

20 by forces close to a couple,·a translational excitation 

force acting on the carriage pivot shaft can be reduced. 

Further, of the components of the carriage driving voice 

coil motor, the magnet-yoke assembly comprising the yokes 

and the permanent magnets is held by.the magnet-yoke 

·qembly supporting mechanism such that the magnet-yoke 

ly is independent of the base and is inf ini­

~otatable and is mounted on the base through 

·force damping members. It is therefore 
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possible to reduce structural vibration of the base, due 

to a reaction-force which is generated in the opposite 

direction to the driving force. As a result of the above 

structure, the relative displacement of the head and disk 

5 due to structural vibration can be prevented to assure a 

high-speed and highly-accurate head positioning. 

Further, since the yoke of the magnet-yoke 

assembly is constructed to have a radial thickness in its 

outer peripheral portion greater than an axial thickness 

10 in its central portion, the inertial moment of the 

magnet-yoke assembly subjected to the reaction force can 

be much greater than the inertial moment of the rotating 

members. As a result, the effect of canceling the 

reaction force imparted to the base is enhanced so that 

15 the relative positions of the head and the disk can be 

more positively prevented from being changed by vibration 

of the structural member, enabling a high-speed and 

highly-accurate head positioning to be achieved. 

Since the magnet-yoke assembly is provided in 

20 its central portion with a semicircular cutout for avoid-

ing interference with the carriage and has a cutout 

defined by rectilinear edges extending from the center to 

the outer peripheral portion of the magnet-yoke assembly 

with a central angle smaller than 180 degrees defined 

25 between the edges and positioned to avoid interfer~nce 

with information recording disk, the entire magnet-yoke 

assembly can be detached from the apparatus even in a 

condition that the carriage and the information recordi~t 

..--~~---~·~~~~ 
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disk are installed in the apparatus housing, with a 

resultant improved assembling efficiency. 

Additionally, since the magnet-yoke assembly 

capable of infinitesimally rotatable is provided with a 

5 mechanism for returning the carriage to its neutral 

position after the infinitesimal rotation, initial 

positions of the magnet-yoke assembly and the driving 

coils will not be off set to thereby generate stable 

driving force at all times and enables a high-speed and 

10 highly-accurate head positioning to be achieved. 

In short, according to the present invention, 

by prescribing positions of two driving coils, the 

apparatus can be reduced in both size and thickness so 

that the apparatus falls within any of the form factor 

15 dimensions standardized for small-sized magnetic disk 

apparatus. Also, vibration of a carriage supporting 

system can be suppressed by driving the carriage with the 

two coils, and vibration of a stru.ctural member due to a 

reaction force can be prevented by supporting the magnet-

20 yoke assembly in a reaction-force damping manner, making 

it possible to position a head at a high speed and with 

high accuracy. As a result, a high-speed and hig~ly­

accurate rotary information recording/reproducing 

apparatus having a reduced size and.thickness can be 

25 achieved. 
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C L A I M S 

1. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the radial direction of said disk, and a 

carriage driver for applying a torque to said carriage, a 

carriage actuator including two driving coils fixed to 

said carriage and a magnet-yoke assembly which comprises 

permanent magnets and at least one yoke, said magnet-yoke 

assembly and said driving coils being mounted substan­

tially on opposite sides of a carriage pivot shaft axis 

and at a position just outward of a region where magnetic 

flux leaking from said magnet-yoke assembly affects said 

disk. 

2. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce inf orm~tion on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver, a carriage actuator including two 

driving coils fixed to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at least 

one yoke, the arrangement being such that the angle 

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

another line connecting said head and the center of said 

carriage pivot shaft is not larger than 90 degrees and 

that the angle formed between the first and second driv-

ing coils about the center of said carriage pivot shaft 

is within the range of from 100 degrees to 150 degrees. 

3. A rotary information recording/reproducing 

apparatus according to Claim 2, wherein the angle formed 

between said first driving coil and said second driving 

coil about the center of rotation of said carriage is 

substantially 120 degrees. 

4. A rotary information recording/reproducing 

apparatus according to Claim 2, wherein the angle formed 

between the line connecting the center of said first 

driving coil and the center of said carriage pivot shaft 

and the line connecting said head and the center of said 

carriage pivot shaft is in the range of from 70 degrees 

to 80 degrees. 

5. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver, said carriage actuator including 

two driving coils fixed to said carriage and a magnet-
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yoke assembly which comprises permanent magnets and at 

lease one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of a carriage pivot shaft and 

a line connecting said head and the center of said 

carriage pivot shaft is not larger than 90 degrees and 

that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot shaft is in the range of from 100 degrees 

to 150 degrees, said first and second driving coils being 

flat in shape, means for supporting said magnet-yoke 

assembly, said supporting means being mounted on one 

surf ace of said base outwardly of an outer peripheral 

surface of said magnet-yoke assembly,_ said magnet-yoke 

assembly supporting means being arranged to be within the 

dimension from said one surf ace of said base to an end 

face of said magnet-yoke assembly spaced from said one 

base surface. 

6. A rotary information recording/reproducing 

apparatus according to Claim S, wherein said magnet-yoke 

assembly supporting means includes at least three sheet 

springs, two assembly-supporting members and reaction-

force damping members, said sheet springs being mounted 

radiating out from said carriage pivot shaft between the 

outer peripheral surface of said magnet-yoke assembly and 

said assembly-supporting members such that each of said 

sheet springs extends perpendicularly to said base and 

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

supporting members being fixed to said base to support 

said magnet-yoke assembly so as to be independent of said 

base and infinitesimally rotatable, said reaction-force 

damping members being plate-shaped members each mounted 

between the outer peripheral surf ace of said magnet-yoke 

assembly and an inner peripheral surface of one of said 

assembly-supporting members. 

7. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a ball bearing, a 

assembly-supporting member, and a reaction-force damping 

member, said ball bearing comprising a plurality of balls 

and races mounted between V-shaped grooves formed respec-

tively in the outer peripheral surface of said magnet-

yoke assembly and an inner peripheral surf ace of said 

assembly-supporting member, said assembly-supporting 

member being fixed to said base to support said magnet-

yoke assembly so as to be independent of said base and 

infinitesimally rotatable, said reaction-force damping 

member being a plate-shaped member mounted between the 

outer peripheral surf ace of said magnet-yoke assembly and 

the inner peripheral surf ace of said assembly-supporting 

member. 

8. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

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

in the outer peripheral surface of ·said magnet-yoke 

assembly and a projection formed on an inner peripheral 

surface of said assembly-supporting member and slidably 

engaged in said groove, said assembly-supporting member 

being fixed to said base to support said magnet-yoke 

assembly so as to be independent of said base and inf ini-

tesimally rotatable, said reaction-force damping member 

being a plate-shaped member mounted between the outer 

peripheral surface of said magnet-yoke assembly and the 

inner peripheral surface of said assembly-supporting 

member. 

9. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 

member, said sliding bearing comprising a projection 

formed on the outer peripheral surface of said magnet­

yoke assembly and a groove formed in an inner peripheral 

surf ace of said assembly-supporting member and slidably 

engaged with said projection, said assembly-supporting 

member being fixed to said base for supporting said 

magnet-yoke assembly so as to be independent of said base 

and infinitesimally rotatable, said reaction-force damp­

ing member being a plate-shaped member mounted between 

the outer peripheral surface of said magnet-yoke asse:mblY 

and the inner peripheral surface of said assembly-

supporting member. 

• \ 
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10. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surf ace of said magnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an arcuate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 

and fixed thereto, and an arcuate housing having formed 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective ~penings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to the outer peripheral surf ace of 

said magnet-yoke assembly, both ends of said arcuate 

shaft being supported by said assembly-supporting member, 

said assembly-supporting member being fixed to said base 

for supporting said magnet-yoke assembly so as to be 

independent of said base and infinitesimally rotatable 

via said dashpot mechanism. 

11. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surface of said magnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an ~rcuate shaft, at least one piston having a 

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

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective openings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to said assembly-supporting member, 

both ends of said arcuate shaft being supported by said 41 
magnet-yoke assembly, said assembly-supporting member 

being fixed to said base for supporting said magnet-yoke 

assembly so as to be independent of said base and infini-

tesimally rotatable via said dashpot mechanism. 

12. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 11, wherein 

the yoke of said magnet-yoke assembly includes an outer 

peripheral portion and an inner portion lying inwardly of 

said outer peripheral portion, a radial thickness of said 

outer peripheral portion being greater than an axial 

thickness of said inner portion. 

13. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 12, wherein 

the yoke of said magnet-yoke assembly has a generally 

semicircular shape provided with a central opening for 

said carriage and with a cutout formed in continuity with 

said opening and having diverging edges extending 

substantially parallel to an outer peripheral edge of 

said disk, a central angle formed between the diverging 

edges of said cutout being smaller than 180 degrees. 

14. A rotary information recording/reproducing 

- ·-·· ··--·· 

B Rep~aced 

l\\i i\\\ i \\\ \\\\ 
------···--····· -· '·. ···----------. 
THIS ~:f·L:-'.t>T HAS I3EEN 

REPLACED 



_.. ........ ----------~---
- 39 -

apparatus according to any one of Claims 7 to 13, wherein 

at least one sheet spring is mounted between the outer 

peripheral surface of said magnet-yoke assembly and said 

assembly-supporting member, said sheet spring being fixed 

to said magnet-yoke assembly and said assembly-supporting 

member such that said sheet spring extends substantially 

perpendicularly to said base and the center of said 

carriage pivot shaft is positioned in a plane including 

said sheet spring, whereby said magnet-yoke assembly is 

returned to its neutral position after infinitesimal 

rotation. 

15. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 14, wherein 

the yoke and the permanent magnet of said magnet-yoke 

assembly are so structured as to be detachable from said 

apparatus in a condition that said yoke and said perrna-

nent magnet are assembled into an integral unit. 

16. A rotary information recording/reproducing 

apparatus constructed and arranged substantially as 

hereinbefore described, with reference to the accompanying 

drawings. 
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RO CING APPARATUS 

TARY INPORM~TJOM RECORDI•G/REPROL..--------------~~~~--11.-

A B S T R A C T 

A rotary information recording/reproducing 
apparat h h f{rst and us 48 a carria9e (3) rotatable by t e • 

second driving il •xi·s that moves an co s (SA, SB) about an y 

information recording/reproducing head (l) radially to an 

associated recording disk (lJ) for head positioning rela­

tive to the disk. The angle between a line connecting 

the center of the first driving coil (SA), and the center 

of the carria~e pivot shaft (4) and a line connecting the 

head (1) and the center of the carriage pivot shaft is 

set to be not greater than 90 degrees while the angle 

formed between the first and second driving coils (SA, 

SB) about the center of the carriage pivot shaft (4) is 

within the range of from 100 degrees to 150 degrees, 

whereby reduction in the size and thickness of the 

apparatus can be realized. A magnet-yoke assembly, which 

is subject to a reaction force, is mounted to a base (12) · 

by sheet springs (BA-BD) and reaction-force damping 

members (lOA, lOB) interposed therebetween so that the 

magnet-yoke assembly (6A, 6B, 7A-7G) is independent from 

and infinitesimally rotatable relative to the base (12). 

The provision of the two driving coils (SA, SB) and the 

reaction-force damping members (lOA, lOB) effectively 
. 

prevents the carriage pivot system and the disk spindle 

from being excited by the reaction force to thereby 

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

-
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ABSTRACT 

ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS 

A rotary information recording/reproducing apparatus has 

a carriage rotatable by the first and second driving coils about 

a pivot shaft for head positioning. The configuration of the 

driving coils and the carriage guide arm reduces the apparatus 

size and vibration. A magnet-yoke assembly is mounted to a base 

by sheet springs and reaction-force damping members interposed 

therebetween so that the magnet-yoke assembly is independent from 

and infinitesimally rotatable relative to the base. High-speed 

and highly-accurate head positioning is achieved by employing two 

driving coils and a reaction-force damping mechanism which 

attenuate excitation of the carriage pivot system and disk 

spindle. 

FIGURE 1. 
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The present invention relates to a rotary 

information recording/reproducing apparatus for turning 

and positioning a head to a predetermined point on an 

information recording disk and, more particularly, to a 

rotary information recording/reproducing apparatus which 

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

speed and with high accuracy. 

A prior art magnetic disk apparatus will be 

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

example. Information recording disks arranged one above 

another are driven to rotate at a constant speed k 

disk rotating motor fixed to a base. Heads are su 

by carriage guide arms through head suspensions in such a 

manner that each head is floated with a small gap held 

relative to an associated disk for recording/reproducing 

information. High-speed and highly accurate positioning 

of the head is performed by rotatively driving the 

carriage with a voice coil motor. The carriage is 

mounted and supported through ball bearings on and by a 

pivot shaft fixed to the base such that the carriage can 

rotate about the pivot shaft. The voice coil motor 

comprises a voice coil, permanent magnets and a yoke. Of 

THIS SHEET HAS BEEN 
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these components, the voice coil is attached to the 

carriage, whereas the permanent magnets and the yoke 

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

fixed to the base. Since the voice coil surrounded by 

the magnet-yoke assembly in sandwiched relation is under 

the action of a magnetic field, the carriage is 

rotatively driven when the voice coil is supplied with 

electric power. 

However, when a driving force is generated in 

the voice coil with the supply of electric power to the 

voice coil, a resultant reaction force acts on the 

magnet-yoke assembly of the voice coil motor to vibrate 

the base, thereby causing vibration excitation of the 

disk. Also, with the generation of the driving force in 

the voice coil, translational excitation force acts on 

the carriage pivot shaft at the same 'time, thereby 

vibrating a carriage supporting system. A resultant 

vibration force acts on the disk driving motor to vibrate 

it, and hence the disk is further vibrated. 

In view of the above problems, the prior art 

disclosed in Japanese Unexamination Patent Publication 

No. 1-222647 and U.S. Patent No. 4,620,252, for example, 

has been proposed. The prior art apparatus includes two 

flat type driving coils attached to· a carriage on 

opposite sides of the carriage pivot shaft axis. Two 

sets of magnet-yoke assembly are arra~ged in non-contact 

relation to the driving coils for rotating the carriage 

by a couple. This arrangement is intended to prevent the 

'ff:Tj (' S" ·-1~·1· T.fA -· , " n.o:..:~ • c S BEE?\ 
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translational excitation force from acting on the 

carriage pivot shaft and to reduce vibration of a 

structural member caused by the carriage motion. 

I o s s:::P. ·,;90 I 

According to the prior art disclosed in the 

above-cited Japanese Unexamination Patent Publication No. 

1-222647 and U.S. Patent No. 4,620,252, however, an 

information recording disk having a sufficiently large 

outer diameter cannot be acconunodated in a housing of the 

apparatus, making it difficult to provide the apparatus 

with a large capacity. Specifically, because the two 

driving coils are attached to the carriage in opposite 

relation with respect to the axis of the carriage pivot 

shaft and the magnet-yoke assemblies are arranged around 

the driving coils, the axis-to-axis distance between the 

carriage pivot shaft and a disk rotating shaft or spindle 

must be set to be greater than required in other conven-

tional apparatus using one driving coil, in order to 

avoid interference between the carriage and the disk. If 

a disk having a conventional large outer diameter is 

installed in the apparatus housing, the size of the appa­

ratus must be increased in the longitudinal direction 

thereof. 

Further, in order to satisfy form factor dimen­

sions such as 1.3, 1.8, 2.5, 3.5 or·S.25 inches which are 

standardized for small-sized magnetic disk apparatus, the 

disk size must be reduced to such an extent as not 

departing from the apparatus dimension in the longi­

tudinal direction. This leads to a reduction in storage 

- ... ~oW• • .,..,,.._ ............. • • .,,_,, ________ , 
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capacity of the apparatus. In addition, the greater 

axis-to-axis distance as discussed above enlarges the 

size of a carriage guide ann, resulting in the increased 

inertial moment of rotating members .. This requires a 

longer access time and, if the output of a carriage 

driving motor is increased as measures.for avoiding such· 

a drawback, the apparatus size would be necessarily 

enlarged. Thus, it has been difficult to realize a 

mechanism which can maintain the apparatus within the 

standardized fonn factor dimension, to suppress vibration 

imparted to a disk via a base or carriage to the extent 

possible, and to position the head at a high speed and 

with high accuracy. 

The first feature 

of the present invention resides in a rotary information 

recording/reproducing apparatus which includes at least 

one disk for recording information, a carriage supporting 

a head to record/reproduce inf orrnation on or from said 

disk and being positioned in the radial direction of said 

disk, and a carriage driver for applying a torque to said 

carriage, a carriage actuator including two driving coils 

attached to said carriage and a magnet-yoke assembly 

which comprises permanent magnets and at least one yoke, 

said magnet-yoke assembly and said driving coils being 

attached to said carriage substantially on opposite sides 

of a carriage pivot shaft· axis and at a position just 

outward of a region where magnetic flux leaking from said 

magnet-yoke assembly affects said disk. 

~~-·---- ... ~-·------
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The second feature of the present invention 

resides in a rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driv~r, a carriage actuator including two 

driving coils attached to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at least 

one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first . 

driving coil and the center of said carriage pivot shaft 

and another line connecting said head and 'the center of 

·said carriage pivot shaft is not larger than 90 degrees 

and that the angle f orrned between the center lines of the 

first and second driving coils about the center of said 

carriage pivot Phaft is within the range of from 100 

degrees to 150 degrees. 

The third feature of the present invention 

·resides in a rotary information recording/reproducing 
. . 

apparatus which includes at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the.radial direction of said disk, a 

carriage driver for applying a torque to.said carriage, 

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

said carriage driver, a carriage actuator including two 

driving coils attached to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at lease 

one yoke, the arrangement.being such that the angle 

f orrned between a line connecting the center of the first 

driving coil and the center of said carriage pivot shaft 

.and another line connecting said head and the center of 

said carriage pivot shaft is not larger than 90 degrees 

and that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot shaft is in the range of from 100 degrees 

to 150 degrees, said first and second driving coils being 

flat in shape, means for supporting said magnet-yoke 

assemb~y, said supporting means being mounted on one 

surf ace of said base outwardly of an outer peripheral 

surface of said magnet-yoke assembly, said magnet-yoke 

assembly supporting means being arranged to be within the 

dimension from said one surf ace of said base to an end 

face o.f said magnet-yoke assembly spaced from said one 

base surface. 

The present invention may 

realize a reduction in both apparatus size and thickness 

and, hence, to provide a rotary information recording/ 

reproducing apparatus which is within the standardized 

form factor dimension. 

The present invention may 

provide a high-performance rotary information recording/ 

reproducing apparatus equipped with a low-vibration head 

THIS SHEET HAS BEEN 
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h · m i'n which an information recording positioning mec anis 

disk is prevented from vibrating due to a reaction force 

· h d · 'ng of a carriage, and a translational generated wit rivi 

force acting on a carriage pivot shaft upon excitation 

generation of a carriage torque is reduced to the extent 

possible. 
In a preferable embodiment of the present 

invention, said magnet-yoke assembly supporting means 

includes at least three sheet springs, two assembly-

supporting members and reaction-force damping members, 

said sheet springs being mounted radiating out from said 

carriage pivot shaft between the outer peripheral.surface 

of said magnet-yoke assembly and said assembly-supporting 

members such that each of said sheet springs extends 

perpendicularly to said base and the center of said 

:: carriage pivot shaft is positioned in a plane including 

the sheet spring, said assembly-supporting members being 

mounted to said base to support said magnet-yoke assembly 

so as to be independent of said base and infinitesimally 

rotatable, said rea~tion-force damping members being 

plate-shaped members each mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and an 

inner peripheral surf ace of one of said assembly­

supporting members. 

