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1 . Substitute sheet - Decenber 199%. DIC DEVI CE The present inVention

relates to-a disc device which rotates a disc-like replaceable;Ig??rding

medi um at a high speed so as to carry out at |east reproductio dat a,
such as, a disc renovable 5 type disc device for CD ROm DVD, qfq K){/riolraﬁ'l e
HDD or the like, and in particular to aldisc device which is efféective at a
hi gh rotational speed. A conventional CD RCK device is conposed of a rotary
systemfor rotating a disc, and appsgkptiyegstem for reading data 10 from
the disc. On the disc, spiral or concentric recording pits are fornmed, onto
which laser is projected fromthe pick-up systemwhich is driven radially .-
of the di sCBACGKSROUNER LOFaFEE (RREGENT (IOWGNTIO® refl ection thereupon. The radi al
recording pitch of these.,recording.pits are ver ine, that is, 1.6
B’F%scﬁ"i 1%1 J

[err]m and hig cinvention ates to a dz.sé/ evice which rotates
' a disc-like replaceable recording medium at a high speed so as to
carry out at least reprcduction of data, such as, a disc removable

Y
type disc device for CD-ROM, DVD, MO, removable HDD or the like,

(%]

and in particular to a disc device which is effective at a high
" rotaticnal speed.
A conventional CD~-ROM device is composed of a spindle motor
system for rotating a disc, and a pick-up system for reading .data
10 from the disc. On the disc, spiral or concentric recording pits are
formed, onto which laser is projected from the pick-up system which
is driven radially of the disc, and data are read through the
reflection thereupon. The radial recording pitches of these
recording pits are very fine, that is, 1.6 um, and highly precise
15 positioning is required between the disc and the pick~up.
The following two problems are main factors which cause
hindrance to positioning accuracy.
(1) Vibration caused by the spindle drive system and the
pick-up drive system; and
20 (2’ External disturbance exerted from the outside.
The typical those of the problems stated in (1) are unbalance: '
vibraticn of a rotary system, electromagnetic vibration of a motor
or drive reaction of a pick-~up drive system. It is most important

to ensure a require& degree of positioning accuracy under the

o
O

presence of these factors when designing the device. In particular,
the unbalance vibration of the rotary system have been being
materialized since the speed of rotation of a disc has been rapidly

increased due to requirement of high speed data transfer.
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15 positioning is required between the disc and the pick-up. The follow ng
two problens are nain factors which cause hindrance to positionig accuracy.
Fotary (1) Vibration caused by the rotery system and the pick-up drive
system and 20 (2) External disturRance exerted fromthe outside.
The typical those of the problens stated in (1) are unbal ance vibration of
a rotary system electromagnetic vibration of a notor or drive reaction of

a pick-up drAccordimglywm astdiscloged innJepangse LeidrnencPatentdior i3HR6968e of
posi tioni ng .agcuracy under the . 25 resence of these factors when designing
t he devi ce. l?aﬁ'aﬂﬁ?*t'%‘iﬁe 1on H@%ﬁbﬁfﬁﬁc%&ﬁ%?ﬁmhe rotary system
have been bei ng L gl d : h I t4 | as been
ﬁﬁ%%&?ﬁeﬁﬁ&? ril:tb %?é:ﬁ%g% 2le hftg £ hs2br Ag e of

rapi dly increase ue to requirune spee ata transter.
' the disc device due to the materialization of mmlti-media which

5 concerns a large volume of data of image or motion picture. The
higher the rotational speed of a disc in a disc de{rice, the higher
the data transfer speed. Accordingly, these years, the rotational
speed of an optical disc has been being rapidly increased.

The most serious problem which should be overcame for

10 increasing the rotational speed of a disc, is an increase in
unbalance vibration. Different from a hard disc device, an optical
disc device for CD-ROM or the. like is essential in view of the
cou:patibiiity of a disc as a recording medium used therein. Since
the disc is mass-producible by pressing, the manufacturing accuracy

15 cannot be enhanced greatly, and accordingly, unevenness in
thickness and eccentricity between the outer periphery and the
inner periphery of a disc are large. Further, unbalance in weight
caused by printing letters and a pattern on the disc is not
negligible.