_______ , ____ ....., 
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Alternatively, the sheet springs may be 

replaced with ball bearings or sliding bearings. The 

m~gnet-yoke assembly supporting means may comprise a 

dashpot mechanism provided on the.outer peripheral 

surface of the magnet-yoke assembly and a assembly­

supporting member for supporting the dashpot mechanism. 

Preferably, the yoke of the ~agnet-yoke 

assembly may include an outer peripheral portion and an 

inner portion lying inwardly of the outer peripheral 

portion, a radia~ thickness of the outer peripheral 

portion being greater than an axial thickness of the 

inner portion. Also preferably, the yoke of said magnet-

yoke assembly has a generally semicircular shape provided 

with central opening for said carriage and with a cutout 

formed in continuity with said opening and having diverg-

ing edges extending substantially parallel to an outer 

peripheral edge of said disk; a central angle formed 

between the diverging edges of said cutout being smaller 

than 180 degrees. 

Further preferably, at least one sheet spring 

is mou~ted between the outer peripheral surface of said 

magnet-yoke assembly and said assembly-supporting member, 

said sheet spring being fixed to said magnet-yoke 

assembly and said assembly-supporting member such that 

said sheet spring extends substantially perpendicularly 

to said base and the center of said carriage pivot shaft 

is positioned in a plane including said sheet spring, 

whereby said magnet-yoke assembly is returned to its 

... 
,• 
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l Posl..tion after infinitesimal rotation. 
neutra 

According to the above first feature, since the 

magnet-yoke assembly id suspended and the driving coils 

are mounted at a position just outwardly of a region 

where magnetic flux leaking from the magnet-yoke assembly 

affects the disk, the axis-to-axis distance between the 

disk rotating shaft or spindle and the carriage pivot 

shaft can be reduced while magnetic recording on the disk 

is kept in a high-accurate state. Therefore, it is also 

possible to reduce the distance between the head and the 

center of the carriage pivot shaft, the distance between 

the center of the carriage pivot shaft and an end face of 

the apparatus, and further the apparatus size. In addi-

tion, since carriage guide arms can be shortened, the 

inertial moment of the carriage is eventually reduced, 

resulting in a higher-speed positioning of the head. 

According to the above second feature, since 

the angle formed between a line connecting the center of 

the first driving coil and the center of the carriage 

pivot shaft and. another line connecting the head and the 

center of the pivot shaft is not larger than 90 degrees, 

and the angle formed between the center· lines of the 

first and second driving.coils about the center of 

carriage pivot shaft is in the range' of from 100 degrees 

to 150 degrees, the magnet-yoke assembly surrounding the 

two driving coils in sandwiched relation can be prevented 

from interfering with the disk. Also, since the axis-to­

axis distance between the spindle and the carriage is 

---:1-::-;-;-.:-··s··~~~f~-;::·:l:' i-\ .~"' B r:EN 
f 1, ,..., I. .I. -''·" ... J"\.~") ~ ..... 
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reduced, the carriage guide arm can be shortene ~a_n_d_the J 
inertial moment of the carriage can be reduced corre-

spondingly. Further, since the two driving coils are 

mounted around the carriage pivot shaft in angularly 

spaced relation in the circurnf erential direction of the 

shaft axis, the carriage can be rotatively driven by a 

force substantially close to a couple so that a trans-

lational excitation force a9ting on the carriage pivot 

shaft is reduced during the operation. It is to be noted 

that, when the two driving coils are so mounted as to be 

spaced 120 degrees, the translational excitation force 

acting on the carriage piv9t shaft can be reduced to a 

half that produced in the prior art apparatus, and when 

spaced 150 degrees, it can be reduced to a quarter. This 

enables the apparatus size to be· reduced within any of 

the standardized form factor dimensions and is also 

advantageous in respect of high-speed positioning of the 

head. Additionally, components of the carriage actuator 

are assembled ~nto an integral unit. The magnet-yoke 

assembly can be attached to and detached from the 

apparatus as one unit, resulting in an improvement in 

assembling efficiency. 

Moreover, according to the above third feature, 

since the two driving coils are flat in shape and the 

magnet-yoke assembly supporting mean is mounted outwardly 

of the outer peripheral surf ace of the magnet-yoke 

assembly and is arranged to fall within the height from 

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

...... _ .... ___ .. ,, ..................... ._,""~·""'"--
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assembly, the thickness of the apparatus can be rroeMd~u~cce~a~~~~~-

remarkably. 

In the preferred embodiment, since the magnet­

yoke assembly supporting means includes sheet springs, 

assembly-supporting members and reaction-force damping 

members, the magnet-yoke assembly is suspended by the 

supporting means so as to be independent of the base and 

infinitesimally rotatable and is also supported through a 

damping structure comprising the reaction-force damping 

members. Therefore, the structural vibration of the 

base, due to a reaction-force which is generated in the 

opposite direction to the driving force can be reduced. 

As a result, the relative displacement of the head and 

disk due to structural vibration can be prevented, 

thereby achieving a high-speed and highly-accurate head 

positioning. A similar advantage can also be obtained by 

using ball bearings or sliding bearings instead of the 

sheet springs, or by employing a combination of dashpot 

mechanism and assembly-supporting member to construct the 

magnet-yoke assembly supporting means. 

Further, when the yoke of the magnet-yoke 

assembly is constructed such that the radial thickness of 

its outer peripheral portion is greater than t~e axial 

thickness of its inner portion, a structure is realized 

in which the inertial moment of the magnet-yoke assembly 

subjected to the reaction force is much greater than the 

inertial moment of the rotating members. As a result, 

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

more positively prevented from being shifted in by vibra~ 

tion of the structural member, thereby achieving a high-

speed and highly-accurate head positioning. Also, when 

the magnet-yoke assembly is provided with a semicircular 

opening in its central portion and with a cutout defined 

by rectilinear edges extending from the center to the 

outer periphery thereof with a central angle between the 

edges being not larger than 180 degrees, the entire 

magnet-yoke assembly can be attached to and detached from 

the apparatus even in a condition that the carriage and 

the disk are kept assembled on the apparatus, with a 

resultant improvement in the assembling efficiency. 

Additionally, when the outer peripheral portion 

of the magnet-yoke assembly and the assembly-supporting 

member is coupled to each other by at least one sheet 

spring, a mechanism for returning the magnet-yoke 
' assembly to its neutral position after infinitesimal 

rotation can be provided to prevent the magnet-yoke 

assembly and the driving coils from being offset from 

their initial positions, so as to generate stable driving 

force at all times, thereby achieving a high-speed and 

highly-accurate head positioning. 

The above and other 

advantages of the present invention will be more apparent 

from the following description made merely by way of example 

with reference to the accompanying drawings. 
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Figure 1 is a schematic illustration of an 

entire structure of the first embqdiment of a rotary 

information recording/reproducing _apparatus according to 

the present invention; 

Figure 2 is a graph showing the relationship 

between a twin-coil separation angle and a translational 

excitation force acting on a carriage pivot shaft, and 

the range in which the standardized form factor dimension 

is satisfied; 

Figure 3 is an exploded view showing various 

components of the embodiment shown in Fig. 1 and the 

mutual positional relationship between these co~ponents 

in an assembled state; 

Figure 4 is a sectional view of a carriage 

actuator taken along line IV - IV in Fig. 1; 

Figure 5 is a timing chart showing an advantage 

of the present invention; 

Figure 6 is a schematic illustration similar to 

Fig. 1, but showing the second embodiment of the present 

invention; 

Figure 7 is an exploded view showing various 

components of the embodiment shown in Fig. 6 and the 

mutual positional relationship between these components 

in an assembled state; 

Figure 8 is a schematic illustration similar to 

each of Figs. 1 and 6, but showing the third embodiment 

of the present invention: 

i ••o ,.,,, .. ~·,OR,,."••••"••• ••• ~~----;..;..a.~-:.: .. 
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Figure 9 is a sectional view taken alo.~gi.....;l~i~n~e=-~~~~__. 

IX - IX in Fig. 8; 

Figure 10 is a perspective view of a reaction­

force damping member for use in the embodiment shown in 

Fig. B; 

Figu~e 11 is a perspective view of a modifica­

tion of the reaction-force damping member shown in Fig. 

10; 

Figure 12 is a sectional view of a modification 

of the embodiment shown in Fig. 9; 

Figure 13 is a schematic illustration of an 

entire structure ~f the fourth embodiment of the present 

invention; and 

Figure 14 is an exploded view showing various 

components of a dashpot mechanism for use in the embodi-

ment shown in Fig. 13 and the mutual positional relation­

ship between these components in an assembled state. 

Referring to Fig. ·l, a plurality of information 

recording disks 13 arranged one above another in a direc­

tion normal to the drawing sheet of ~g. 1 ar~·rota~ively 

driven by a disk rotating motor 14 fixed to a base 12. A 

head 1 used to record/reproduce information is secured to 

a carriage 3 through a head suspension 2. Two ball bear­

ings 11 are mounted on a pivot shaft 4 which is fixed to 

the base 12. The carriage 3 is rotatable about the axis 

of the pivot shaft 4. The carriage 3 is fixed to outer 
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races of the ball bearings so as to be rotatable ~a+b~o~u~t~~~~-~--' 

the carriage pivot shaft 4. A voice coil motor 

constituted by a magnet-yoke assembly, comprising yokes 

and permanent magnets, and driving coils rotates the 

·carriage 3 for positioning the head to a predetermined 

point on an associated disk 13 to thereby record or 

reproduce information. 

In this first embodiment, the carriage 3 is 

provided with two driving coils SA, SB, and yokes 6A, 6B 

(Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are 

mounted so as to sandwich the driving coils in the 

direction normal to the drawing sheet. 

In a prior art apparatus, the carriage 3 is 

provided with only one driving coil. This driving coil 

is mounted such that the center of the driving coil is 

positioned on an extension of the line connecting the 

head 1 and the carriage pivot shaft 4. To describe the 

arrangement with reference to Fig. 1, such a single 

driving coil is mounted at a point which is slightly 

angularly shifted from the second driving coil SB toward 

the first driving coil SA. In this arrangement, when 

electric power is supplied to the driving coil under the 

action of a magnetic field, a driving force is generated 

in the driving coil to push an end c)f the carriage so 

that a torque is exerted to rotate the carriage about the 

pivot shaft. As a result, the head can be moved to a 

predete~ined position on the information recording disk. 

However, because the driving force concomitantly produces 

r-·-··--.. --·-······-----·------. 
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a translational excitation force 

pivot shaft, a carriage support system is excited to 

cause vibration which impedes head positioning. 

The above drawback can be avoided by arranging 

two driving coils (twin coils) in opposite relation with 

respect to the carriage pivot shaft such that a twin-coil 

separation angle 6, shown in Fig. 1, is set to be 180 

degrees. With such an arrangement, only a torque is 

exerted on the carriage and hence no translational 

excitation force is generated to act on the carriage 

pivot shaft. However, because magnet-yoke assembly which 

surround the driving coils would interfere with a disk, 

the axis-to-axis distance L1 between the disk rotating 

shaft or spindle and the carriage pivot shaft must be set 

to be greater than in the conventional apparatus using 

one driving coil. Although the distance L2 between the 

center of the carriage pivot shaft and the end face of 

the apparatus is reduced to some extent, the distance L1 

is increased and, eventually, the apparatus size L in the 

longitudinal direction cannot be reduced. Also, the 

greater distance L1 necessarily entails a longer distance 

between the head and the center of the carriage pivot 

shaft. As a result, the increased inertial moment of the 

carriage· 3 gives rise to an obstacle against high-speed 

head positioning. 

In this embodiment, for achieving a further 

reduction in size of small-sized magnetic disk apparatus 

within the standardized form factor dimension and 

. -···-····~--·------. 
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I ____________ , 
suppressing a translational excitation force generated 

during operation and acting on the carriage pivot shaft, 

the angle ~ defined between a line connecting the head 1 

and the center of the carriage pivot shaft 4 and the 

center line of the first driving coil SA is set to be not 

larger than the right angle (90 degrees), and the twin-

coil separation angle 6 is set to be about 120 degrees. 

Additionally, the magnet-yoke assembly comprising the 

yokes and the permanent magnets is connected to assembly-

supporting members 9A, 9B by assemblr-supporting sheet 

springs BA, BB, BC, SD, etc., and reaction-force damping 

members lOA, lOB are mounted between the yokes and the 

assembly-supporting members. 

An advantage of the above-described structure 

will be described below with reference to Fig. 2. In the 

graph of Fig. 2, the abscissa represents the twin-coil 

separation angle 6, and the ordinate represents the 

translational excitation force acting on the carriage 

pivot shaft with one produced in .the prior art apparatus 

taken as a reference. In the prior art apparatus, a 

single driving coil has two surfaces each being under the 

action of a magnetic field to generate a driving force, 

and the angle a (see Fig. 1) defined between the lengths 

of the two surfaces is about 45 degrees. Assuming that 

the translational excitation force acting on the carriage 

pivot shaft during the operation of the prior art 

apparatus is 1.0, as the ~win-coil separation.angle e 
increases, the translational excitation force acting on 

----·----~ 
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the carriage pivot shaft is reduced and becomes zero at e 
of 180 degrees, i.e., when the carriage is driven by the 

ideal couple. 

In the range of the angle e denoted by A in 

Fig. ~' however, the apparatus size exceeds the. stand­

ardized fo:an factox· dimension for the above-described 

reason that the distance L2 is increa$ed. The voice coil 

motor can be constructed without increasing the axis-to­

axis distance L 1 between the spindle and the carriage 

pivot shaft in the range denoted by B, but if the range B 

is exceeded by the angle e, the axis-to-axis distance L1 

must be increased because of interference between the 

disk and the carriage. As a result, a carriage guide arm 

must be made longe~, which increases the inertial moment 

of the carriage and hence impedes high-speed head 

positioning. In the range denoted by C, the axis-to-axis 

distance L1 is not required to be increased, but the voice 

coil motor and the disk are so close to each other, so 

that the magnetic flux leaking from the magnet-yoke 

assembly affects the disk. Further, in the range denoted 

by D, the magnet-yoke assembly which has been assembled 

into a unit can he mounted after the carr.ia9e is 

installed. Thus, t~e assembling efficiency is improved 

if the apparatus is const~ucted with the angle e set to 

be within the range D. However, the translational 

excitation force acting on the carriage pivot sha;t would 

be increased unless the twin-coil separation angle e is 

set to be as large as possible. 
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l.
·nto account the conditions discussed 

Ta.king 

denoted by E is an advantageous range the range 

Practical use. 
for 

In other words, the twin-coil separa-

. le e may preferably be in the range from 100 to tion ang . 

15 0 degrees. The translational excitation force acting 

on the carriage Fivot shaft is reduced to a half of that 

generated in the prior art apparatus at the angle 6 of 

120 degrees, and to a quarter at e of 150 degrees. 

Considering the twin-coil separation angle 8 from the 

viewpoint of a geometrical positional relationship 

between components of the apparatus, if the angular range 

in which the carriage 3 shown in Fig. 1 can be rotated 

radially of the disk is defined as angle y, the ratio of 

0/y is in the range of from 4.5 to 6.8 since y is about 

22 degrees. Also, since the angle ~ formed between the 

line connecting the head 1 and the center of the carriage 

pivot shaft 4 and the center line of the first driving 

coil SA is in the range of from 70 to 80 degrees, the 

ratio of ~/y is in the range of from 3.1 to 3.6 with the 

above value of the angle y taken as a reference. 

The magnet-yoke assembly of the present inven­

tion will be described with reference to Fig. 3. Figure 

3 is an exploded view of the components of the apparatus 

of the invention shown in Fig. 1, showing that the 

components are assembled following associated arrows. 

The magnet-yoke assembly is constructed by adhesively 

fixing two pairs of permanent magnets 7A, 7B and 7C, 70 

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

--~ ... ·-· ......... -· .. 
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different polarities, adhesively fixing two pairs of 

permanent magnets 7E, 7F and 7G, 7H to the yoke 6B, each 

pair of adjacent magnets also having different polari­

ties, and then fixing the yokes 6A, 6B together by means 

of an adhesive or screws into· an integral unit. The 

positions of the permanent magnets 7A to 7H on the yokes 

6A and 6B are determined solely depending on the posi­

tions of the driving coils SA, SB. Since the yokes 6A, 

6B each have a semicircular cutout or notch in its 

central portion, the assembled unit can easily be 

detached from and attached to the apparatus by removing a 

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

information recording disks 13 are installed in the 

apparatus housing. Incidentally, the central angle 

formed between rectilinear edges of each of the yokes 6A, 

6B extending from the inner to outer periphery is set to 

be smaller than 180 degrees so that the volumes of the 

yokes are as large as possible to improve the character-

istics of the magnetic circuit. 

The structure of the magnet-yoke assembly of 

this embodiment will be described below in more detail 

with reference to Fig. 4. As shown in Fig. 4, the two 

pairs of permanent magnets 7A, 7B and 7C, 7D are arranged 

such that each adjacent pair of magnets have different 

polarities and are adhesively fixed to the yoke GA, 

whereas other two pairs of permanent magnets 7E, 7F and 

7G, 7H are arranged such that each adjacent pair of 

magnets have different polarities and are adhesively 
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. the yoke 6B, as 
fi,ced tO 

. field G acts upwardly on the right-hand 
A magnetic 

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

th magnetic field G acts downwardly on the SA while e 

coil 

left-hand windings thereof. A magnetic field acts on 

windings of the second driving coil SB in similar direc­

tions. Under this condition, when a current is supplied 

to the driving coils SA, SB in a direction perpendicular 

to the drawing sheet of Fig. 4, force F is generated ·in 

directions indicated by arrows. When a current is 

supplied in the opposite direction, a force is generated 

in a reversed direction. These thrusts drive the 

carriage to rotate. 

A description will now be made of a magnet-yoke 

assembly supporting mechanism for suppressing vibration 

imparted to a structural member of the apparatus due to a 

reaction force which is generated upon driving of the 

carriage. The magnet-yoke assembly in its entirety is 

supported independently of the base 12, as shown in Fig. 

1, by four sheet springs SA to 80 arranged radially with 

respect to the axis of the carriage pivot shaft 4 and the 

reaction-force damping members lOA, lOB. Slits are 

formed in the yoke 6A and the assembly-supporting members 

9A, 9B. The sheet springs SA to ao· are each fitted at 

both ends into the corresponding slits and are ·adhesively 

fixed to the holding members 9A, 9B such that each sheet 

spring extend perpendicularly to the base 12 and the axis 

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

entire magnet-yoke assembly to rotate infinitesimally 

about the carriage pivot shaft 4. The yoke 6A is held 

independently of the base 12, but the assembly-supporting 

members 9A, 9B are fixed to the base 12 by means of an 

adhesive or screws or may alternatively be fabricated as 

integral projections on the base 12. The yoke 6A and the 

assembly-supporting members 9A, 9B are bonded to each 

other with plate-shaped reaction-force damping members 

lOA, lOB interposed respectively therebetween. The 

damping members lOA, lOB are preferably made of silicon­

based gel or rubber materials. 

With the construction described above, when the 

head is driven, for example, in the direction indicated 

by an arrow~ in Fig. 1, the magnet-yoke assembly 

supported by the sheet springs BA to so· and the reaction­

force damping members lOA, lOB is ro~ated infinitesimally 

about the carriage pivot shaft 4 in the direction indi-

cated by an arrow b due to the reaction force caused by 

carriage driving. The infinitesimal rotation of the 

magnet-yoke assembly causes shearing forces to act .on the 

reaction-force damping members lOA, lOB thereby absorbing 

the vibration energy produced with the infinitesimal 

rotation. As a result, the structural vibration due to 

the re~ction force caused by carriage driving can be 

suppressed and hence vibration tending to impede head 

positioning can be reduced. Ideally, if the inertial 

moment of the entire magnet-yoke assembly, being 

THl3 .:it< .:t , , ..... , .,. ·'-· 
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j 
cted to the reaction force, about the carriage pivot 

sub e 
shaft is much greater than the inertial moment of all the 

rotating members, including the carriage 3 on which the 

head 1 is mounted, about the carriage pivot shaft, the 

vibration imparted to the structural member due to the 

reaction force can be prevented. In this embodiment, 

therefore, the yoke 6A is shaped to have a radial thick­

ness t 2 in its outer peripheral portion greater than an 

axial thickness t 1 in its central portion, as shown in 

Fig. 3, so that a larger part of the mass of the yoke 6A 

is concentrated to the outer peripheral portion to 

increase the total inertial moment of the magnet-yoke 

assembly. 

Additionally, to satisfy the standardized form 

factor dimension, the assembly-supporting structure is 

mounted in an empty space along an outer periphery of the 

magnet-yok~ assembly. Furthermore, to reduce the thick-

ness of the supporting structure, the height of the 

supporting structure is set to fall within the distance h 

(see Fig. 9) between the upper end face of the magnet­

yoke assembly (i.e., the upper surface of the yoke GB) 

and the upper surface of the base 12. 

An advantage of the above-described construe-

tion will be described below with reference to Fig. S. 

Figure 5 is a timing chart with the abscissa representing 

time, in which (a) indicates a target angular velocity of 

the carriage and (b) indicates an acceleration of base 

vibration (in the carriage positioning direction) in the 

···~l~t{~~.) :i~·: ..... L-1 ii..-\.~-, Di~~--­
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prior art apparatus. As will be seen in Fig. 5, there 

occurs residual vibration caused by the structural vibra~ 

tion due to the reaction force even after the position-

ing, i.e., after the elapse of time t 2 • Also, (c) 

indicates an.acceleration (in the carriage positioning 

direction) of base vibration in the inventive apparatus. 

Residual yibration is held small throughout the operation 

time, including a period after the positioning, due to 

the effect given by the non-reacting support structure of 

the magnet-yoke assembly. Further, (d) indicates an 

acceleration (in the radial direction) of carriage pivot 

shaft vibration in the prior art apparatus. Because the 

carriage rear end is driven by one driving coil in the 

prior art apparatus, a translational excitation force is 

generated on the carriage pivot shaft and lasts to 

generate vibration even after the positioning. Finally, 

(e) indicates an acceleration of carriage pivot shaft 

vibration (in the radial direction) in the inventive 

apparatus. With the structure that the carriage is 

driven by the two driving coils, vibration is held small 

not only during the positioning but also after the 

positioning. 

The second embodiment of the present invention 

will be described below with reference to Figs. 6 and 7. 

In Figs. 6 and 7, the same reference numerals as those in 

Figs. 1 to 3 denote the same or identical components as 

or to those in the first embodiment. Between two pairs 

of V-shaped grooves 21 formed in an outer peripheral 
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surface of the yoke 6A and inner peripheral 

assembly-supporting members 9C, 9D, four ball bearings 22 

comprising balls 17A to 17H and races 16A to 160 are 

mounted to support the entire magnet-yoke assembly, 

including the yoke 6B, independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat-

able about the carriage pivot shaft 4. Also, similarly 

to the preceding embodiment, the reaction-force damping 

members lOA, lOB are mounted respectively between the 

outer peripheral surface of the yoke or the magnet-yoke 

assembly and the inner peripheral surf aces of the 

assembly-supporting members 9C, 9D. As will be seen from 

Fig. 6, the ball bearings 22A to 22D and the reaction­

force damping members lOA, lOB are arranged in the 

circumferential direction of the yoke 6A. 

The mutual positional relationship between the 

components will be apparent from Fig. 7. In this embodi-

ment, a single sheet spring BE is provided at a position 

corresponding to the position of the sheet spring BC in 

the embodiment shown in Fig. 1. The sheet spring BE 

extends perpendicularly to the base 12 and is arranged 

radially of the axis of the carriage pivot shaft 4. 

After the entire magnet-yoke assembly has been rotated 

infinitesimally due to the reaction· ·force caused by 

carriage driving, the sheet spring SE functions to return 

the entire magnet-yoke assembly to its neutral position. 

With the addition of such a return mechanism, initial 

positions of the magnet-yoke assembly and the driving 

----·····-·-------------. 
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coils will not be off set so as to generate 

force at all times, thereby ensuring precise positioning 

of the head 1. 

The third embodiment of the present invention 

will be described below with reference to Figs. 8 to 12. 

In Fig. 8, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. The 

entire magnet-yoke assembly including the yoke 6B is 

supported independently of the base 12 by a magnet-yoke 

assembly supporting mechanism comprising sliding bearings 

23A, 23B. Figure 9 shows a structure of one sliding 

bearing 23A. A groove 6A-1 is formed in the outer 

peripheral surface of the yoke 6A, and a projection 9F is 

provided on an inner peripheral surf ace of a assembly-

Jporting member 9E and slidably engaged in the groove 

6A-l. With such an arrangement, the entire magnet-yoke 

assembly is supported independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. The assembly­

supporting member 9E is formed of, e.g., Teflon or any 

other suitable material. The other assembly-supporting 

member 9G is provided with a similar projection (not 

shown) which is engaged in a groove 6A-2 formed in the 

yoke 6A to thereby constitute the sliding bearing 23B. 

Reaction-force damping members lOA, lOB are 

mounted respectively between the magnet-yoke assembly and 

the assembly-supporting members 9F, 9G. Each of the 

reaction-force damping members may comprise two pieces 
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'-~~----··•·" mounted one on the upper or lower side of the pro ion 

9F on the assembly-supporting member, as shown in Fig. 

10, or may be of a single rectangular piece having a slit 

lOC which slidably receives the projection 9F, as shown 

in Fig. 11. While the grooves of the sliding bearings 

are formed in the yoke GA in this embodiment, the 

embodiment may be modified such that a projection 6C is 

provided on the outer peripheral surf ace of the yoke 6A 

and a groove is formed in each of the assembly-supporting 

members 9E, 9G so that the two members slidably engage 

with each other. Further, this embodiment includes a 

mechanism for returning the carriage to its neutral posi-

tion by the sheet spring SE after an infinitesimal rota-

tion, as in the second embodiment. 

The fourth embodiment of the present invention 

will be described below with reference to Figs. 13 to 14. 

In Fig. 13, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. In this 

embodiment, the entire magnet-yoke assembly including the 

yoke 6B is supported by two dashpot mechanisms 20 which 

also provide a reaction-force damping effect. Further, 

this embodiment includes the mechanism for returning the 

carriage to.its neutral position by the sheet spring BE 

after the infinitesimal rotation, as in the above embodi-

ments. 

As shown in Fig. 14, the dashpot mechanisms 20 

are each structured such that coaxially mounted on·an 

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

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

assembly is accommodated in an arcuate housing 200 having 

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

pistons, and both ends of the arcuate housing 200 are 

covered by covers 20F. The arcuate housing 200 is fixed 

to the outer peripheral surf ace of the magnet-yoke 

assembly such that both ends of the shaft 20A project 

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

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

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

wher~by the entire magnet-yoke assembly is supported 

independently of the base 12 so that the magnet-yoke 

assembly is infinitesimally rotatable about the carriage 

pivot shaft 4. When the magnet-yoke assembly vibrates 

infinitesimally in response to the reaction force caused 

by carriage driving during the operation, air in the 

arcuate housing 20D is forced to _,flow through the piston 

holes 20C, thereby providing a reaction-force damping 

effect. A similar advantage can also be obtained by fix­

ing the arcuate housing 200 to each of the assembly­

supporting members 9C, 90 and fixing both ends of the 

arcuate shaft 20A to the out~r peripheral surface of the 

magnet-yoke assembly conversely to the above structure. 

According to several embodiments described 

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

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

the first driving coil and the carriage guide arm is set 

c:,;; '--':.1~;1-~-:-1. I-"'\S BEEN •.,. ~) t I....... l' .. 
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between the ~espective center lines of the first and 

·second driving coils· is set to about 120 deg~ees, the 

magnet-yoke assembly comprises two yokes sandwiching both 

sides of the driving coils and pe.r.tl'.anent magnets, and 

further the assembly-supporting Iaechanism is mounted 

outwardly of the outer peripheral surface of the magnet­

yoke assembly and also arranged within the height from 

the base surf ace to the upper end faca of the magnet-yoke 

assembly. Therefore, the apparatus can be so reduced in 

si2e and thickness that the apparatus fa11·s within the 

fonn factor dimensions standardized for small-sized 

magnetic disk apparatus. consequeritly, the present 

invention can realize a positioning ~echanism which 

satisfies any of the standardized form factor dimensions 

for small-sized magnetic disk apparatus, such as 1.3", 

1.B", 2.5", 3.5" and 5.25", and is less li.ahle to be 

subjected to vibration. 

Al.so, since the carriage is rotatively driven 

by forces close to a couple, a translational excitation 

force acting on the carriage pivot shaft can be reducad. 

Further, of the components of the carriage driving voice 

coil motor, the magnet-yoke assembly comprising the yokes 

and the permanent magnets is held by the magnet-yoke 

assembly supporting mechanism such that the magnet-yoke 

assembl~· is independent of the base and is infini-

tesimally rotatable and is mounted on the base through 

the reaction-force damping members. It is therefore 
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possible to reduce structural vibration of 

to a reaction-force which is generated in the opposite 

direction to the driving force. As a result of the above 

structure, the relative displacement of the head and disk 

due to structural vibration can be prevented to assure a 

high-speed and highly-accurate head positioning. 

Further, since the yoke of the magnet-yoke 

assembly is constructed to have a radial thickness in its 

outer peripheral portion greater than an axial thickness 

in its central portion, the inertial moment of the 

magnet-yoke assembly subjected to the reaction force can 

be much greater than the inertial moment of the rotating 
* 

members. As a result, the effect of canceling the 

reaction force imparted to the base is enhanced so that 

the relative positions of the head and the disk can be 

more positively prevented from being changed by vibration 

of the structural member, enabling a high-speed and 

highly-accurate head positioning to be achieved. 

Since the magnet-yoke assembly is provided in 

its central portion with a semicircular cutout for avoid-

ing interference with the carriage and has a cutout 

defined by rectilinear edges extending from the center to 

the outer peripheral portion of the magnet-yoke assembly 

with a central angle smaller than 180 degrees defined 

between the edges and positioned to avoid interference 

with information recording disk, the entire magnet-yoke 

assembly can be detached from the apparatus even in a 

condition that the carriage and the information recordi~t 
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disk are installed in the apparatus housing, with a ._ J 
resultant improved assembling efficiency. 

Additionally, since the magnet-yoke assembly 

capable of infinitesimally rotatable is provided with a 

mechanism for returning the carriage to its neutral 

position after the infinitesimal rotation, initial 

positions of the magnet-yoke assembly and the driving 

coils will not be offset to thereby generate stable 

driving force at all times and enables a high-speed and 

highly-accurate head positioning to be achieved. 

In short, according to the present invention, 

by prescribing positions of two driving coils, the 

apparatus can be reduced in both size and thickness so 

that the apparatus falls within any of the form factor 

dimensions standardized for small-sized magnetic disk 

apparatus. Also, vibration of a carriage supporting 

system can be suppressed by driving the carriage with the 

two coil~, and vibration of a structural member due to a 

reaction force can be prevented by supporting the magnet­

yoke assembly in a reaction-force damping manner, making 

it possible to position a head at a high speed and with 

high accuracy. As a result, a high-speed and hig~ly­

accurate rotary information recording/reproducing 

apparatus having a reduced size and.thickness can be 

achieved. 
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A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from s~id disk and being 

positioned in the radial direction of said disk, and a 

carriage driver for applying a torque to said carriage, a 

carriage actuator including two driving coils fixed to 

said carriage and a magnet-yoke assembly which comprises 

permanent magnets and at least one yoke, said magnet-yoke 

assembly and said driving coils being mounted substan­

tially on opposite sides of a carriage piv~t shaft axis 

and at a position just outward of a region where magnetic 

flux leaking from said magnet-yoke assembly affects said 

disk. 

2. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce inf orm~tion on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver·, a carriage actuator including two 

driving coils fixed to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at least 

one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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driving coil and the center of a carriage pivot shaft and 

another line connecting said head and the center of said 

carriage pivot shaft is not larger than 90 degrees and 

that the angle formed between the first and second driv-

ing coils about the center of said carriage pivot shaft 

is within the range of from 100 degrees to 150 degrees. 

3. A rotary information recording/reproducing 

apparatus according to Claim 2, wherein the angle formed 

between said first driving coil and said second driving 

coil about the center of rotation of said carriage is 

substantially 120 degrees. 
'· 

4. A rotary information recording/reproducing 

apparatus according to Claim 2, wherein the angle formed 

between the line connecting the center of said first 

driving coil and the center of said carriage pivot shaft 

and the line connecting said head and the center of said 

carriage pivot shaft is in the range of from 70 degrees 

to 80 degrees. 

s. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said dis~ and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver, said carriage actuator including 

two driving coils fixed to said carriage and a magnet-

\ 111\11\ \\Ill\ 111\l \\1\1 l\ \Ill 
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yoke assembly which comprises permanent 

lease one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of a carriage pivot shaft and 

a line connecting said head and the center of said 

carriage pivot shaft is not larger thari 90 degrees and 

that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot shaft is in the range of from 100 degrees 

to 150 degrees, said first and second driving coils being 

flat in shape, means for supporting said magnet-yoke 

assembly, said supporting means being mounted on one 

surf ace of said base outwardly of an outer peripheral 

surface of said magnet-yoke assembly, said magnet-yoke 

assembly supporting means being arranged to be within the 

dimension from said one surf ace of said base to an end 

face of said magnet-yoke assembly spaced from said one 

base surface. 

6. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes at least three sheet 

springs, two assembly-supporting members and reaction­

force damping members, said sheet springs being mounted 

radiating out from said carriage pivot shaft between the 

outer peripheral surf ace of said magnet-yoke assembly and 

said assembly-supporting members such that each of said 

sheet springs extends perpendicularly to said base and 

the center of said carriage pivot shaft is positioned in 

111111111111111111111111111111 
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a plane including the shee: ::r:ng, said asse~l~ 
supporting members being fixed to said base to support 

said magnet-yoke assembly so as to be independent of said 

base and infinitesimally rotatable, said reaction-force 

damping members being plate-shaped members each mounted 

between the outer peripheral surf ace of said magnet-yoke 

assembly and an inner peripheral surf ace of one of said 

assembly-supporting members. 

7. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a ball bearing, a 

assembly-supporting member, and a reaction-force damping 

member, said ball bearing comprising a plurality of balls 

and races mounted between V-shaped grooves formed respec-

tively in the outer peripheral surface of said magnet-

yoke assembly and an inner peripheral surface of said 

assembly-supporting member, said assembly-supporting 

member being fixed to said base to support said magnet-

yoke assembly so as to be independent of said base and 

infinitesimally rotatable, said reaction-force damping 

member being a plate-shaped member mounted between the 

outer peripheral surface of said magnet-yoke assembly and 

the inner peripheral surface of said assembly-supporting 

member. 

8. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 
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member, said sliding bearing comprising a greoue.. farmed J 
in the outer peripheral surface of ·said magnet-yoke 

assembly and a projection formed on an inner peripheral 

surface of said assembly-supporting member and slidably 

engaged in said groove, said assembly-supporting member 

being fixed to said base to support said magnet-yoke 

assembly so as to be independent of said base and inf ini-

tesimally rotatable, said reaction-force damping member 

being a plate-shaped member mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and the 

inner peripheral surf ace of said assembly-supporting 

member. 

9. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 

member, said sliding bearing comprising a projection 

formed on the outer peripheral surf ace of said magnet-

yoke assembly and a groove formed in an inner peripheral 

surf ace of said assembly-supporting member and slidably 

engaged with said projection, said assembly-supporting 

member being fixed to said base for supporting said 

magnet-yoke assembly so as to be independent of said base 

and infinitesi~ally rotatable, ~aid reaction-force damp­

ing member being a plate~shaped member mounted between 

the outer peripheral surface of said magnet-yoke assemblY 

and the inner peripheral surf ace of said assemblY­

supporting member. 
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10. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surf ace of said magnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an arcuate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 

and fixed thereto, and an arcuate housing having formed 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective openings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to the outer peripheral surf ace of 

said magnet-yoke assembly, both ends of said arcuate 

shaft being supported by said assembly-supporting member, 

said assembly-supporting member being fixed to said base 

for supporting said magnet-yoke assembly so as to be 

independent of said base and infinitesimally rotatable 

via said dashpot mechanism. 

11. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 
. . 

provided on the outer peripheral surf ace of said magnet-

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an ~rcu.ate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 
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and fixed thereto, and an arcuate housing h ving formed 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective openings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to said assembly-supporting member, 

both ends of said arcuate shaft being supported by said 

magnet-yoke assembly, said assembly-supporting member 

being fixed to said base for supporting said magnet-yoke 

assembly so as to be independent of said base and inf ini-

tesimally rotatable via said dashpot mechanism. 

12. A rotary information ~ecording/reproducing 

apparatus according to any one of Claims 5 to 11, wherein 

the yoke of said magnet-yoke assembly includes an outer 

peripheral portion and an inner portion lying inwardly of 

said outer peripheral portion, a radial thickness of said 

outer peripheral portion being greater than an axial 

thickness of said inner portion. 

13. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 12, wherein 

the yoke of said magnet-yoke assembly has a generally 

semicircular shape provided with a central opening for 

said carriage and with a cutout formed in continuity with 

said opening and having diverging edges extending 

substantially parallel to an outer peripheral edge of 

said disk, a central angle formed between the diverging 

edges of said cutout being smaller than 180 degrees. 