20 If a system having such a large unbalance is rotated,
unbalance vibration would occurs due to a cause such that the
center of gravity of the rotary system does not precisely align
with the rotating center thereof. The force causing unbalance
vibration is exhibited by the following formula (1):

25 F=mX ¢ X o (1)

Where¢ is a distance between the center of gravity and the
rotating center of the rotary system, m is a mass of a rotary body,
and @ is a rotational spéed (rotational frequency).

i s




2 Substitute sheet- 2 Decenber 1997 Accordingly, as disclosed in Japanese
Lai d- Open Patent No. H3-86968, bal ance correction using fluid has been
proposed. It has been desired to increase the data transfer speed of the
di sc device due to the materialization of mdlti-nedia which 5 concerns a
| arge capacity data of inmage or notion picture. The higher the rotational
speed of a disc in a disc device, the higher the data transfer speed.

Accordingly, these A%amdersﬁwdrm ifommmla fddd bhe umbadange Nibrakion B8i ng

rapi dly increased. The |ous h_s uId overcone, for 10
i ncreasi ng t hePTHOTEE @??gloi g(ﬂ(ysjfge E\A‘/{’]Ef%l rﬂﬂiﬁ‘ﬁ 3y

vibration. D f{eiheRimdd %‘&%@fﬂpﬂaff 4 thé Crotait iBRA1 (‘s%]eed increases. The
unbalance vibration not only vibrate the pick-up system so as to
5 hinder the read/write of signals and to cause noise, but also
vibrates the system itself to which the device is attached, thereby
remarkably lowering the reliability of Ehe system itself.
This is because of the higher speéd rotation of a disc due to
the higher speed data transfer. For example, in the case of an 8-X
10 CD-ROM drive, the rotational speed is 4,200 r.p.m, and accordingly,
the problem of unbalance vibration of a disc, as mentioned above,
has been being materialized. |
OBJECT AND SUMMARY OF THE INVENTION
One object of the present invention is to provide a highly
15 reliable disc device which incorporates in its drive system
camposed of a disc and a drive system, a mechanism for
automatically correcting unbalance of the rotary system so as to
restrain generation of vibration at a high rotational speed in.
order to carry out high speed data transfer.
20 In odor to achieve the above-mentioned object, a rotary
' system having a natural frequency wn and a rotational frequency o
is set so that own is lower than w, that is, on <w, and an
unbalance correcting mechanism including a mass system which can
smoothly rotate about a rotary shaft, is provided, thereby it is
25 possible to correct unbalance of a rotary body itself through self-
aligning action inherent to the rotary system during rotation.
Further, in addition to the above-mentioned unbalance
' correcting mechanism, an intermediate holding member which carries
thereon a rotary drive system and an optical head is supported to a
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di sc devide for CO-RCMor the like is essential in view of the
conpatibility of a disc as a recording nediumused therein. Since the disc
i S mass-produci bl e by pressing, the manufacturing accuracy 15 cannot be
enhanced greatly, and accordingly, unevennets in thickness and eccentricity
bet ween the outer periphery and the inner periphery of a disc are |arge.
Furt her, unbal ance in weight caused by printing letters and a pattern on
the disc i s noasimgglorgabirdt Méchanism base &hsgugte mesilient elewents ar ge

unbal ance is ro{aﬁed balanci vi brati on woul d occu s due t cause sqg

that the cent ¥ vP’t'%Pfo e Iht 1§ ypated; thay
with the rota @%&g ion is
exhi bi ted by H!le rn%?pggg%éf)%g Eﬁt@n@ﬁ:ﬂﬁ@ féﬁ#%err]
(1) Were E iﬁemmmaemmhwrsetheocwheghef t0afV B0 \HA Bt xver than 70