14. A rotary information recording/reproducing 
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apparatus according to any one of Claims 7 to 13, wherein 

at least one sheet spring is mounted between the outer 

peripheral surface of said magnet-yoke assembly and said 

assembly-supporting member, said sheet spring being fixed 

to said magnet-yoke assembly and said assembly-supporting 

member such that said sheet spring extends substantially 

perpendicularly to said base and the center of said 

carriage pivot shaft is positioned in a plane including 

said sheet spring, whereby said magnet-yoke assembly is 

returned to its .neutral position after infinitesimal 

rotation. 

15. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 14, wherein 

the yoke and the permanent magnet of said magnet-yoke 

assembly are so structured as to be detachable from said 

apparatus in a condition that said yoke and said perma-

nent magnet are assembled into an integral unit. 

16. A rotary information recording/reproducing 

apparatus constructed and arranged substantially as 

hereinbefore described, with reference to the accompanying 

drawings. 

11\llll] llll~ llljl l\llJ II 1\11 ; .·.-;_, ''"J-~~.l~T HAS BEEN 
REPLACED 



r-·-···----·····-···--1 I Li ;j SEP ·1996 
1 I 

_J ·-------· 40 

ABSTRACT 

ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS 

A rotary information recording/reproducing apparatus has 

a carriage rotatable by the first and second driving coils about 

a pivot shaft for head positioning. The configuration of the 

driving coils and the carriage guide arm reduces the apparatus 

size and vibration. A magnet-yoke assembly is mounted to a base 

by sheet springs and reaction-force damping members interposed 

therebetween so that the magnet-yoke assembly is independent from 

and infinitesimally rotatable relative to the base. High-speed 

and highly-accurate head positioning is achieved by employing two 

driving coils and a reaction-force damping mechanism which 

attenuate excitation of the carriage pivot system and disk 

spindle. 

FIGURE 1. 
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ROTARY.INFORMATION RECORDING/REPRODUCING APPARA'.t!U~S;....-~~~~~ 

The present invention relates to a rotary 

information recording/reproducing apparatus for turning 

and positioning a head to a predetermined point on an 

information recording disk and, more particularly, to a 

rotary information recording/reproducing apparatus which 

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

speed and with high accuracy. 

A prior art magnetic disk apparatus will be 

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

example. Information recording disks arranged one above 

another are driven to rotate at a constant speed t 

disk rotating motor fixed to a base. Heads are su 

by carriage guide arms through head suspensions in such a 

manner that each head is floated with a small gap held 

relative to an associated disk for recording/reproducing 

information. High-speed and highly accurate positioning 

of the head is performed by rotatively driving the 

carriage with a voice coil motor. The carriage is 

mounted and suppo;ted through ball bearings on and by a 
."i 
·Y 

pivot shaft fixed to the base such that the carriage can 

rotate about the pivot shaft. The voice coil motor 

comprises a voice coil, perm~nent magnets and a yoke. Of 

.-----··---.. ---------.--, 

L s:<TT HAS BEJ.:N 1I 

J'lEPl ... /\.Ci~l) . --------...J 



- 2 -
' these components, the voice coil is attached to 

carriage, whereas the permanent magnets and the yoke 

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

fixed to the base. Since the voice coil surrounded by 

the magnet-yoke assembly in sandwiched relation is under 

the action of a magnetic field, the carriage is 

rotatively driven when the voice coil is supplied with 

electric power. 

However, when a driving force is generated in 

the voice coil with the supply of electric power to the 

voice coil, a resultant reaction force acts on the 

magnet-yoke assembly of the voice coil motor to vibrate 

the base, thereby causing vibration excitation of the 

disk. Also, with the generation of the driving force in 

the voice coil, translational excitation force acts on 

the carriage pivot shaft at the same ·time, thereby 

vibrating a carriage supporting system. A resultant 

vibration force acts on the disk driving motor to vibrate 

it, and hence the disk is further vibrated. 

In view of the above problems, the prior art 

disclosed in Japanese Unexamination Patent Publication 

No. 1-222647 and U.S. Patent No. 4,620,252, for example, 

has been proposed. The prior art apparatus includes two 

flat type driving coils attached to· a carriage on 

opposite sides of the carriage pivot shaft axis. Two 

sets of magnet-yoke assembly are arranged in non-contact 

relation to the driving coils for rotating the carriage 

by a couple. This arrangement is intended to prevent the 

-~;:,. .... 
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translational excitation force from acting on the 

carriage pivot shaft and to reduce vibration of a 

structural member caused by the carriage motion. 

., ... __ ,,_ .•. _. -·-····"-----, 
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According to the prior art disclosed in the 

above-cited Japanese Unexamination Patent Publication No. 

1-222647 and U.S. Patent No. 4,620,252, however, an 

information recording disk having a sufficiently large 

outer diameter cannot be accommodated in a housing of the 

apparatus, making it difficult to provide the apparatus 

with a large capacity. Specifically, because the two 

driving coils are attached to the carriage in opposite 

relation with respect to the axis of the carriage pivot 

shaft and the magnet-yoke assemblies are arranged around 

the driving coils, the axis-to-axis distance between the 

carriage pivot shaft and a disk rotating shaft or spindle 

must be set to be greater than required in other conven-

tional apparatus using one driving coil, in order to 

avoid interference between the carriage and the disk. If 

a disk having a conventional large outer diameter is 

installed in the apparatus housing, the size of the appa­

ratus must be increased in the longitudinal direction 

thereof. 

Further, in order to satisfy form factor dimen­

sions such as 1.3, 1.8, 2.5, 3.5 or·5.25 inches which are 

standardized for small-sized magnetic disk apparatus, the 

disk size must be reduced to such an extent as not 

departing from the apparatus dimension in the longi­

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

axis-to-axis distance as discussed above enlarges the 

size of a carriage guide arm, resulting in the increased 

inertial moment of rotating members. This requires a 

longer access time and, if the output of a carriage 

driving motor is increased as measures for avoiding such · 

a drawback, the apparatus size would be necessarily 

enlarged. Thus, it has been difficult to realize a 

mechanism which can maintain the apparatus within the 

standardized form factor dimension, to suppress vibration 

imparted to a disk via a base or carriage to the extent 

possible, and to position the head at a high speed and 

with high accuracy. 

The first feature 

of the present invention resides in a rotary information 

recording/reproducing apparatus which includes at least 

one disk for recording information, a carriage supporting 

a head to record/reproduce information on or from said 

disk and being positioned in the radial direction of said 

disk, and a carriage driver for applying a torque to said 

carriage, a carriage actuator including two driving coils 

attached to said carriage and a magnet-yoke assembly 

which comprises permanent magnets and at least one yoke, 

said magnet-yoke assembly and said driving coils being 

attached to said carriage substantially on opposite sides 

of a carriage pivot shaft· axis and at a position just 

outward of a region where magnetic flux leaking from said 

magnet-yoke assembly affects said disk. 

-·-·--··-....... , ... . 
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The second feature of the present 

resides in a rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and acconunodate said disk, said head, said carriage and 

said carriage driver, a carriage actuator including two 

driving coils attached to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at least 

one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of said carriage pivot shaft 

and another line connecting said head and ·the center of 

·said carriage pivot shaft is not larger than 90 degrees 

and that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot ?haft is within the range of from 100 

degrees to 150 degrees. 

The third feature of the present invention 

resides in a rotary information recording/reproducing 

apparatus which includes at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the.radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 
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and accommodate said disk, said head, said ca~i~ge and 

said carriage driver, a carriage actuator including two 

driving coils attached to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at lease 

one yoke, the arrangement.being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of said carriage pivot shaft 

.and another line connecting said head and the center of 

said carriage pivot shaft is not larger than 90 degrees 

and that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot shaft is in the range of from 100 degrees 

to 150 degrees, said first and second driving coils being 

flat in shape, means for supporting said magnet-yoke 

assembly, said supporting means being mounted on one 

surf ace of said base outwardly of an outer peripheral 

surface of said magnet-yoke assembly, said magnet-yoke 

assembly supporting means being arranged to be within the 

dimension from said one surf ace of said base to an end 

face of said magnet-yoke assembly spaced f rorn said one 

base surface. 

The present invention may 

realize a reduction in both apparatus size and thickness 

and, hence, to provide a rotary information recording/ 

reproducing apparatus which is within the standardized 

form factor dimension. 

The present invention may 

provide a high-performance rotary information recording/ 

reproducing apparatus equipped with a low-vibration head 

f°THIS SHEET }IAS Bl~EN 
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"tioning mechanism in which an information recording 
poSJ. 

f "b t' due to a reaction force disk is prevented rem vi ra ing 

generated with driving of a carriage, and a translational 

force acting on a carriage pivot shaft upon excitation 

generation of a carriage torque is reduced to the extent 

possible. 
In a preferable embodiment of the present 

invention, said magnet-yoke assembly supporting means 

includes at least three sheet springs, two assembly-

supporting members and reaction-force damping members, 

said sheet springs being mounted radiating out from said 

carriage pivot shaft between the outer peripheral surface 

of said magnet-yoke assembly and said assembly-supporting 

members such that each of said sheet springs extends 

perpendicularly to said base and the center of said 

carriage pivot shaft is positioned in a plane including 

the sheet spring, said assembly-supporting member~ being 

mounted to said base to support said magnet-yoke assembly 

so as to be independent of said base and infinitesimally 

rotatable, said rea~tion-force damping members being 

plate-shaped members each mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and an 

inner peripheral surf ace of one of said assembly-

supporting members. 

;·-····----------
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Alternatively, the sheet springs may be 

replaced with ball bearings or sliding bearings. The 

m~gnet-yoke assembly supporting means may comprise a 

dashpot mechanism provided on the.outer peripheral 

surface of the magnet-yoke assembly and. a assembly­

supporting member for supporting the dashpot mechanism. 

Preferably, the yoke of the magnet-yoke 

assembly may include an outer peripheral portion and an 

inner portion lying inwardly of the outer peripheral 

portion, a radial thickness of the outer peripheral 

portion being greater than an axial thickness of the 

inner portion. Also preferably, the yoke of said magnet­

yoke assembly has a generally semicircular shape provided 

with central opening for said carriage and with a cutout 

formed in continuity with said opening and having diverg­

ing edges extending substantially parallel to an outer 

peripheral edge of said disk~ a central angle formed 

between the diverging edges of said cutout being smaller 

than 180 degrees. 

Further preferably, at least one sheet spring 

is mou~ted between the outer peripheral surf ace of said 

magnet-yoke assembly and said assembly-supporting member, 

said sheet spring being fixed to said magnet-yoke 

assembly and said assembly-supporting member such that 

said sheet spring extends substantially perpendicularly 

to said base and the center of said carriage pivot shaft 

is positioned in a plane including said sheet spring, 

whereby said magnet-yoke assembly is returned to its 

THIS SHEET HAS BEEN J 
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1 Posl..tion after infinitesimal rotation.~~ 
neutra 

According to the above first feature, since the 

magnet-yoke assembly id suspended and the driving coils 

are mounted at a position just outwardly of a region 

where magnetic flux leaking from the magnet-yoke assembly 

affects the disk, the axis-to-axis distance between the 

disk rotating shaft or spindle and the carriage pivot 

shaft can be reduced while magnetic recording on the disk 

is kept in a high-accurate state. Therefore, it is also 

possible to reduce the distance between the head and the 

center of the carriage pivot shaft, the distance between 

the center of the carriage pivot shaft and an end face of 

the apparatus, and further the apparatus size. In addi-

tion, since carriage guide arms can be shortened, the 

inertial moment of the carriage is eventually reduced, 

resulting in a higher-speed positioning of the head. 

According to the above second feature, since 

the angle formed between a line connecting the center of 

the first driving coil and the center of the carriage 

pivot shaft and another line connecting the head and the 

center of the pivot shaft is not larger than 90 degrees, 

and the angle formed between the center lines of the 

first and second driving.coils about the center of 

carriage pivot shaft is in the range' of from 100 degrees 

to 150 degrees, the magnet-yoke assembly surrounding the 

two driving coils in sandwiched relation can be prevented 

from interfering with the disk. Also, since the axis-to-

axis distance between the spindle and the carriage is 

~···-··- ·-··----.. -·-·-------.... __ _ 
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reduced, the carriage guide arm can be shorten~:'"-Gl.H(Cl.-4~~~~~-l 

inertial moment of the carriage can be reduced corre-

spondingly. Further, since the two driving coils are 

mounted around the carriage pivot shaft in angularly 

spaced relation in the circumferential direction of the 

shaft axis, the carriage can be rotatively driven by a 

force substantially close to a couple so that a trans-

lational excitation force a9ting on the carriage pivot 

shaft is reduced during the operation. It is to be noted 

that, when the two driving coils are so mounted as to be 

spaced 120 degrees, the translational excitation force 

acting on the carriage piv9t shaft can be reduced to a 

half that produced in the prior art apparatus, and when 

spaced 150 degrees, it can be reduced to a quarter. This 

enables the apparatus size to be· reduced within any of 

the standardized form factor dimensions and is also 

advantageous in respect of high-speed positioning of the 

head. Additionally, components of the carriage actuator 

are assembled ~nto an integral unit. The magnet-yoke· 

assembly can be attached to and detached from the 

apparatus as one unit, resulting in an improvement in 

assembling efficiency. 

Moreover, according to the above third feature, 

since the two driving coils are flat in shape and the 

magnet-yoke assembly supporting mean is mounted outwardly 

of the outer peripheral surf ace of the magnet-yoke 

assembly and is arranged to fall within the height from 

the base surf ace to the upper end face of the magnet-yoke 
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assembly, the thickness of the apparatus can be·- ·.reauced 

remarkably. 

In the preferred embodiment, since the magnet­

yoke assembly supporting means includes sheet springs, 

assembly-supporting members and reaction-force damping 

members, the magnet-yoke assembly is suspended by the 

supporting means so as to be independent of the base and 

infinitesimally rotatable and is also supported through a 

damping structure comprising the reaction-force damping 

members. Therefore, the structural vibration of the 

base, due to a reaction-force which is generated in the 

opposite direction to the driving force can be reduced. 

As a result, the relative displacement of the head and 

disk due to structural vibration can be prevented, 

thereby achieving a high-speed and highly-accurate head 

positioning. A similar advantage can also be obtained by 

using ball bearings or sliding bearings instead of the 

sheet springs, or by employing a combination of dashpot 

mechanism and assembly-supporting member to construct the 

magnet-yoke assembly supporting means. 

Further, when the yoke of the magnet-yoke 

assembly is constructed such that the radial thickness of 

its outer peripheral portion is greater than t~e axial 

thickness of its inner portion, a structure is realized 

in which the inertial moment of the magnet-yoke assembly 

subjected to the reaction force is much greater than the 

inertial moment of the rotating members. As a result, 

the effect of canceling the reaction force imparted to 

"""··--·-·· -----, 
.li~ ~.b.~ .. 1~1 .t~i-i.S BL:EN 
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the base is enhanced so that the head and 

more positively prevented from being shifted in by vibra~ 

tion of the structural member, thereby achieving a high­

speed and highly-accurate head positioning. Also, when 

the magnet-yoke assembly is provided with a semicircular 

opening in its central portion and with a cutout defined 

- ---- -- . 

by rectilinear edges extending from the center to the 

outer periphery thereof with a central angle between the 

edges being not larger than 190 degrees, the entire 

magnet-yoke assembly can be attached to and detached from 

the apparatus even in a condition that the carriage and 

the disk are kept assembled on the apparatus, with a 

resultant improvement in the assembling efficiency. 

Additionally, when the outer peripheral portion 

of the magnet-yoke assembly and the assembly-supporting 

member is coupled to each other by at least one sheet 

spring, a mechanism for returning the magnet-yoke 

assembly to its neutral position after infinitesimal 

rotation can be provided to prevent the magnet-yoke 

assembly and the driving coils from being offset from 

their initial positions, so as to generate stable driving 

force at all times, thereby achieving a high-speed and 

highly-accurate head positioning. 

The above and other 

advantages of the present invention will be more apparent 

from the following description made merely by way of example 

with reference to the accompanying drawings. 

r·:f~HS SHGET HAS BEEN 
REPLACED 
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Figure 1 is a schematic illustration of an 

entire structure of the first embodiment of a rotary 

information recording/reproducing apparatus according to 

the present invention; 

Figure 2 is a graph showing the relationship 

between a twin-coil separation angle and a translational 

excitation force acting on a carriage pivot shaft, and 

the range in which the standardized form factor dimension 

is satisfied; 

Figure 3 is an exploded view showing various 

components of the embodiment shown in Fig. 1 and the 

mutual positional relationship between these co~ponents 

in an assembled state; 

Figure 4 is a sectional view of a carriage 

actuator taken along line IV - IV in Fig. l; 

Figure 5 is a timing chart showing an advantage 

of the present invention; 

Figure 6 is a schematic illustration similar to 

Fig. 1, but showing the second embodiment of the present 

invention; 

Figure 7 is an exploded view showing various 

components of the embodiment shown in Fig. 6 and the 

mutual positional relationship between these components 

in an assembled state; 

Figure 8 is a schematic illustration similar to 

each of Figs. 1 and 6, but showing the third embodiment 

of the present invention: ..... _ ... _____ ... 
"'i'lll5 Sf-:fCt; I'·-1~1·.~~:;· .j3}::i~~~­
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Figure 9 is a sectional view taken al~ng lin~ 

IX - IX in Fig. 8; 

Figure 10 is a perspective view of a reaction­

force damping member for use in the embodiment shown in 

Fig. 8; 

Figu~e 11 is a perspective view of a modif ica­

tion of the reaction-force damping member shown in Fig. 

10; 

Figure 12 is a sectional view of a modification 

of the embodiment shown in Fig. 9; 

Figure 13 is a schematic illustration of an 

entire structure ~f the fourth embodiment of the present 

invention; and 

Figure 14 is an exploded view showing various 

components of a dashpot mechanism for use in the embodi­

ment shown in Fig. 13 and the mutual positional relation-

ship between these components in an assembled state. 

Referring to Fig. ·l, a plurality of information 

recording disks 13 arranged one above another in a direc­

tion normal to the drawing sheet of F~g. 1 ar~·rota~ively 

driven by a disk rotating motor 14 fixed to a base 12. A 

head 1 used to record/reproduce information is secured to 

a carriage 3 through a ·head suspension 2. Two ball bear­

ings 11 are mounted on a pivot shaft 4 which is fixed to 

the base 12. The carriage 3 is rotatable about the axis 

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

...----- ·-···--·-·····-· .. 
THIS SHEET Hl;.3 !::: .• , .. ;. 
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races of the ball bearings so as to be rotatable;-~al5B'fi'l"\?IITT"i't~---w-•~~~~-J 

the carriage pivot shaft 4. A voice coil motor 

constituted by a magnet-yoke assembly, comprising yokes 

and permanent magnets, and driving coils rotates the 

·carriage 3 for positioning the head to a predetermined 

point on an associated disk 13 to thereby record or 

reproduce information. 

In this first embodiment, the carriage 3 is 

provided with two driving coils SA, SB, and yokes 6A, 6B 

(Fig. 3), permanent magnets 7A, 7B, 7C, 7D, etc. are 

mounted so as to sandwich the driving coils in the 

direction normal to the drawing sheet. 