5 Hz, and a 1lift value of the transmission characteristic thereof is

set to be higher than 8 dB at a rescnance point. Thus, the above-

mentioned resilient elements are made of silicon group rubber or
fluorine group rubber, and the intermediate holding member is
supported by the resilient eiements at three or four points around
10 the outer periphery thereof.
Further, in the unbalance correcting system, a ring-like
groove around the rotary shaft as a center, is formed in a clamper
for fixing a disc, a disk holding part (turntable) for fixing a
disc, the rotor side surface of a motor or the interior of the
15 motor, and more than two spherical correcting bodies are inserted
. in this groove.
BRIEF DESCRIPTION OF THE DRAWINGS:
Fig. 1 is an outside view illustrating a disc device in an
embodiment of the present invention;
20 Fig. 2 is an outside view illustrating a unit mechanical part
shown in Fig. 1; |
Fig. 3 is a sectional view illustrating the disc device in
which an unbalance correcting mechanism is provided in a clamper;
Figs. 4a and 4b are detailed sectional views illustrating the
25 unbalance correcting mechanism;
Fig. 5 is a view illustrating unbalance correcting members
and a rolling grbove in an embodiment of the present invention;
Fig. 6a is a schematic view illustrating a disc and a motor

shaft in a balanced state;
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rotating center of the rotary system mis a nmass of a rotary body, and w
is a rotational speed (rotational frequency). 3 Substitute sheet - 2
Décenmber 1997 As understood fromformula (1), the unbal ance vibration is
proportional to the square of the rotationa@ speed, and accordingly, it
beconmes serious rapidly if the rotational speed increases. The unbal ance
vi bration not only vibrate the pick-up systemso as to 5 hinder the
read/wite of sigréle ghdis @ eghematis view mimidpsdo/Figatés shewinsesm

itself to whig hedwc sat ac hereb r kabl Iowerln t he
reliability o @”58 %ﬁ%@k F“grail 5& 8P LRI Rer
speed rotati ophgf tﬁedféﬁﬂgﬁaj_qrgageﬁ&}gl}gr speed data transfer. For
exanpl e, in the case of an 8-

Fig. 6¢c is a sche:nat:l.c view similar to Fig. 6a, showing an
5 unbalanced condition in which the natural frequency wn of the
rotary system is lower than the rotational frequency o thereof;

Fig. 7a is a view showing a positional relationship among
correcting members, the rotational center, the center of gravity
and the like in an unbalanced condition;

10 Fig. 7b is a view showing a condition during balance
correction;

Fig. 7c is a view showing a condition after balance
correction; _

Fig. 8 is a sectional viev.v illustrating the unbalance

15 correcting mechanism incorporated in a turntable in an embodiment
of the present invention;

Fig. 9 is a view showing displacement response and phase
relationship of a support system; .

Fig. 10 is a view showing an arrangement of the correcting

20 members in the unbalance correcting mechanism;

Fig. 11 is a view showing a relationship between the
frequency, the amplitude ratio and the like of vibration of a
viscous damping system;

F:Lg 12 is a view showing transmission characteristics of

25 the resilient elements, which are different from one another due to
natures of materials;

Fig. 13 is a sectional view illustrating a vibration proof

leg in an embodiment of the present invention;
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10 CD-ROM drive, the rotational speed is 4,200 r.p.m and accordingly, the
probl em of unbal ance vi bration of a disc, as nentioned above; has been
béing materialized. OBJECT AND SUMVARY OF THE | NVENTI ON One obj ect of the
present invention is to provide a highly 15 reliable disc device which

I ncorporates in its drive system conposed of a disc and a drive system a
mechani sm for autanmatically correcting unbal ance of the rotary system so as
to restrain generafion ldf igi dreewonhlltstxahing another embbdimardd ofntheyr der to
carry out high speed data transfer,. In order to achjeve the

20
above- nent i onBYe e dhvention: i yhichy an, YphALARCS, SOXFEFLARS P8 W and a
rot ati onal frggg&gﬁéasé/eésiégtcf%#at wn is lower than w, that is, wn <w,
orrec ni

and an unbal ance i'ng mec dmincluding a mass system whi ch can
smoot hly rotate abpig. as @k ad Wwishaillustsapiny ifiethet vothyr iémbodiment of
5 the present invention in which an umbalance correcting mechanism is
incorporated in the rotor of a nbtor; and
Fig. 16 is a view illustrating an embodiment of the present
invention in which a holding member for the correcting bodies are
incorporated.

10 DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is an outside view which shows an optical disc (CD-
ROM) device in which an embodiment of the present invention is
incorporated. Explanation will be hereinbelow made of basic
operation of the optical disc device.