In a prior art apparatus, the carriage 3 is 

provided with only one driving coil. This driving coil 

is mounted such that the center of the driving coil is 

positioned on an extension of the line connecting the 

head 1 and the carriage pivot shaft 4. To describe the 

arrangement with reference to Fig. 1, such a single 

driving coil is mounted at a point which is slightly 

angularly shifted from the second driving coil SB toward 

the first driving coil SA. In this arrangement, when 

electric power is supplied to the driving coil under the 

action of a magnetic field, a driving force is generated 

in the driving coil to push an end C::)f the carriage so 

that a torque is exerted to rotate the carriage about the 

pivot shaft. As a result, the head can be moved to a 

predetermined position on the information recording disk. 

However, because the driving force concomitantly produces 

,---------·-··------·-········--·-···--
' THIS C.:H;:;·FT ;..; 1, ';' ;: t· ,.,,.. . "'_..~ ·• -~ - ... .;. J. \ •.. > 1;!...:L.l'l 
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a translational excitation force acting on 

pivot shaft, a carriage support system is excited to 

cause vibration which impedes head positioning. 

The above drawback can be avoided by arranging 

two driving coils (twin coils) in opposite relation with 

respect to the carriage pivot shaft such that a twin-coil 

separation angle 6, shown in Fig. 1, is set to be 180 

degrees. With such an arrangement, only a torque is 

exerted on the carriage and hence no translational 

excitation force is generated to act on the carriage 

pivot shaft. However, because magnet-yoke assembly which 

surround the driving coils would interfere with a disk, 

the axis-to-axis distance L1 between the disk rotating 

shaft or spindle and the carriage pivot shaft must be set 

to be greater than in the conventional apparatus using 

one driving coil. Although the distance L2 between the 

center of the carriage pivot shaft and the end face of 

the apparatus is reduced to some extent, the distance L1 

is increased and, eventually, the apparatus size L in the 

longitudinal direction cannot be reduced. Also, the 

greater distance L1 necessarily entails a longer distance 

between the head and the center of the carriage pivot 

shaft. As a result, the increased inertial moment of the 

carriage· 3 gives rise to an obstacle against high-speed 

head positioning. 

In this embodiment, for achieving a further 

reduction in size of small-sized magnetic disk apparatus 

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

during operation and acting on the carriage pivot shaft, 

the angle ~ defined between a line connecting the head 1 

and the center of the carriage pivot shaft 4 and the 

center line of the first driving coil SA is set to be not 

larger than the right angle (90 degrees), and the twin-

coil separation angle 0 is set to be about 120 degrees. 

Additionally, the magnet-yoke assembly comprising the 

yokes and the permanent magnets is connected to assembly-

supporting members 9A, 9B by assemblr-supporting sheet 

springs BA, SB, BC, BD, etc., and reaction-force damping 

members lOA, lOB are mounted between the yokes and the 

assembly-supporting members. 

An advantage of the above-described structure 

will be described below with reference to Fig. 2. In the 

graph of Fig. 2, the abscissa represents the twin-coil 

separation angle 8, and the ordinate represents the 

translational excitation force acting on the carriage 

pivot shaft with one produced in .the prior art apparatus 

taken as a reference. In the prior art apparatus, a 

single driving coil has two surfaces each being under the 

action of a magnetic field to generate a driving force, 

and the angle a (see Fig. 1) defined between the lengths 

of the two surfaces is about 45 degrees. Assuming that 

the translational excitation force acting on the carriage 

pivot shaft during the operation of the prior art 

apparatus is 1.0, as the twin-coil separation angle a 
increases, the translational excitation force acting on 

TH Is sm.:12~1~·}{~\°f;/l!iZ;N··-) 
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~he carriage pivot shaft is reduced and becornes zero at e 

of 180 degrees, i.e., when the carr~age is driven by the 

ideal couple. 

In the range of the angle 6 denoted by A in 

Fig. 2, however, the apparatus size exceeds the stand­

ardized :!:o:on factox· dimension for the above-described 

reason that the distance L2 is increased. The voice coil 

motor can be constr~cted without increasing the axis-to-

axis distance L1 between the spindle and the carriage 

pivot shaft in the range denoted by B, but if the range B 

is exceeded by the angle e, the axis-to-axis distance L1 

must be increased because of interference between the 

disk and the carriage. As a result, a carriage guide arm 

must be made longer, which increases the inertial moment 

of the carriaqe and hence impedes high-speed head 

positioning. In the range denoted by C, the axis-to-axis 

distance L1 is not requi~ed to be increased, but the voice 

coil motor and the disk are so close to each other, so 

that the magnetic flux leaking from the magnet-yoke 

assembly affects the disk. Further, in the ranqe denoted 

by D, the magnet-yoke assembly which has been assembled 

into a unit can be mounted after the carriage is 

installed. Thus, t~e assembling efficiency is improved 

if the apparatus is constructed with the angle e set to 

be within the range D. However, the translational 

excitation force acting on the carriage pivot sha;t would 

be inc~eased unless the twin-coil separation angle e is 

set to be as large as possible. 
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into account the conditions 
Taking 

the range 
a.bove. 

denoted by E is an advantageous range 

P
ractical use. 

tor 
In other words, the twin-coil separa-

. le e may preferably be in the range from 100 to 
tJ.on ang 

15 0 degrees. The translational excitation force acting 

on the carriage pivot shaft is reduced to a half of that 

generated in the prior art apparatus at the angle 6 of 

120 degrees, and to a quarter at 6 of 150 degrees. 

considering the twin-coil separation angle 6 from the 

viewpoint of a geometrical positional relationship 

between components of the apparatus, if the angular range 

in which the carriage 3 shown in Fig. 1 can be rotated 

radially of the disk is defined as angle y, the ratio of 

8/y is in the range of from 4.5 to 6.8 since y is about 

22 degrees. Also, since the angle ~ formed between the 

line connecting the head 1 and the center of the carriage 

pivot shaft 4 and the center line of the first driving 

coil SA is in the range of from 70 to 80 degrees, the 

ratio of ~/y is in the range of from 3.1 to 3.6 with the 

above value of the angle y taken as a reference. 

The magnet-yoke assembly of the present inven­

tion will be described with reference to Fig. 3. Figure 

3 is an exploded view of the components of the apparatus 

of the invention shown in Fig. 1, showing that the 

components are assembled following associated arrows. 

The magnet-yoke assembly is constructed by adhesively 

fixing two pairs of permanent magnets 7A, 7B and 7C, 70 

to the yoke 6A, each pair of adjacent magnets having 
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different polarities, adhesively fixing two pairs of 

permanent magnets 7E, 7F and 7G, 7H to the yoke GB, each 

pair of adjacent magnets also having different polari­

ties, and then fixing the yokes GA, 6B together by means 

of an adhesive or screws into· an integral unit. The 

positions of the permanent magnets 7A to 7H on the yokes 

6A and 6B are determined solely depending on the posi­

tions of the driving coils SA, SB. Since the yokes 6A, 

6B each have a semicircular cutout or notch in its 

central portion, the assembled unit can easily be 

detached from and attached to the apparatus by removing a 

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

information recording disks 13 are installed in the 

apparatus housing. Incidentally, the central angle 

formed between rectilinear edges of each of the yokes 6A, 

6B extending from the inner to outer periphery is set to 

be smaller than 180 degrees so that the volumes of the 

yokes are as large as possible to improve the character-

istics of the magnetic circuit. 

The structure of the magnet-yoke assembly of 

this embodiment will be described below in more detail 

with reference to Fig. 4. As shown in Fig. 4, the two 

pairs of permanent magnets 7A, 7B and 7C, 70 are arranged 

such that each adjacent pair of magnets have different 

polarities and are adhesively fixed to the yoke GA, 

whereas other two pairs of permanent magnets 7E, 7F and 

7G, 7H are arranged such that each adjacent pair of 

magnets have different polarities and are adhesively 

············--. 
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6B a s has previously been described. . the yoke 1 
fixed to 

. field G acts upwardly on the right-hand 
A magnetic 

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

th magnetic field G acts downwardly on the SA while e 

left-hand windings thereof. A magnetic field acts on 

windings of the second driving coil SB in similar direc­

tions. Under this condition, when a current is supplied 

to the driving coils SA, SB in a direction perpendicular 

to the drawing sheet of Fig. 4, force F is generated ·in 

directions indicated by arrows. When a current is 

supplied in the opposite direction, a force is generated 

in a reversed direction. These thrusts drive the 

carriage to rotate. 

A description will now be made of a magnet-yoke 

assembly supporting mechanism for suppressing vibration 

imparted to a structural member of the apparatus due to a 

reaction force which is generated upon driving of the 

carriage. The magnet-yoke assembly in its entirety is 

supported independently of the base 12, as shown in Fig. 

1, by four sheet springs BA to 80 arranged radially with 

respect to the axis of the carriage pivot shaft 4 and the 

reaction-force damping members lOA, lOB. Slits are 

formed in the yoke 6A and the assembly-supporting members 

9A, 9B. The sheet springs BA to BD. are each fitted at 

both ends into the corresponding slits and are ·adhesively 

fixed to the holding members 9A, 9B such that each sheet 

spring extend perpendicularly to the base 12 and the axis 

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

entire magnet-yoke assembly to rotate infinitesimally 

about the carriage pivot shaft 4. The yoke 6A is held 

independently of the base 12, but the assembly-supporting 

members 9A, 9B are fixed to the base 12 by means of an 

adhesive or screws or may alternatively be fabricated as 

integral projections on the base 12. The yoke 6A and the 

assembly-supporting members 9A, 9B are bonded to each 

other with plate-shaped reaction-force damping members 

lOA, lOB interposed respectively therebetween. The 

damping members lOA, lOB are preferably made of silicon-

based gel or rubber materials. 

With the construction described above, when the 

head is driven, for example, in the direction indicated 

by an arrows. in Fig. 1, the magnet-yoke assembly 

supported by the sheet springs BA to ao·and the reaction­

force damping members lOA, lOB is rotated infinitesimally 

about the carriage pivot shaft 4 in the direction indi­

cated by an arrow b due to the reaction force caused by 

carriage driving. The infinitesimal rotation of the 

magnet-yoke assembly causes shearing forces to act .on the 

reaction-force damping members lOA, lOB thereby absorbing 

the vibration energy produced with the infinitesimal 

rotation. As a result, the structural vibration due to 

the reaction force caused by carriage driving can be 

suppressed and hence vibration tending to impede head 

positioning can be reduced. Ideally, if the inertial 

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

sub e 
shaft is much greater than the inertial moment of all the 

rotating members, including the carriage 3 on which the 

head l is mounted, about the carriage pivot shaft, the 

vibration imparted to the structural member due to the 

reaction force can be prevented. In this embodiment, 

therefore, the yoke 6A is shaped to have a radial thick­

ness t 2 in its outer peripheral portion greater than an 

axial thickness t 1 in its central portion, as shown in 

Fig. 3, so that a larger part of the mass of the yoke GA 

is concentrated to the outer peripheral portion to 

increase the total inertial moment of the magnet-yoke 

assembly. 

Additionally, to satisfy the standardized form 

factor dimension, the assembly-supporting structure is 

mounted in an empty space along an outer periphery of the 

magnet-yak~ assembly. Furthermore, to reduce the thick­

ness of the supporting structure, the height of the 

supporting structure is set to fall within the distance h 

(see Fig. 9) between the upper end face of the rnagnet­

yoke assembly (i.e., the upper surface of the yoke 6B) 

and the upper surface of the base 12. 

An advantage of the above-described construe-

tion will be described below with reference to Fig. 5. 

Figure 5 is a timing chart with the abscissa representing 

time, in which (a) indicates a target angular velocity of 

the carriage and (b) indicates an acceleration of base 

vibration (in the carriage positioning direction) in the 
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prior art apparatus. As will be seen in Fig. 5, there 

occurs residual vibration caused by the structural vibra~ 

tion due to the reaction force even after the position-

ing, i.e., after the elapse of time t 2 • Also, (c) 

indicates an.acceleration (in the carriage positioning 

direction) of base vibration in the inventive apparatus. 

Residual yibration is held small throughout the operation 

time, including a period after the positioning, due to 

the effect given by the non-reacting support structure of 

the magnet-yoke assembly. Further, (d) indicates an 

acceleration (in the radial direction) of carriage pivot 

shaft vibration in the prior art apparatus. Because the 

carriage rear end is driven by one driving coil in the 

prior art apparatus, a translational excitation force is 

generated on the carriage pivot shaft and lasts to 

generate vibration even after the positioning. Finally, 

(e) indicates an acceleration of carriage pivot shaft 

vibration (in the radial direction} in the inventive 

apparatus. With the structure that the carriage is 

driven by the two driving coils, vibration is held small 

not only during the positioning but also after the 

positioning. 

The second embodiment of the present invention 

will be described below with reference to Figs. 6 and 7. 

In Figs. 6 and 7, the same reference numerals as those in 

Figs. 1 to 3 denote the same or identical components as 

or to those in the first embodiment. Between two pairs 

of v-shaped grooves 21 formed in an outer peripheral 

THIS SHEET H;\S BEEN 
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surface of the yoke 6A and inner peripheral SO:rfa~es of J 
assembly-supporting members 9C, 9D, four ball bearings 22 

comprising balls 17A to 17H and races 16A to 16D are 

mounted to support the entire magnet-yoke assembly, 

including the yoke GB, independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. Also, similarly 

to the preceding embodiment, the reaction-force damping 

members lOA, lOB are mounted respectively between the 

outer peripheral surface of the yoke or the magnet-yoke 

assembly and the inner peripheral surfaces of the 

assembly-supporting members 9C, 90. As will be seen from 

Fig. 6, the ball bearings 22A to 220 and the reaction-

force damping members lOA, lOB are arranged in the 

circumferential direction of the yoke 6A. 

The mutual positional relationship between the 

components will be apparent from Fig. 7. In this embodi-

ment, a single sheet spring BE is provided at a position 

corresponding to the position of the sheet spring BC in 

the embodiment shown in Fig. 1. The sheet spring BE 

extends perpendicularly to the base 12 and is arranged 

radially of the axis of the carriage pivot shaft 4. 

After the entire magnet-yoke assembly has been rotated 

infinitesimally due to the reaction· 'force caused by 

carriage driving, the sheet spring BE functions to return 

the entire magnet-yoke assembly to its neutral position. 

With the addition of such a return mechanism, initial 

positions of the magnet-yoke assembly and the driving 



s-.............. .. 

r; {·: ~·-:·L/:: .~: · ~-- ·~: l 

- 26 -

,-........ _ .. _,. ·-----· __ .. _ .... ____ l 

~ c;:c ·;;190 1 

force at all times, thereby ensuring precise positioning 

of the head 1. 

The third embodiment of the present invention 

will be described below with reference to Figs. B to 12. 

In Fig. B, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. The 

entire magnet-yoke assembly including the yoke 6B is 

supported independently of the base 12 by a magnet-yoke 

assembly supporting mechanism comprising sliding bearings 

23A, 23B. Figure 9 shows a structure of one sliding 

bearing 23A. A groove 6A-l is formed in the outer 

peripheral surface of the yoke 6A, and a projection 9F is 

provided on an inner peripheral surf ace of a assembly-

.Jporting member 9E and slidably engaged in the groove 

6A-l. With such an arrangement, the entire magnet-yoke 

assembly is supported independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. The assembly-

supporting member 9E is formed of, e.g., Teflon or any 

other suitable material. The other assembly-supporting 

member 9G is provided with a similar projection (not 

shown) which is engaged in a groove 6A-2 formed in the 

yoke 6A to thereby constitute the sliding bearing 23B. 

Reaction-force damping members lOA, lOB are 

mounted respectively between the magnet-yoke assembly and 

the assembly-supporting members 9F, 9G. Each of the 

reaction-force damping members may comprise two pieces 

REPLACED 
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mounted one on the upper or lower side of the p ejection -....-....;;;....;;.,--.:;...::..:.:..._ _____ . 
9F on the assembly-supporting member, as shown in Fig. 

10, or may be of a single rectangular piece having a slit 

lOC which slidably receives the projection 9F, as shown 

in Fig. 11. While the grooves of the sliding bearings 

are formed in the yoke 6A in this embodiment, the 

embodiment may be modified such that a projection 6C is 

provided on the outer peripheral surface of the yoke 6A 

and a groove is formed in each of the assembly-supporting 

members 9E, 9G so that the two members slidably engage 

with each other. Further, this embodiment includes a 

mechanism for returning the carriage to its neutral posi-

tion by the sheet spring SE after an infinitesimal rota-

tion, as in the second embodiment. 

The fourth embodiment of the present invention 

will be described below with reference to Figs. 13 to 14. 

In Fig. 13, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. In this 

embodiment, the entire magnet-yoke assembly including the 

yoke 6B is supported by two dashpot mechanisms 20 which 

also provide a reaction-force damping effect. Further, 

this embodiment includes the mechanism for returning the 

carriage to its neutral position by the sheet spring BE 

after the infinitesimal rotation, as in the above embodi-

ments. 

As shown in Fig. 14, the dashpot mechanisms 20 

are each structured such that coaxially mounted on·an 

arcuate shaft 20A are two pistons 20B each provided with 
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a plurality of through holes 20C parallel to tlm"""lnntfe· 

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

assembly is accommodated in an arcuate housing 200 having 

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

pistons, and both ends of the arcuate housing 200 are 

covered by covers 20F. The arcuate housing 200 is fixed 

to the outer peripheral surf ace of the magnet-yoke 

assembly such that both ends of the shaft 20A project 

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

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

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

wher~by the entire magnet-yoke assembly is supported 

independently of the base 12 so that the magnet-yoke 

assembly is infinitesimally rotatable about the carriage 

pivot shaft 4. When the magnet-yoke assembly vibrates 

infinitesimally in response to the reaction force caused 

by carriage driving during the operation, air in the 

arcuate housing 200 is forced to.,flow through the piston 

holes 20C, thereby providing a reaction-force damping 

effect. A similar advantage can also be obtained by fix­

ing the arcuate housing 20D to each of the assembly­

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

arcuate shaft 20A to the out~r peripheral surface of the 

magnet-yoke assembly conversely to the above structure. 

According to several embodiments described 

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

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

the first driving coil and the carriage guide arm is set 

THIS SH5ET HAS BEEN 
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to be not larger than 90 deqz~e~, the angle 6 formed 

between the ~espective center lines of the first and 

second driving coils is set to about 120 deg~ees, the 

magnet-yoke assembly comprises two yokes sandwichinq both 

sides of the driving coils and pennanent magnets, and 

further the assembly-supporting mechanism is mounted 

outwardly of the outer peripheral surface of the magnet­

yoke assembly and also arranged within the height from 

the base surf ace to the upper end face of the magnet-yoke 

assembly. Therefore, the apparatus can be so reduced in 

si2e and thickness that the apparat.us falls within the 

form factor dimensions standardized for small-sizea 

maqnetie disk apparatus. consequently, the present 

invention can realize a positioning nechanism which 

satisfies any of the standardized form £actor dimensions 

for small-sized magnetic disk apparatus, such as 1.3", 

1.8", 2.5", 3.5" and 5.25", and is less l.i.able to be 

subjected to vibration. 