15 At first, a disc tray 31 for loading a disc 2 into the disc
device (or unloading the disc 2 from the disc device) is extended
from an entrance slot formed in a front panel 1. The disc tray 31
is extended and retracted by a disc loading mechanism which is not
shown. Then, the disc is set on the extended disc tray 31.

20 ‘Thereafter, the disc tray 31 is retracted into the disc device by
means of the loading mechanism, and then, the disc 2 is shifted
onto a turntable 15 as a disc carrying part provided to the shaft
of a motor | (spindle motor). The disc 2 carried on the turntable 15
is held between a disc clamper 3 attached to a clamper holder 4 and -

25 the turntable under magnetic attraction effected by the disc
clamper 3.

It is noted that a rotary drive mechanism such as the spindle
motor, an optical head for reading and writing data from and onto

the disc, and a drive mechanism for the latter are provided on a



25 possible to correct unbal ance of a rotary body itself through self-
aligning action inherent to the rotary systemduring rotation. Further, in
addition to the above-nenti oned unbal ance correcti ng nechani sm an

i nt ermedi ate hol di ng nmenber which carries thereon a rotary drive system and
an optical head is supported to a 4 Substitute sheet - 2 Decenber 1997
casing or a unit nechani sm base through resilient elenents (vibration proof
legs). It is noikdrechanicdie chassislllf sexpingcys odn tinsesupiiate bykiiag
couposed of the jnternediate nmenber and the resilient elenents is set to be
hi gher than 3BeRReHmt Iower than 70 5 Hz, and a lift value of the

transni ssion char agber| ShiCalle9h touaith 40 $prlidlibh:hiatdtadBonls 2
us, e

resonance poi nt . above-
speed by the spindle motor, and data are wr:.tten onto or read from

5 the disc 2 by the optical head which is not shown, carried on the
unit mechanical chassis 11 located below the disc _2. The optical
head incorporates an objective lens drive mechanism and a shift
means by which the optical head can be moved radially of the disc 2.
The unit mechanism chassis 11 is supported on a unit mechanical

10 holder 12 secured to a unit mechanical base 18 through the
intermediary of vibration proof legs 13a, 13b, 13c formed of
resilient elements. Alternatively, it is supported directly to the
base of a casing (unit mechanical housing) through the intermediary
of the vibration proof legs without the unit mechanical holder 12

15 intervening therebetween.

According to the present invention, an unbalance correcting
mechanism for autamatically correcting unbalance of the disc 2 is
provided in the optical disc device in order to enhance the
vibration-proof function of the optical disc device. Further, the

20 natural frequency of a vibration system including the above-
mentioned vibration proof legs is set to a predetermined value.

The disc 2 used in a CD~-ROM device or a DVD device is a
removable. Since the disc 2 is mass—produced by pressing or the
like, the manufacturing accuracy thereof cannot be made to be so

25 high, that is, the unevenness of the thickness of the disc, and the
unevenness of concentricity between the outer and inner peripheries
of the disc are relative large. Unbalance of the disc 2 caused by
letters and a pattern printed on the disc 2 and caused by a sorting .
label or the like stuck to the disc by the user is not negligible.
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mentioned resilient elenents are made of silicon group rubber or fluorine
group rubber, and the internedi ate hol ding nenber is supported by the
résilient elenents at three or four points around 10 the outer periphery
thereof. Further, in the unbal ance correctighg system a ring-|like groove
around the rotary shaft as a center, is fornmed in a clanper for fixing a
disc, a disk holding part (turntable) for fixing a disc, the rotor side
surface of a TitodsgrtieheisotZritseldfid mabdbammedoin weidhtobye usmahly vio gom
spherical correcting nmenbers are inserted in this groove. BRI EF DESCRI PTI ON
OF THE DRAW NESmapigum.) Thas »nih sush e dissw2iis rotaked @ a i s@eddce in an

oo, 1ot o R REE el DUF S8y oot b FBLAMACE! BF "
' disc 2 is exerted to the spindle motor 2 for carrying the disc 2.

5 Vibration of rotational primary component of the disc 2 caused by
the unbalance load is transmitted to the unit mechanical chassis
through the intermediary of the spindle motor, resulting in the
vibration of the device itself and interference contact between the
components or the like, which are caused by the transmitted

10 vibration, and accordingly, noise is produced.

Next, the principle of the unbalance correcting mechanism
will be explained, referring to Figs. 6 and 7.

Figs. 6a to 6c are schematic views which show a motor and a
disc attached to the motor, in which reference numeral O denotes

15 the rotational center of a bearing, S denotes the rotational center
of the disc at the surface thereof, and G denotes the center of
gravity of the disc. In an ideal rotary body with no unbalance, O,
S and G are completely coincident with one another as shown in Fig.
6a, but in an unbalanced rotary body, the shaft is drawn outward by

20 the centrifugal force of the unbalance, causing deflection or
deformation of the shaft.

The phases of the points S, G, relative to the point O, vary,
depending upon the relationship between the natural frequency wn
and the rotational frequency w of the rotarylsystem. This

25 conditioﬁ is shown in Figs. 6b and 6C. If wn is greater than o
(Fig. 6b), the point G is positioned outside of the point S. If wn
is equal to w (critical), the points S, G are positioned on one
and the same straight line. If @ is greater than wn (Fig. 6c,

overcritical), this relationship is reversed so that the point S is

\
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Fig. 3 is a sectional viewillustrating the disc device in which an

unbal ance correcting nmechanismis provided in a clanper; Figs. 4A and 4B
are detailed sectional views illustrating the 25 unbal ance correcting
mechanism Fig. 5is a viewillustrating urbal ance correcting nenbers and a
rolling groove in an enbodi nent of the present invention; Fig. 6Ais a
schematic view illustrating a disc and a notor shaft in a balanced state;

5 Substit ut e pehkeioned?olesisiebof 480 pokaty G.6Bni erderstherrurectyvthay simi | ar

to Fig. 6A, show an unhal anced COI’JdI |on |n whi,ch t natural frequency
wn i s higher Pﬁa?f ot this, RYPTITiddgat Gpngition is usdd.

Fig. 7 is a schematic view which shows the relationship among

unbalance correction members (spherical bodies) provided in the
5 rotary body, and the rotational center, the center of gravity and
the like.

Two balance weights M1, M2 are provided so as to smoothly
rotationally move in such a way that their centers move depcit a
locus S. It is estimated that the balance weights M1, M2 are

10 secured in a condition as shown in Fig. 7a, until the overcritical
condition occurs. The rotational speed increases to a constant
rotational speed in the overcritical condition. In this condition,
the positions of centrifugal forces Fl, F2 exerted to the balance
weights M1, M2 and the points O, S, G are shown in Fig. 7a in which

15 the center G of gravity is that of the entiré rotary system
including the balance weights M1, M2. In this condition, if the
fixing of the balance weights M1, M2 is released, the balance
weights M1, M2 are shifted from the condition shown in Fig. 7a into
a condition shown in Fig. 7b by the circmferentiai components of

20 the centrifugal forces Fl, F2. The shifting of the balance weights

| Ml, M2 causes the center G of gravity to be shifted in an upward
direction as viewed in the figure, that is, the direction toward S,
and accordingly, the difference between the points S, G which
approach each other becm less. That is, the points S, G, O are

25 coincident with one another in a dJ.rectJ.on in which the unbalancing
is decreased due to the shifting of the balance weights M1, M2.
That is, it continues until a condition in which the unbalancing is

completely eliminated, occurs. Thus, the unbalance of the rotary

_—
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6C 6A Fig. 6Cis a schematic view
simlar to Fig. 6A, showing an 5 unbal anced condition in which the natural
frequency wn of the rotary systemis lower than the rotational frequency w
thereof; Fig. 7Ais a view showi ng a positilbhal relationship anbng
correcting menbers, the rotational center, the center of gravity and the

| i ke in an unbal anced condition; 10 Fig.7B is a view show ng a

condi ti on dur sygtésmiwhich msrtacin cihe Engtxaicstegq canche awbamaticaldyndi ti on
after bal ance correctl 8 I S secti naI view illustrating the
unbal ance 15 8” %‘?ﬁq H’Eb?’b'iﬁ @¥n a turntable in an

chood et of he 650 s NAReEh £ W TobSvebmlh e SOM SRS aceTent

response and phase
unbalance correcting mechanism for the rotary body, a disc having a

5 large unbalance can be rotated at a high speed without generation
of vibration, thereby it is possible to transmit data at a high
speed with no deterioration of reliability.