Also, since the carriage is rotatively driven 

by forces close to a couple, a translational excitation 

force acting on the carriage pivot shaft can be reduced. 

Further, of the components of the carriage driving voice 

coil motor, the magnet-yoke assembly· comprising the yokes 

and the permanent magnets is held by the magnet-yoke 

assembly supporting mechanism such that the magnet-yoke 

assemblj:" is independent of the base and is infini-

tesimally rotatable and is mounted on the base through 

the reaction-force damping members. It is therefore 

r---·--.. -· --·-·-·--·----
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to a reaction-force which is generated in the opposite 

direction to the driving force. As a result of the above 

structure, the relative displacement of the head and disk 

due to structural vibration can be prevented to assure a 

high-speed and highly-accurate head positioning. 

Further, since the yoke of the magnet-yoke 

assembly is constructed to have a radial thickness in its 

outer peripheral portion greater than an axial thickness 

in its central portion, the inertial moment of the 

magnet-yoke assembly subjected to the reaction force can 

be much greater than the inertial moment of the rotating 

members. As a result, the effect of canceling the 

reaction force imparted to the base is enhanced so that 

the relative positions of the head and the disk can be 

more positively prevented from being changed by vibration 

of the structural member, enabling a high-speed and 

highly-accurate head positioning to be achieved. 

Since the magnet-yoke assembly is provided in 

its central portion with a semicircular cutout for avoid-

ing interference with the carriage and has a cutout 

defined by rectilinear edges extending from the center to 

the outer peripheral portion of the magnet-yoke assembly 

with a central angle smaller than 180 degrees defined 

between the edges and positioned to avoid interference 

with information recording disk, the entire magnet-yoke 

assembly can be detached from the apparatus even in a 

condition that the carriage and the information recordi~t 

: dilS SHEET HAS BEE:\ 
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disk are installed in the apparatus housing, ~!~..:!:.~~~ .. ~?:......~~~~~ 
resultant improved assembling efficiency. 

Additionally, since the magnet-yoke assembly 

capable of infinitesimally rotatable is provided with a 

mechanism for returning the carriage to its neutral 

position after the infinitesimal rotation, initial 

positions of the magnet-yoke assembly and the driving 

coils will not be off set to thereby generate stable 

driving force at all times and enables a high-speed and 

highly-accurate head positioning to be achieved. 

In short, according to the present invention, 

by prescribing positions of two driving coils, the 

apparatus can be reduced in both size and thickness so 

that the apparatus falls within any of the form factor 

dimensions standardized for small-sized magnetic disk 

apparatus. Also, vibration of a carriage supporting 

system can be suppressed by driving the carriage with the 

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

reaction force can be prevented by supporting the magnet­

yoke assembly in a reaction-force damping manner, making 

it possible to position a head at a high speed and with 

high accuracy. As a result, a high-speed and hig~ly­

accurate rotary information recording/reproducing 

apparatus having a reduced size and.thickness can be 

achieved. 
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C L A I M S 

1. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce information on or from said disk and being 

positioned in the radial direction of said disk, and a 

carriage driver for applying a torque to said carriage, a 

carriage actuator including two driving coils fixed to 

said carriage and a magnet-yoke assembly which comprises 

permanent magnets and at least one yoke, said magnet-yoke 

assembly and said driving coils being mounted substan-

tially on opposite sides of a carriage piv~t shaft axis 

and at a position just outward of a region where magnetic 

flux leaking from said magnet-yoke assembly affects said 

disk. 

2. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce inf orm~tion on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver, a carriage actuator including two 

driving coils fixed to said carriage and a magnet-yoke 

assembly which comprises permanent magnets and at least 

one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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driving coil and the center of a carriage 

another line connecting said head and the center of said 

carriage pivot shaft is not larger than 90 degrees and 

that the angle formed between the first and second driv­

ing coils about the center of said carriage pivot shaft 

is within the range of from 100 degrees to 150 degrees. 

3. A rotary information recording/reproducing 

apparatus according to Claim 2, wherein the angle formed 

between said first driving coil and said second driving 

coil about the center of rotation of said carriage is 

substantially 120 degrees. 

4. A rotary information recording/reproducing 

apparatus according to Claim 2, wherein the angle formed 

between the line connecting the center of said first 

driving coil and the center of said carriage pivot shaft 

and the line connecting said head and the center of said 

carriage pivot shaft is in the range of from 70 degrees 

to 80 degrees. 

s. A rotary information recording/reproducing 

apparatus including at least one disk for recording 

information, a carriage supporting a head to record/ 

reproduce inf orrnation on or from said disk and being 

positioned in the radial direction of said disk, a 

carriage driver for applying a torque to said carriage, 

and a housing comprising a base and a cover to support 

and accommodate said disk, said head, said carriage and 

said carriage driver, said carriage actuator including 

two driving coils fixed to said carriage and a magnet-

I lllllll llllll lllll lllll II llll 
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magnets -eftC:i a:t · yoke assembly which comprises permanent 

lease one yoke, the arrangement being such that the angle 

formed between a line connecting the center of the first 

driving coil and the center of a carriage pivot shaft and 

a line connecting said head and the center of said 

carriage pivot shaft is not larger than 90 degrees and 

that the angle formed between the center lines of the 

first and second driving coils about the center of said 

carriage pivot shaft is in the range of from 100 degrees 

to 150 degrees, said first and second driving coils being 

flat in shape, means for supporting said magnet-yoke 

assembly, said supporting means being mounted on one 

surface of said base outwardly of an outer peripheral 

surface of said magnet-yoke assembly, said magnet-yoke 

assembly supporting means being arranged to be within the 

dimension from said one surf ace of said base to an end 

face of said magnet-yoke assembly spaced from said one 

base surface. 

6 . A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes at least three sheet 

springs, two assembly-supporting members and reaction-

force damping members, said sheet springs being mounted 

radiating out from said carriage pivot shaft between the 

outer peripheral surf ace of said magnet-yoke assembly and 

said assembly-supporting members such that each of said 

sheet springs extends perpendicularly to said base and 

the center of said carriage pivot shaft is positioned in 

' lllllll llllll lllll lllll ll llll 
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supporting members being fixed to said base to support 

said magnet-yoke assembly so as to be independent of said 

base and infinitesimally rotatable, said reaction-force 

damping members being plate-shaped members each mounted 

between the outer peripheral surface of said magnet-yoke 

assembly and an inner peripheral surf ace of one of said 

assembly-supporting members. 

7. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a ball bearing, a 

assembly-supporting member, and a reaction-force damping 

member, said ball bearing comprising a plurality of balls 

and races mounted between V-shaped grooves formed respec-

tively in the outer peripheral surface of said magnet-

yoke assembly and an inner peripheral surf ace of said 

assembly-supporting member, said assembly-supporting 

member being fixed to said base to support said magnet­

yoke assembly so as to be independent of said base and 

infinitesimally rotatable, said reaction-force damping 

member being a plate-shaped member mounted between the 

outer peripheral surface of said magnet-yoke assembly and 

the inner peripheral surf ace of said assembly-supporting 

member. 

8. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 

111111111111111111111111111111 
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member, said sliding bearing comprising a 

in the outer peripheral surface of said magnet-yoke 

assembly and a projection formed on an inner peripheral 

surface of said assembly-supporting member and slidably 

engaged in said groove, said assembly-supporting member 

being fixed to said base to support said magnet-yoke 

assembly so as to be independent of said base and infini­

tesimally rotatable, said reaction-force damping member 

being a plate-shaped member mounted between the outer 

peripheral surface of said magnet-yoke assembly and the 

inner peripheral surface of said assembly-supporting 

member. 

9. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 

member, said sliding bearing comprising a projection 

formed on the outer peripheral surf ace of said magnet-

yoke assembly and a groove formed in an inner peripheral 

surf ace of said assembly-supporting member and slidably 

engaged with said projection, said assembly-supporting 

member being fixed to said base for supporting said 

magnet-yoke assembly so as to be independent of said base 

and infinitesimally rotatable, said reaction-force damp-

ing member being a plate-shaped member mounted between 

the outer peripheral surf ace of said magnet-yoke asse.mblY 

and the inner peripheral surf ace of said assembly­

supporting member. 

I 1\1111) 1111~ lllJI 111\1 II 1\11 



111111 ii~i1mtr 
- 37 -

l'~j;L~.c:~~:ir::t,rrsir::ET l 
I 

r··""' .. """""'·'-, .. ~ .... .,., ____ l 
l <'; ,,, . . • .,, .••• .,,, l 

. i ~ ·~ ~.i~:.... ·i~!ii) i 
' L< ____ _.1 

I --·------
10. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surf ace of said magnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an arcuate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 

and fixed thereto, and an arcuate housing having formed 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective ?Penings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to the outer peripheral surface of 

said magnet-yoke assembly, both ends of said arcuate 

shaft being supported by said assembly-supporting member, 

said assembly-supporting member being fixed to said base 

for supporting said magnet-yoke assembly so as to be 

independent of said base and infinitesimally rotatable 

via said dashpot mechanism. 

11. A rotary information recording/reproducing 

apparatus according to Claim 5, wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surf ace of said magnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an ~rcuate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 
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and fixed thereto , and an arcua te housing ha \Trng ·-"'forme(f ·· · --· ···-·· ·· 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective openings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to said assembly-supporting member, 

both ends of said arcuate shaft being supported by said 

magnet-yoke assembly, said assembly-supporting member 

being fixed to said base for supporting said magnet-yoke 

assembly so as to be independent of said base and inf ini­

tesimally rotatable via said dashpot mechanism. 

12. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 11, wherein 

the yoke of said magnet-yoke assembly includes an outer 

peripheral portion and an inner portion lying inwardly of 

said outer peripheral portion, a radial thickness of said 

outer peripheral portion being greater than an axial 

thickness of said inner portion. 

13. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 12, wherein 

the yoke of said magnet-yoke assembly has a generally 

semicircular shape provided with a central opening for 

said carriage and with a cutout formed in continuity with 

said opening and having diverging edges extending 

substantially parallel to an outer peripheral edge of 

said disk, a central angle formed between the diverging 

edges of said cutout being smaller than 180 degrees. 

14. A rotary information recording/reproducing 
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apparatus according to any one of Claims 7 to 13, wherein 

at least one sheet spring is mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and said 

assembly-supporting member, said sheet spring being fixed 

to said magnet-yoke assembly and said assembly-supporting 

member such that said sheet spring extends substantially 

perpendicularly to said base and the center of said 

carriage pivot shaft is positioned in a plane including 

said sheet spring, whereby said magnet-yoke assembly is 

returned to its neutral position after infinitesimal 

rotation. 

15. A rotary information recording/reproducing 

apparatus according to any one of Claims 5 to 14, wherein 

the yoke and the permanent magnet of said magnet-yoke 

assembly are so structured as to be detachable from said 

apparatus in a condition that said yoke and said perma-

nent magnet are assembled into an integral unit. 

16. A rotary information recording/reproducing 

apparatus constructed and arranged substantially as 

hereinbefore described, with reference to the accompanying 

drawings. 
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ABSTRACT 

ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS 

A.rotary information recording/reproducing apparatus has 

a carriage rotatable by the first and second driving coils about 

a pivot shaft for head positioning. The configuration of the 

driving coils and the carriage guide arm reduces the apparatus 

size and vibration. A magnet-yoke assembly is mounted to a base 

by sheet springs and reaction-force damping members interposed 

therebetween so that the magnet-yoke assembly is independent from 

and infinitesimally rotatable relative to the base. High-speed 

and highly-accurate head positioning is achieved by employing two 

driving coils and a reaction-force damping mechanism which 

attenuate excitation of the carriage pivot system and disk 

spindle. 

FIGURE 1. 
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ROTAlfY INFORMATION RECORDING/REPRODUCING APPARATUS 

The present invention relates to a rotary 

information recording/reproducing apparatus for turning 

and positioning a head to a predetermined point on an 

information recording disk and, more particularly, to a 

rotary informa~ion recording/reproducing apparatus which 

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

speed and with high accuracy. 

A prior art magnetic disk apparatus will be 

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

example. Information recording disks arranged one above 

another are driven to rotate at a constant speed by a 

disk rotating motor fixed to a base. Heads are supported 

by carriage guide arms through .head suspensions in such a 

manner that each head is floated with a small gap held 

relative to an associated disk for recording/reproducing 

information. High-speed and highly accurate positioning 

of the head is performed by rotatively driving the 

carriage with a voice coil motor. The carriage is 

mounted and supported through ball bearings on and by a 

~ivot shaft fixed to the base such that the carriage can 

rotate about the pivot shaft. The voice coil motor 

comprises a voice coil, permanent magnets and a yoke. Of 
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these components, the voice coil is l 
____ _JI 

attached t the I 
carriage, whereas the permanent magnets and the yoke 

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

fixed to the base. Since the voice coil surrounded by 

the magnet-yoke assembly in sandwiched relation is under 

the action of a magnetic field, the carriage is 

rotatively driven when the voice coil is supplied with 

electric power. 

However, when a driving force is generated in 

the voice coil with the supply of electric power to the 

voice coil, a resultant reaction force acts on the 

magnet-yoke assembly of the voice coil motor to vibrate 

-the base, thereby causing vibration excitation of the 

disk. Also, with the generation of the driving force in 

the voice coil, translational excitation force acts on 

the carriage pivot shaft at the same time, thereby 

vibrating a carriage supporting system. A resultant 

vibration force acts on the disk driving motor to vibrate 

it, and hence the disk is further vibrated. 

In view of the above problems, the prior art 

disclosed in Japanese Unexamination Patent Publication 

No. 1-222647 and U.S. Patent No. 4,620,252, for example, 

has been proposed. The prior art apparatus includes two 

flat type driving coils attached to a carriage on 

opposite sides of the carriage pivot shaft axis. Two 

sets of magnet-yoke assembly are arranged in non-contact 

relation to the driving coils for rotating the carriage 

by a couple. This arrangement is intended to prevent the 
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translational excitation force from acting on t--.......... ----~~~~~-1 

carriage pivot shaft and to reduce vibration of a 

structural member caused by the carriage motion. 

According to the prior art disclosed in the 

above-cited .Japanese Unexamination Patent Publication No. 

1-222647 and U.S. Patent No. 4,620,252, however, an 

information recording disk having a sufficiently large 

outer diameter cannot be accommodated in a housing of the 

apparatus, making it difficult to provide the apparatus 

with a large capacity. Specifically, because the two 

driving coils are attached to the carriage in opposite 

relation with respect to the axis of the carriage pivot 

shaft and the magnet-yoke assemblies are arranged around 

the driving coils, the axis-to-axis distance between the 

carriage pivot shaft and a disk rotating shaft or spindle 

must be set to be greater than required in other conven­

tional apparatus using one driving coil, in order to 

avoid interference between the carriage and the disk. If 

a disk·having a conventional large outer diameter is 

installed in the apparatus housing, the size of the appa-

ratus must be· increased in the longitudinal direction 

thereof. 

Further, in order to satisfy form factor dimen­

sions such as 1.3, 1.8, 2.5, 3.5 or 5.25 inches which are 

standardized for small-sized magnetic disk apparatus, the 

disk size must be reduced to such an extent as not 

departing from the apparatus dimension in the longi­

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

axis distance as discussed above enlarges the size of a 

carriage guide arm, resulting in the increased inertial 

moment of rotating members. This requires a longer access 

time and, if the output of a carriage driving motor is 

increased as measures for avoiding such a drawback, the 

apparatus size would be necessarily enlarged. Thus, it has 

been difficult to realise a mechanism which can maintain the 

apparatus within the standardised form factor dimension, to 

suppress vibration imparted to a disk via a base or carriage 

to the extent possible, and to position the head at a high 

speed and with high accuracy. 

According to a first aspect of the present invention 

there is provided a rotary information recording/reproducing 

apparatus including: 

at least one disk for recording information; 

a carriage supporting a head to record/reproduce 

information on or from said disk and being rotatable in a 

substantially radial direction of said disk to position said 

he.ad relative to said disk; 

a carriage actuator for applying torque to said 

carriage; and 

a housing comprising a base and a cover to support and 

accommodate said disk, said ·head, said carriage and said 

carriage actuator; 

said carriage actuator including first and second flat 

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

means for supporting said magnet-yoke assembly; 

said magnet-yoke assembly supporting means being 

mounted on a surface of said base outwardly of an outer 

peripheral surface of said magnet-yoke assembly, said 

supporting means being arranged to be within a distance 

between said one surf ace of said base and an end face of said 

magnet-yoke assembly spaced from said one base surface; 

said carriage being disposed ~uch that a center line of 

said carriage extending at a center of a height of said 

carriage and in parallel with said disk is positioned within 

a height of said magnet-yoke assembly. 

Because the two driving coils are flat in shape and the 

magnet-yoke assembly supporting means is mounted outwardly of 

the outer peripheral surface of the magnet-yoke assembly and 

is arranged to fall within the height from the base surface 

to the upper end face of the magnet-yoke assembly, the 

thickness of the apparatus can advantageously be reduced. 

The present invention may realise a reduction in both 

apparatus size and thickness and, hence, to provide a rotary 

information r~cording/reproducing apparatus which is within 

the standardised form factor dimension. 
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The present invention may provide a high-pe~r~f~o-rma~~n-c-e~~-.. ---' 

rotary information recording/reproducing apparatus equipped 

with a low-vibration head 
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h · ·n which an information recording positioning mec anism i 

disk is prevented from vibrating due to a reaction force 

h d · · of • carriage, and a translational generated wit riving ~ 

excitation force acting on a carriage pivot shaft upon 

generation of a carriage torque is reduced to the extent 

possible. 
In a preferred embodiment of the present 

invention, said magnet-yoke assembly supporting means 

includes at least three sheet springs, two assembly-

supporting members and reaction-force damping members, 

said sheet springs being mounted radiating out from said 

carriage pivot shaft between the outer peripheral surface 

of said magnet-yoke assembly and said assembly-supporting 

members such that each of said sheet springs extends 

perpendicularly to said base and the center of said 

carriage pivot shaft is positioned in a plane including 

the sheet spring, said assembly-supporting members being 

mounted to said base to support said magnet-yoke assembly 

so as to be independent of said base and infinitesimally 

rotatable, said reaction-force _damping members being 

plate-shaped members each mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and an 

inner peripheral surf ace of one of said assembly­

supporting members. 
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Alternatively, the sheet springs may be 

replaced with ball bearings or sliding bearings. The 

magnet-yoke assembly supporting means may comprise a 

dashpot mechanism provided on the outer peripheral 

surface of the magnet-yoke assembly and a assembly­

supporting member for supporting the dashpot mechanism. 

Preferably, the yoke of the magnet-yoke 

assembly may include ~n outer peripheral portion and an 

inner portion lying inwardly of the outer peripheral 

portion; a radial thickness of the outer peripheral 

portion being greater than an axial thickness of the 

inner portion. Also preferably, the yoke of said magnet­

yoke assembly has a generally semicircular shape provided 

with central opening for said carriage and with a cutout 

formed in continuity with said opening and having diverg­

ing edges extending substantially parallel to an outer 

peripheral edge of said disk, a central angle formed 

between the diverging edges of said cutout being smaller 

than 180 degrees. 