Fig. 2 shows the external appearance of the unit mechanical
part of the disc device (Fig. 1) incorporating the above-mentiocned

10 unbalance correcting mechanism.

In this embodiment, the unbalance correcting mechanism has a
such an arrangement that a plurality of correcting balls (balance
balls) 7 are provided in a groove formed in the disc carrying part
(turn table) of the spindle motor. The optical head 8 incorporating

15 the objective lens can be moved radially of the disc along a guide
rail 16. The unit mechanical chassis 11 having a substantially
rectangular shape in ths embodiment is attached to the unit

" mechanical holder 12 by means of the vibration proof legs 13a. 13b,
13c and 13d.

20 Next, a specific embodiment of the autcmatic balance
correcting mechanism will be explained.

Fig. 3 is a sectional view which shows a CD-ROM device
provided with the unbalance correcting mechanism on the disc
clamper side.

25 The disc 2 as a recording medium, is inserted into the device
from the front panel 1 side by means of a tray of a loading device.
At this time, a unit mechanical system composed of the spindle
motor 14, the pick-up 9 and the drive system therefor, is retracted
in order to hinder the loading of the disc 2. When the disc 2 is
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rel ati onship of a support systemy Fig. 10 is a view show ng an arrangenent
of the correcting 20 nenbers in the unbal ance correcting nmechanism Fig. 11
iS a view showing a relationship between the frequency, the anplitude ratio
and the like of vibration of a viscous danpllhg system Fig. 12 is a view
showi ng transm ssion characteristics of 25 the resilient elenents, which

are different fromone another due to natures of materials; Fig. 13 is a
sectional vi esopletslyaingartedvintantherdeicss the) unitmechapderlnaystem t he

preseht ! nventih:?@iates :?ts movement, and when the height of the turntable 15
attached to the spindle motor 14 becames equal to the height of the
disc 2, it stops the movement. Simultanecusly, the disc 2 is

clamped by attracting forces of a magnet 27 on the £urntab1e 15 and

1]

a magnetic member 6 provided to the clamper 3, and is secured by
the clamp holder 4 and the clamp retainer 5. Thus, the disc 2 can
be rotated by the spindle motor 14, and simultaneously, optical
data on the disc 2 can be read by the optical head 8 attached to
10 the unit mechanical system. It is noted that the unit mechanical
system is incorporated in a unit mechanical housing 10, and is
covered with a top cover 9.
The unit mechanical base 18 is supported to the unit
mechanical chassis 11 by means of vibration proof legs 13 made of
15 soft rubber or formed of springs. The purpose of the provision of
the vibration proof legs 13 is to prevent unbalancing oscillation
of the disc 2 from being transmitted outside of the device, to
prevent vibration outside of the device from being transmitted to
the unit mechanical base 18, and to effectiVely operate the
20 unbalance correcting mechanism.
Fig. 5 shows an example of the unbalance correcting mechanism.
In this example, two rolling grooves are formed, each incorporating
therein with a correcting member 1. However, it is natural that a
single groove can incorporate two correcting bodies. The
25 explanation will be hereinbelow made with such an estimation that
the single groove is used.
The first essential feature of the present invention is the
provision of an unbalance correcting mechanism integrally with the

above-mentioned clamper 3. This unbalance correcting mechanism is
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Fig. 14 is a viewillustrati ng anot her enbodi ment of the present invention
I n which an unbal ance correcting nechanismis incorporated in a clanper;

Fig. 15 is a viewillustrating further another enbodi nent of 5 the present
i nvention in which an unbal ance correcting p®2chanismis incorporated in the
rotor of a notor; and Fig. 16 is a view illustrating an enbodi nent of the

present invention in which a holding nenber for the correcting bodies are

i ncor por at ed. cﬁpmﬁpilmmmlﬁmmm lgrgove 1% and
out si de vi ew whi ch shows a%al di sc (CD- deV| ce_i.n which an
enbodi ment of HWReCPFHESEIRT | oipalance, Pa'f%vd beysed, it Fo® FHoevepl/ -