Further preferably, at least one sheet spring 

is mounted between the outer peripheral surf ace of said 

magnet-yoke assembly and said assembly-supporting member, 

said sheet spring being fixed to said magnet-yoke 

assembly and said assembly-supporting member such that 

said sheet spring extends .substantially perpendicularly 

to said base and the center of said carriage pivot shaft 

is positioned in a plane including said sheet spring, 

whereby said magnet-yoke assembly is returned to its 

_ ___, 
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neutral position after infinitesimal rotation. 

In the preferred embodiments, the 

magnet-yoke assembly is suspended and the driving coils 

are mounted at a position just outwardly of a region 

where magnetic flux leaking from the magnet-yoke assembly 

affects the disk, the axis-to-axis distance between·the 

disk rotating shaft or spindle and the carriage pivot 

shaft can be reduced while magnetic recording on the disk 

is kept in a high-accurate state. Therefore, it is also 

possible to reduce the distance between the head and the 

center of the carriage pivot shaft, the distance between 

the center of the carriage pivot shaft and an end face of 

the apparatus, and further the apparatus size. In addi-

tion, since carriage guide arms can be shortened, the 

inertial moment of the carriage is eventually reduced, 

resulting in a highe~-speed positioning of the head. 

In addition, because 

the angle formed ·between a line connecting the center of 

the first driving coil and the center of the carriage 

pivot shaft and another line connecting the head and the 

center of the pivot shaft is not larger than 90 degrees, 

and the angle formed between the center lines of the 

first and second driving coils about the center of 

carriage pivot shaft is in.the range of from 100 degrees 

to 150 degrees, the magnet-yoke assembly surrounding the 

two driving coils in sandwiched relation can be prevented 

from interfering with the disk. Also, since the axis-to­

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

inertial moment of the carriage can be reduced corre­

spondingly. Further, since the two driving coils are 

mounted around the carriage pivot shaft in angularly 

spaced relation in the circumferential dir~ction of the 

shaft axis, the carriage can be rotatively driven by a 

force· substantially close to a couple so that a trans­

lational excitation force acting on the carriage pivot 

shaft is reduced during the operation. It is to be noted 

that, when the two driving coils are so mounted as to be 

spaced 120 degrees, the translational excitation force 

acting on the carriage pivot shaft can be reduced to a 

half that produced in the prior art apparatus, and when 

spaced 150 degrees, it can be reduced to a quarter. This 

enables the apparatus size to be reduced within any of 

the standardized form factor dimensions and is also 

advanta9eous in respect of high-speed positioning of the 

head. Additionally, components of the carriage actuator 

are assembled into an integral unit. The magnet-yoke 

assembly can be attached to and detached from the 

apparatus as one unit, resulting in an improvement in 

assembling efficiency. 
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·-- I --the magnet::-------.-_j In the preferred embodimentS,since 

yoke assembly supporting means includes sheet springs, 

assembly-supporting members and ·reaction-force damping 

members, the magnet-yoke assembly is suspended by the 

supporting means so as to be independent of the base and 

infinitesimally rotatable and is also supported through a 

damping structure comprising the reaction-force damping 

members. Therefore, the structural vibration of the 

base, due to a reaction-force which is generated in the 

opposite direction to the driving force can be reduced. 

As a result, the relative displacement of the head and 

disk due to structural vibration can be prevented, 

thereby achieving a high-speed and highly-accurate head 

positioning. A similar advantage can also be obtained by 

using.ball bearings or sliding bearings instead of the 

sheet springs, or by empl~ying a combination of dashpot 

mechanism and assembly-supporting member to construct the 

magnet~yoke assembly supporting means. 

Further, when the yoke of the magnet-yoke 

assembly is constructed such that the radial thickness of 

its outer peripheral portion is greater than the axial 

thickness of its inner portion, a structure is realized 

in which the inertial moment of the magnet-yoke assembly 

subjected to the reaction force is much greater than the 

inertial moment of the rotating members. As a result, 

the effect of canceling the. reaction force imparted to 
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the base is enhanced so that the head and the 

more positively prevented from being shifted in by vibra­

tion of the structural member, thereby achieving a high­

speed and highly-accurate head positioning. Also, when 

the magnet-yoke assembly is provided with a semicircular 

opening in its central portion and with a cutout defined 

by rectilinear edges extending from the center to the 

outer periphery thereof with a central angle between the 

edges being not larger than 180 degrees, the entire 

magnet-yoke assembly can be attached to and detached from 

the apparatus even in a condition that the carriage and 

the disk are kept assembled on the apparatus, with a 

resultant improvement in the assembling efficiency. · 

Additionally, when the outer peripheral portion 

of the magnet-yoke assembly and the assembly-supporting 

member is coupled to each other by at least one sheet 

spring, a mechanism for returning the magnet-yoke 

assembly to its neutral position after infinitesimal 

rotation can be provided to prevent the magnet-yoke 

assembly and the driving coils from being offset from 

their initial positions, so as to generate stable driving 

force at all times, thereby achieving a high-speed and 

highly-accurate head positioning. 

The above and other 

advantages of the present ·invention will be more apparent 

from the following description made merely by way of example 

with reference to the accompanying drawings. 
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Figure 1 is a schematic illustration of an 

entire structure of the first embodiment of a rotary 

information recording/reproducing apparatus according to 

the present invention; 

Figure 2 is a graph showing the relationship 

between a twin-coil separation angle and a translational 

excitation force acting on a carriage pivot shaft, and 

the range in which the standardized form factor dimension 

is satisfied; 

Figure 3 is an.exploded view showing various 

components of the embodiment shown in Fig. 1 and the 

mutual positional relationship between these components 

in an assembled state; 

Figure 4 is a sectional view of a carriage 

actuator taken along line IV - IV in Fig. l; 

Figure S is a timing chart showing an advantage 

of the present invention; 

Figure 6 is a schematic illustration similar to 

Fig. 1, but showing the second embodiment of the present 

invention; 

Figure 7 is an exploded view showing various 

components of the embodiment shown in Fig. 6 and the 

mutual positional relationship between these components 

in an assembled state; 

Figure 8 is a schematic illustration similar to 

each of Figs. 1 and 6, but showing the third embodiment 

of the present invention; 

I 
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Figure 9 is a sectional view taken along line 

IX - IX in Fig. 8; 

Figure 10 is a perspective view of a reaction­

force damping member for use in the embodiment shown in 

Fig. 8; 

Figure 11 is.a perspective view of a modifica­

tion of the reaction-force damping member shown in Fig. 

10; 

Figure 12 is a sectional view of a modification 

of the embodiment shown in Fig. 9; 

Figure 13 is a schematic illustration of an 

entire structure of the fourth embodiment of the present 

. invention; and 

Figure 14 is an exploded view showing various 

components of a dashpot mechanism for use in the embodi­

ment shown in Fig. 13 and the mutual positional relation­

ship between these components in an assembled state. 

Referring to Fig. ~' a plurality of information 

recording disks 13 arranged one above another in a direc­

tion normal to the drawing sheet of Fig. 1 are rotatively 

driven by a disk rotating motor 14 fixed to a base 12. A 

head 1 used to record/reproduce information is secured to 

a carriage 3 through a head suspension 2. Two ball bear­

ings 11 are mounted o~ a pivot shaft 4 which is fixed to 

the base.12. The carriage 3 is rotatable about the axis 

of the pivot shaft 4. The carriage 3 is fixed to outer 
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races of the ball bearings so as to be rotatable about 

the carriage pivot shaft 4. A voice coil motor 

constituted by a magnet-yoke assembly, comprising yokes 

and permanent magnets, and driving coils rotates the 

carriage 3 fpr positioning the head to a predetermined 

point on an associated disk 13 to thereby record or 

reproduce information. 

In this first embodiment, the carriage 3 is 

provided with two driving coils SA, SB, and yokes 6A, 6B 

(Fig. 3), permanent ma_gnets 7A, 7B, 7C, 7D, etc. are 

mounted so as to sandwich the driving coils in the 

direction normal to the drawing sheet. 

In a prior art apparatus, the carriage 3 is 

provided with only one driving coil. This driving coil 

is mounted such that the center of the driving coil is 

positioned on an extension of the line connecting the 

head 1 and the carriage pivot shaft 4. To describe the 

arrangement with reference to Fig. 1, such a single 

driving coil is mounted at a point which is slightly 

angularly shifted from the second driving coil SB toward 

the fir~t driving coil SA. In this arrangement, when 

electric power is supplied to the driving coil under the 

action of a magnetic field, a driving force is generated 

in the driving coil to push an end of the carriage so 

that a torque is exerted to rotate the carriage about the 

pivot shaft. As a result, the head can be moved to a 

predetermined position on the information recording disk. 

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

pivot shaft, a carriage support system is excited to 

cause vibration which impedes head positioning. 

The above drawback can be avoided by arranging 

two driving coils (twin coils) in opposite relation with 

respect to the carriage pivot shaft such that a twin-coil 

separation angle e, shown in Fig. 1, is se~ to be 180 

degrees. With such an arrangement, only a torque is 

exerted on the carriage and hence no translational 

excitation force is generated to act on the carriage 

pivot shaft. However, because magnet-yoke assembly which 

surround the driving· coils would interfere with a disk, 

the axis-to-axis distance L1 between the disk rotating 

shaft or spindle and the carriage pivot shaft must be set 

to be greater than in the conventional apparatus using 

one driving coil. Although the distance L2 between the 

center of the carriage pivot shaft and the end face of 

the apparatus is reduced to some extent, the distance L1 

is increased and, eventually, the apparatus size L in the 

longitudinal direction cannot be reduced. Also, the 

greater distance L1 necessarily entails a longer distance 

between the head and the center of the carriage pivot 

shaft. As a result, the increased inertial moment of the 

carriage 3 gives rise to an obstacle against high-speed 

head positioning. 

In this embodiment, for achieving a further 

reduction in size of small-sized magnetic disk apparatus 

within the standardized form factor dimension and 
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suppressing a translational excitation force gene;ated·---·~~~---1 

during operation and acting on the carri'age pivot shaft, 

the angle ~ defined between a line connecting the head 1 

and the center of the carriage pivot shaft 4 and the 

center line of the first driving coil SA is set to be not 

larger than the right angle.(90 degrees), and the twin­

coil separation angle 0 is set to be about 120 degrees. 

Additionally, the magnet-yoke assembly comprising the 

yokes and the permanent magnets is connected to assembly­

supporting members 9A, 9B by assembly-supporting sheet 

springs SA, SB, SC, SD, etc., and reaction-force damping 

members lOA, lOB are mounted between the yokes and the 

assembly-supporting members. 

An advantage of the above-described structure 

will be described below with reference to Fig. 2. In the 

graph of Fig. 2, the abscissa represents the twin-coil 

separation angle a, and the ordinate represents the 

translational excitation force acting on the carriage 

pivot shaft with one produced in the prior art apparatus 

taken as a reference. In the prior art apparatus, a . 

single driving coil has two surfaces each being under the 

action of a magnetic field to generate a driving force, 

and the angle a (see Fig. 1) defined between the lengths 

of .the two surfaces is about 45 degrees. Assuming that 

the translational excitation force acting on the carriage 

pivot shaft during the operation of the prior art 

apparatus is 1.0, as the twin-coil separation angle a 

increases, the translational excitation force acting on 
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the carriage pivot shaft is reduced and 

of 180 degrees, i.e., when the carriage is driven by the 

ideal couple. 

In the range of the angle 0 denoted by A in 

7ig. 2, however, the apparatus size exceeds the stand­

ardized form factor.dimension for the above-described 

reason that the distance L2 is increased. The voice coil 

motor can be constructed without increasing the axis-to-

axis distance L1 between the spindle and the carriage 

pivot shaft in the range denoted by B, but if the range B 

is exceeded by the angle e, the axis-to-axis distance L1 

must be increased because of interference between the 

disk and the carriage. As a result, a carriage guide arm 

must be made longer, which increases the inertial moment 

of the carriage and hence impedes high-speed head 

positioning. In the range denoted by C, the axis-to-axis 

distance L1 is not required to be increased, but the voice 

coil motor and the disk are so close to each other, so 

that the magnetic flux leaking from the magnet-yoke 

assembly affects the disk. Further, in the range denoted 

by D, the magnet-yoke assembly which has been assembled 

into a unit can be mounted after the carriage is 

installed. Thus, the assembling ~fficiency is improved 

if the apparatus is constructed with the angle e set to 

be within the range o. However, the translational 

excitation force acting on the carriage pivot shaft would 

be increased unless the twin-coil separation angle e is 

set to be as large as possible. 
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Taking into account the conditions dlsscc~u~s~s~e~dt---~~-~ 

above, the range denoted by E is an advantageous range 

for practical use. In other words, the twin-coil separa-

tion angle e may preferably be in the range from 100 to 

150 degrees. The translational excitation force acting 

on the carriage pivot shaft is reduced to a half of that 

generated in the prior art apparatus at the angle e of 

120 degrees, and to a quarter at e of 150 degrees. 

Considering the twin-coil separation angle 6 from the 

viewpoint of a geometrical positionai relationship 

between components of the apparatus, if the angular range 

in which the carriage 3 shown in Fig. 1 can be rotated 

radially of the disk is defined as angle y, the ratio of 

8/y is in the range of from 4.5 to 6.8 since y is about 

22 degrees. Also, since the angle ~ formed between the 

line connecting the head 1 and the center of the carriage 

pivot shaft 4 and the center line of the first driving 

coil SA is in the range of from 70 to 80 degrees, the 

ratio of ~/y is in the range of from 3.1 to 3.6 with the 

above value of the angle y taken as a reference. 

The magnet-yoke assembly of the present inven­

tion will be described with reference to Fig. 3. Figure 

3 is an exploded view of the components of the apparatus 

of the invention shown in Fig. 1, showing that the 

components are assembled following associated arrows. 

The magnet-yoke assembly is constructed by adhesively 

fixing two pairs of permanent magnets 7A, 7B and 7C, 70 

to the yoke 6A, each pair of adjacent magnets having 
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different polarities, adhesively fixing two . I ~ pa.u:1ss-ao-r:1:---

permanent magnets 7E, 7F and 7G, 7H to the yoke 6B, each 

pair of adjacent magnets also having different polari­

ties, and then fixing the yokes 6A, 6B together by means 

of an adhesive or screws into an integral unit. The 

positions of the permanent magnets 7A to 7H on the yokes 

6A and 6B are determined solely depending on the posi­

tions of the driving coils SA, SB. Since the yokes 6A, 

6B each have a semicircular cutout or notch in its 

central portion, the ass~mbled unit can easily be 

detached from and attached to the apparatus by removing a 

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

~nformation recording disks 13 are installed in the 

apparatus housing. Incidentally, the central angle 

formed between rectilinear edges of each of the yokes 6A, 

6B extending from the inner to outer periphery is set to 

be smaller than 180 degrees so that the volumes of the 

yokes are as large as possible to improve the character­

istics- of the magnetic circuit. 

The structure of the magnet-yoke assembly of 

this embodiment will be described below in more detail 

with reference to Fig. 4. As shown in Fig. 4, the two 

pairs of permanent magnets 7A, 7B and 7C, 7D are arranged 

such that each adjacent pair of magnets have different 

polarities and are adhesively fixed to the yoke 6A, 

whereas other two pairs of permanent magnets 7E, 7F and 

7G, 7H are arranged such that each adjacent pair of 

magnets have different polarities and are adhesively 
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fixed to the yoke 6B, as has previously been 

A magnetic field G acts upwardly on the right-hand 

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

SA while the magnetic field G acts downwardly on the 

left-hand windings thereof. A magnetic field acts·on 

windings of the second driving coil SB in similar direc­

tions. Under this condition, when a current is supplied 

to the driving coils SA, SB in a direction perpendicular 

to the drawing sheet of Fig. 4, force F is generated in 

directions indicated by arrows. When a current is 

supplied in the opposite direction, a force is generated 

in a reversed direction. These thrusts drive the 

carriage to rotate. 

A description will now be made of a magnet-yoke 

assembly supporting mechanism for suppressing vibration 

imparted to a structural member of the apparatus due to a 

reaction force which is generated upon driving of the 

carriage. The magnet-yoke assembly in its entirety is 

supported independently of the base 12, as shown in Fig. 

1·, by four sheet springs BA to 80 arranged radially with 

respect to the axis of the carriage pivot shaft 4 and the 

reaction-force damping members lOA, lOB. Slits are 

formed in the yoke 6A and the assembly-supporting members 

9A, 9B. The sheet springs SA to SD are each fitted at 

both ends into the corresponding slits and are adhesively 

fixed to the holding members 9A, 9B such that each sheet 

spring extend perpendicularly to the base 12 and the axis 

of the carriage pivot shaft 4 is positioned in a plane 
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including the sheet springs. 

entire magnet-yoke assembly to 

This arrangement ~ll:_«?_!~--the ------...1 
rotate infinitesimally 

about the carriage pivot shaft 4. The yoke 6A is held 

independently of the base 12, but the assembly-supporting 

members 9A, SB are fixed to the base 12 by means of an 

adhesive or screws or may alternatively be fabricated as 

integral projections on the base 12. The.yoke 6A and the 

assembly-supporting members 9A, 9B are bonded to each 

other with plate-shaped reaction-force damping members 

lOA, lOB interposed respectively therebetween. The 

damping members lOA, lOB are preferably made of silicon­

based gel or rubber materials. 

With the construction described above, when the 

head is driven, for example, in the direction indicated 

by an ·arrow a in Fig. 1, the magnet-yoke assembly 

supported by the sheet springs SA to SD and the reaction­

f orce damping members lOA, lOB is rotated infinitesimally 

about the carriage pivot shaft. 4 in the direction indi­

cated by an arrow b due to_the reaction force caused by 

carriage actuation. The infinitesimal rotation of the 

magnet-yoke assembly causes shearing forces to act on the 

reaction-force damping members lOA, iOB thereby absorbing 

the vibration energy produced with the infinitesimal 

rotation. As a result, the structural vibration due to 

the reaction force caused_ by carriage actuati~n can be 

suppressed and hence vibra~ion tending to impede head 

positioning can be reduced. Ideally, if the inertial 

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

shaft is much greater than the inertial ·moment of all the 

rotating members, including the carriage 3 on which the 

head l is mounted, about the carriage pivot shaft, the 

vibration imparted to the structural member due to the 

reaction force can be prevented. In this embodiment, 

therefore, the yoke 6A is shaped to have a radial thick­

ness t 2 in its outer peripheral portion greater than an 

axial thickness t 1 in its central portion, as shown in 

Fig. 3, so that a larger part of the mass of the yoke 6A 

is concentrated to the outer peripheral portion to 

increase the total inertial moment of the magnet-yoke 

assembly. 

Additionally, to satisfy the standardized form 

factor dimension, the assembly-supporting structure is 

mounted in an empty space along an outer periphery of the 

magnet-yoke assembly. Furthermore, to reduce the thick­

ness of the supporting structure, the height of the 

supporting structure is set to fall within the distance h 

(see Fig. 9) between the upper end face of the magnet­

yoke assembly (i.e., the upper surface of the yoke 6B) 

and the upper surface of the base 12. 

An advantage of the above-described construc­

tion will be described below with reference to Fig. s. 
Figure 5 is a timing chart with the abscissa representing 

time, in which (a) indicates a target angular velocity of 

the carriage and (b) indicates an acceleration of base 

vibration (in the carriage positioning direction) in the 
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prior art apparatus. As will be seen in Fig. 

occurs residual vibration caused by the structural vibra­

tion due to the reaction force even after the position-

ing, i.e., after the elapse of time t 2 • Also, (c) 

~ndicates an acceleration (in the carriage positioning 

direction) of base vibration in the inventive apparatus. 

Residual vibration is held small throughout the operation 

time, including a period after the positioning, due to 

the effect given by the non-reacting support structure of 

the magnet-yoke assembly. Further, (d) indicates an 

acceleration (in the radial direction) of carriage pivot 

shaft vibration in the prior art apparatus. Because the 

carriage rear end is driven by one driving coil in the 

prior art apparatus, a translational excitation force is 

generated on the carriage pivot shaft and lasts to 

generate vibration even after the positioning. Finally, 

{e) indicates an acceleration of carriage pivot shaft 

vibration (in the radial direction) in the inventive 

apparatus. With the structure that the carriage is 

driven by the two driving coils, vibration is held small 

not only during the positioning but also after the 

positioning. 

The second embodiment of the present invention 

will be described below with reference to Figs. 6 and 7. 

In Figs. 6 and 7, the same reference numerals as those in 

Figs. 1 to 3 denote the same or identical components as 

or to those in the first embodiment. Between two pairs 

of V-shaped grooves 21 formed in an outer peripheral 
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surf a~ surf ace of the yoke 6A and inner peripheral 

assembly-supporting members 9C, 9D, four ball bearings 22 

comprising balls 17A to 17H and races 16A to 160 are 

mounted to support the entire magnet-yoke assembly, 

including the yoke 6B, independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. Also, similarly 

to the preceding embodiment, the reaction-force damping 

members lOA, lOB are moWited respectively between the 

outer peripheral surface of the yoke or the magnet-yoke 

assembly and the inner peripheral surfaces of the 

assembly-supporting members 9C, 90. As will be seen from 

Fig. 6, the ball bearings 22A to 220 and the reaction-

force damping members lOA, lOB are arranged in the 

~ircumf erential direction of the yoke 6A. 

The mutual positional relationship between the 

components will be apparent from Fig. 7. In this embodi­

ment, a single sheet spring SE is provided at a position 

corresponding to the position of the sheet spring SC in 

the embodiment shown in Fig. 1. The sheet spring SE 

extends perpendicularly.to the base 12 and is arranged 

radially of the axis of ·the carriage pivot shaft 4. 

After the entire magnet-yoke assembly has been rotated 

infinitesimally due to the reaction force caused by 

carriage driving, the sheet spring BE functions to return 

the entire magnet-yoke assembly to its neutral pos.i tion. 

With the addition of such a return mechanism, initial 

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

force at all times, thereby ensuring precise positioning 

of the head 1. 

The third embodiment of the present invention 

will be described below with reference to Figs. 8 to 12. 

In Fig. 8, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. The 

entire magnet-yoke assembly including the yoke 6B is 

supported independently of the base 12 by a magnet-yoke 

assembly supporting mechanism comprising sliding bearings 

23A, 23B. Figure 9 shows a structure of one sliding 

bearing 23A. A groove 6A-1 is formed in the outer 

_peripheral surface of the yoke 6A, and a projection 9F is 

provided on an inner peripheral surf ace of a assembly-

supporting member 9E and slidably engaged in the groove 

6A-l. ·with such an arrangement, the entire magnet-yoke 

assembly is supported independently of the base 12 so 

that the magnet-yoke assembly is infinitesimally rotat­

able about the carriage pivot shaft 4. The .assembly-

.supporting member 9E is formed of, e.g., Teflon or any 

other suitable material. The other assembly-supporting 

member 9G is provided with a similar projection (not 

shown) which is engaged in a groove 6A-2 formed in the 

yoke 6A to thereby constitute the sliding bearing 23B. 

Reaction-force damping members lOA, lOB are 

mounted respectively between the magnet-yoke assembly and 

the assembly-supporting members 9F, 9G. Each of the 

reaction-force damping members may comprise two pieces 
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mounted one on the upper or lower side of the proje;.tr~o-n---~-__j 
9F on the assembly-supporting member, as shown in Fig. 

10, or may be of a single rectangular piece having a slit 

lOC which slidably receives the projection 9F, as shown 

in Fig. 11 •. While the grooves of the sliding bearings 

are formed in the yoke 6A in this embodiment, the 

embodiment may be modified such that a projection 6C is 

provided on the outer peripheral surf ace of the yoke 6A 

and a groove is formed in each of the assembly-supporting 

members 9E, 9G so that the two members slidably engage 

with each other. Further, this embodiment includes a 

mechanism for returning the carriage to its neutral posi-

.tion by the sheet spring SE after an infinitesimal rota­

tion, as in the second embodiment. 

The fourth embodiment of the present invention 

will be described below with reference to Figs. 13 to 14. 

In Fig. 13, the same reference numerals as those in Figs. 

1 to 3 denote the same or identical components. In this 

embodiment, the entire magnet-yoke assembly including the 

yoke 6B is supported by two dashpot mechanisms 20 which 

also provide a reaction-force damping effect. Further, 

this embodiment includes the mechanism for returning the 

carriage to its neutral position by the sheet spring SE 

after the infinitesimal rotation, as in the above embodi-

ments. 

As shown in Fig. 14, the dashpot mechanisms 20 

are each structured such that coaxially mounted on an 

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

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

assembly is accommodated in an arcuate housing 200 having 

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

pistons, and both ends of the arcuate housing 200 are 

covered by covers 20F. The arcuate housing 200 is fixed 

to the outer peripheral surface of the magnet-yoke 

assembly such tha_t both ends of the shaft 20A project 

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

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

base 12 through the assembly-supporting members 9C, 90, 

whereby the entire maqnet-yoke assembly is supported 

independently of the base 12 so that the magnet-yoke 

assembly is infinitesimally_rotatable about the carriage 

pivot shaft 4. When the magnet-yoke assembly vibrates 

infinitesimally_in_ response to the reaction force caused 

by carriage actuationduring the operation, air in the 

arcuate housing 200 is forced to flow through the piston 

holes 20C, thereby providing a reaction-force damping 

effect. A similar advantage can_ also be obtained by fix­

ing the arcuate housing 20D to each of the assembly­

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

arcuate shaft 20A to the outer peripheral surface of the 

magnet-yoke assembly conversely to the above structure. 

According to several embodiments described 

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

ing coiis, the angle ~ formed between the center line of 

the first driving coil and the carriage guide arm is set 
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to be not larger than 90 degrees, the angle e 
between the respective center lines of the first and 

second driving coils is set to about 120 degrees, the 

magnet-yoke assembly comprises two yokes sandwiching both 

sides of the driving coils and permanent magnets, and 

further the assembly-suppor~ing mechanism is mounted 

outwardly of the outer peripheral surface of the magnet­

yoke assembly and also arranged within the height from 

the base surf ace to the upper end face of the magnet-yoke 

assembly. Therefore, the apparatus can be so reduced in 

size and thickness that the apparatus falls within the 

form factor dimensions standardized for small-sized 

magnetic disk apparatus. Consequently, the present 

invention can realize a positioning mechanism which 

satisfies any of the standardized form factor dimensions 

for small-sized magnetic disk apparatus, such as 1.3", 

1.8", ~.5", 3.5" and 5.25", and is less liable to be 

subjected to vibration. 

Also, since the carriage is rotationally_ actuated 

by forces close to a couple, a translational excitation 

force acting on the carriage pivot shaft can be reduced. 

Further, of the components of the carriage driving voice 

coil motor, the magnet-yoke assembly comprising the yokes 

and the permanent magnets is held by the magnet-yoke 

assembly supporting mechanism such that the magnet-yoke 

assembly is independent of the base and is infini­

tesimally rotatable and is mounted on the base through 

the reaction-force damping members. It is therefore 
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possible to reduce structural vibration of the base, due 

to a reaction-force which is generated in the opposite 

direction to the driving force. As a result of the above 

structure, the relative displacement of the head and disk 

due to structural vibration can be prevented to assure a 

high-speed and highly-accurate head positioning. 

Further, since the yoke of the magnet-yoke 

assembly is constructed to have a radial thickness in its 

outer peripheral portion greater than an axial thickness 

in its central portion, the inertial moment of the 

magnet-yoke assembly subjected to the reaction force can 

be much greater than the inertial moment of the rotating 

members. As a result, the effect of canceling the 

reaction force imparted to the base is enhanced so that 

the relative positions of the head and the disk can be 

more positively prevented from being changed by vibration 

of the structural member, enabling a high-speed and 

highly-accurate head positioning to be achieved. 

Since the magnet-yoke assembly is provided in 

its central portion with a semicircular cutout for avoid-

ing interference with the carriage and has a cutout 

defined by rectilinear edges extending from the center to 

the outer peripheral portion of the magnet-yoke assembly 

with a central angle smaller than 180 degrees defined 

between the edges and positioned to avoid interference 

with information recording disk, the entire magnet-yoke 

assembly can be detached from the apparatus even in a 

condition that the carriage and the information recordLng 
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disk are installed in the apparatus housing, with a 

resultant improved assembling efficiency. 

Additionally, since the magnet-yoke assembly 

capable of infinitesimally rotatable is provided with a 

mechanism for returning the ~arriage to its neutral 

position after the infinitesimal rota~ion, initial 

positions of the magnet-yoke assembly and the driving 

coils will not be offset to thereby generate stable 

driving force at all times and enables a high-speed and 

highly-accurate head positioning to be achieved .. 

In short, according to the present invention, 

by prescribing positions of two driving coils, the 

apparatus can be reduced in both size and thickness so 

that the apparatus falls within any of the form factor 

dimensions standardized for small-sized magnetic disk 

apparatus. Also, vibration of ~ carriage supporting 

system can be suppressed by actuating the carriage with the 

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

reaction force can be prevented by supporting the magnet­

yoke assembly in a reaction-force damping manner, making 

it possible to position a head at a high speed and with 

high accuracy. As a result, a high-speed and highly-

accurate rotary information recording/reproducing 

apparatus having a reduced size and thickness can be 

achieved. 
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1. A rotary information recording/reproducing 

apparatus including: 

at least one disk for recording information; 

a carriage supporting a head to record/reproduce 

information on or from said disk and being rotatable in a 

substantially radial direction of said disk to position said 

head relative to said disk; 

a carriage actuator for applying torque to said 

carriage; and 

a housing comprising a base and a cover to support and 

accommodate said disk, said head, said carriage and said 

carriage actuator; 

said carriage actuator including first and second flat 

driving coils fixed to said carriage, a magnet-yoke assembly 

which comprises permanent magnets and at least one yoke, and 

means fqr supporting said magnet-yoke assembly; 

said magnet-yoke assembly supporting means being 

mounted on a surface of said base outwardly of an outer 

periph~ral surface of said magnet-yoke assembly, said 

supporting means being arranged to be within a distance 

between said one surface of said base and an end face of said 

magnet-yoke assembly spaced· from said one base surface; 

said carriage being disposed such that a center line of 

said carriage extending at a center of a height of said 

111111111111111111111111111111 
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carriage and in parallel with said disk is 

a height of said magnet-yoke assembly. 

2. Apparatus as claimed in claim 1, wherein an angle 

formed between an imaginary line connecting the center of 

said first driving coil and the center of rotation of said 

carriage and another imaginary line connecting said head and 

the center of rotation of said carriage is not larger than 90 

degrees and an angle formed between the center lines of said 

first and second driving coils intersecting the center of 

rotation of said carriage is within the range of from 100 

degrees to 150 degrees. 

3. Apparatus as claimed in claim 2, wherein the angle 

formed between the centre lines of said first and second 

driving coils intersecting the centre of rotation of said 

carriage is approximately 120 degrees. 

4. Apparatus as claimed in claim 2 or claim 3, 

wherein the angle formed between the imaginary line 

connecting the centre of said first driving coil and the 

centre of rotation of said carriage and the imaginary line 

connecting said head and the centre (;)f rotation of said 

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

5. Apparatus as claimed in any one of the preceding 

claims, wherein said magnet-yoke assembly supporting means 

.-----· 
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includes at least three sheet springs, two assembly-

supporting members and reaction-force damping members, said 

sheet springs being mounted radiating out from the centre of 

rotation of said carriage between the outer peripheral 

surface of said magnet-yoke assembly and said assembly-

supporting members such that each of said sheet springs 

extends perpendicularly to said base and the centre of a 

carriage pivot shaft at the centre of rotation of said 

carriage is positioned in 

111111111111111111111111111111 
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a plane including the sheet spring, said 

I 

I 
l 

assembly~ 
. ___ J 

supporting members being fixed to said base to support 

said magnet-yoke assembly so as to be independent of said 

base and infinitesimally rotatable, and said reaction-force 

damping members being plate-shaped members each mounted 

between the outer peripheral· surf ace of said magnet-yoke 

assembly and an inner peripheral surface of one of said 

assembly-supporting members. 

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

wherein said magnet-yoke 

assembly supporting means includes a ball bearing, a 

assembly-supporting member, and a reaction-force damping 

member, said ball bearing comprising a plurality of balls 

and races mounted between V-shaped grooves formed respec­

tively in the outer peripheral surface of said magnet­

yoke assembly and an inner peripheral surf ace of said 

assembly-supporting member, said assembly-supporting 

member being fixed to said base to support said magnet­

yoke assembly· _so as to be independent of said base and 

infinitesimally rotatable, said reaction-force damping 

member being a plate-shaped member mounted between the 

outer peripheral surf ace of said magnet-yoke assembly and 

the inner peripheral surf ace of said assembly-supporting 

member. 

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

wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 

I 1111111 111111 11111 1111111 1111 
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member, said sliding bearing comprising 

in the outer peripheral surf ace of said magnet-yoke 

assembly and a projection formed on an inner peripheral 

surf ace of said assembly-supporting member and slidably 

engaged in said groove, said assembly-supporti~g member 

being fixed to said base to support said magnet-yoke 

assembly so as to be independent of said base and inf ini­

tesimally rotatable, said reac~ion-force damping member 

being a plate-shaped member mounted between the outer 

peripheral surf ace of said magnet-yoke assembly and the 

inner peripheral surf ace of said assembly-supporting 

member. 

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

wherein said magnet-yoke 

assembly supporting means includes a sliding bearing, a 

assembly-supporting member and a reaction-force damping 

member, said sliding bearing comprising a projection 

.formed on the outer peripheral surf ace of said magnet­

yoke assembly and a groove formed in an inner peripheral 

surface of said assembly-supporting member and slidably 

engage4 with said projection, said assembly-supporting 

member being fixed to said base for supporting said 

magnet-yoke assembly so as to be independent of said base 

and infinitesimally rotatable, said reaction-force damp­

ing member being a plate-shaped member mounted between 

· the outer peripheral surface of said magnet-yoke assembly 

and the inner peripheral surface of ·said assembly­

supporting member. 

\\II\"\ \\\I\\ Ill\\ \\\\I\\ \\l\ 
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9. Apparatus as claimed in any one of claims 1 to 4, 

wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surf ace of said rnagnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said. dashpot mechanism 

comprising an arcuate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 

and fixed thereto, and an arcuate housing having formed 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective openings formed in two covers 

·for covering both open ends of said cavity, said arcuate 

housing being fixed to the outer peripheral surface of 

said magnet-yoke assembly, both ends of said arcuate 

shaft being supported by said assembly-supporting member, 

said assembly-supporting member being fixed to said base 

for supporting said magnet-yoke assembly so as to be 

independent of said base and infinitesimally rotatable 

via said dashpot mechanism. 

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

wherein said magnet-yoke 

assembly supporting means includes a dashpot mechanism 

provided on the outer peripheral surf ace of said magnet­

yoke assembly and a assembly-supporting member for 

supporting said dashpot mechanism, said dashpot mechanism 

comprising an arcuate shaft, at least one piston having a 

plurality of through holes parallel to said arcuate shaft 

I lllllll llllll lllll lllll ll llll 
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and fixed thereto, and an arcuate 

therein a cavity to slidably receive said piston, both 

ends of said arcuate shaft projecting outwardly of said 

cavity through respective openings formed in two covers 

for covering both open ends of said cavity, said arcuate 

housing being fixed to said assembly-supporting member, 

bo~h ends of said arcuate shaft being supported by said 

magnet-yoke assembly, said assembly-supporting member 

being fixed to said base for supporting said magnet-yoke 

assembly so as to be independent of said base and inf ini­

tesimally rotatable via said dashpot mechanism. 

ll. Apparatus according to any one of the preceding claims, 

wherein the yoke of said magnet-yoke assembly includes an outer 

the yoke of said magnet-yoke assembly includes an outer 

peripheral portion and an inner portion lying inwardly of 

said outer peripheral portion, a radial thickness of said 

outer peripheral portion being greater than an axial 

thickness of said inner portion. 

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

the yoke of said magnet-yoke assembly has a generally 

semicircular shape provided with a central opening for 

said carriage arid with a cutout formed in continuity with 

said opening and having diverging edges extending 

substantially parallel to an outer peripheral edge of 

said disk, a central angle formed between the diverging 

edges of said cutout being smaller than 180 degrees. 

111111111111111111111111111111 
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13. Apparatus as claimed in claim 6, wherein at least one 

sheet spring is mounted between the outer peripheral surface 

of said magnet-yoke assembly and said assembly-supporting 

member, said sheet spring being fixed to said magnet-yoke 

assembly and said assembly-supporting member such that said 

sheet spring extend,1:1 substantially perpendicularly to said 
, . -

base and the centre of said carriage pivot shaft is 

positioned in a plane including said sheet spring, whereby 

said magnet-yoke assembly is returned to its .neutral position 

after infinitesimal rotation. 

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

wherein the yoke and the permanent magnet of said magnet-yoke 

assembly are so structured as to be detachable from said 

apparatus in a con4ition that said yoke and said permanent 
i 

magnet are assembled into an integral unit. 

15. A rotary information recording/reproducing 

apparatus constructed and arranged substantially as 

hereinbefore described, with reference to the accompanying 

drawings. 
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ABSTRACT 

ROTARY INFORMATION RECORDING/REPRODUCING APPARATUS 

A rotary information recording/reproducing apparatus has 

a carriage rotatable by the first and second driving coils about 

a pivot shaft for head positioning. The configuration of the 

driving coils and the carriage guide arm reduces the apparatus 

size and vibration. A magnet-yoke assembly is mounted to a base 

by sheet springs and reaction-force damping members interposed 

therebetween so that the magnet-yoke assembly is independent from 

and infinitesimally rotatable relative to the base. High-speed 

and highly-accurate head positioning is achieved by employing two 

driving coils and a reac_tion-force damping mechanism which 

attenuate excitation of the carriage pivot system and disk 

spindle. 

FIGURE 1. 
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