A Tirst, a disc o ray SAEPRARLT wliof 00'4ciHe 1 SHIOUAE qulde,

extending circumferentially of the latter, has a width which is

5 slightly larger than the diameter of the correcting members 7a, 7b,
and is inserted therein with the two correcting members 7a, 7b. The
side surfaces and the bottom surface of the rolling groove 17, and
as well the outer surface of the correcting members 7 are finished
so as to be smooth in order to allow the correcting members 7 to

10 freely move in the rolling groove 17.-

The material of the correcting members 7 should be selected
so that it is nonmagnetic, and has a high density, and it can
hardly cause occurrence of aging effect suéh as occurrence of
abrasion or corrosion at the outér surfaces of the correcting

15 members. If it is maghetic, it is magnetized by a clamping magnet
27 provided in the clamper 3 so as to cause such a problem that the
two correcting members are attracted. If it has a low density, the
degree of unbalance correction becomes small. The aging effect of
the outer surface increases the frictional force which hinders the

20 movement of the correcting members. In view of these problems, the
correcting members are suitably made of nonmagnetic stainless steel
or glass. .

The maximum degree of unbalance which can be corrected is
exhibited by the following formula in such a condition that the two

25 Dballs assemble together in an unit body:

=2xmbxr
Where mb is a weight of each of the correcting members 7, r is the
rolling radius of the same. The maximum degree w of unbalance of
~ the disc 2 can be considered by experience to be 1 gem at maximum.
\
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device (or unloading the disc 2 fromthe disc device) is extended from an
entrance slot formed in a front panel 1. The disc tray 31 is extended and
retracted by a disc | oading mechani smwhich is not shown. Then, the disc is
set on the extended disc tray 31. 20 Thereafder, the disc tray 31 is
retracted into the disc device by neans of the |oading nmechanism and then,
the disc 2 is shifted onto a turntable 15 as a disc carrying part provided
to the shaft of thenwrbdiirne paditise isotror)1l.7Phemditsich?is ssuhissdnbinlilyeequal

turntable 15 is held between a disc clanper 3 attached, tg a ¢l anpngr Eol der
4 and 25 the tarthe.prEer Hemeher R the F1ARET| In R FPIEEE BFFHe i S

clanmper 3. It _] tgﬂ_rj: e %E' ' aﬁﬂﬁja spi ndl e
notor, an opt F%%P %a St r‘egg%ﬁ?%g an %/\ﬁ\l?ief%%ar&teg rom aggaﬁ)%g t he di sc,
and a drive nmesihpsing fermilag | atter are provided on a '

5 mb =w/(2xr)=1/(2 x 1.75) = 0.28 g

The weight of a stainless_ balls having a diameter of 4 mm is 0.27 g,
and accordingly, the this ball can be used to cope with the above-
mentioned maximum of unbalance of the disc 2.

The second essential feature of this embcdiment is the

10 provision of such an arrangement that the natural frequency wn

which is exhibited by the following formula;

on = { (0/K) |
where K is a rigidity of the above-mentioned vibration proof legs
and M is a mass of the above-mentioned unit mechanical base 18,

15 is set to be smaller than the rated rotational speed w of the
device, and the device is operated in an overcritical condition.
Operation is made with the unbalance correcting mechanism having a
configuration as mentioned above, and through the overcritical.
condition, the correcting' members 7 are shifted in a direction

20 reverse to that of the unbalance of the disc 2 since the phases of
the center of gravity and the rotational center are reversed, and
accordingly, the unbalance can be automatically corrected.

In the case of a CD-ROM device, the rotational speed of the
spindle motor 14 is controlled so that the peripheral speed is

25 constant. That is, when the pick-up 8 is located at the inner
peripheral side, the rotational speed is high, but when it is
located at the outer peripheral side, the rotational speed is low.
The rotational speed at which an audio CD is reproduced, is called
as a standard speed which is in a range between 3.8 Hz at its outer
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7 Substitute sheet - 2 Decenber 1997 unit nechani cal chassis 11 serving as
an internedi ate hol ding menber. Next, the disc 2 is rotated at a
predeterm ned rotational speed by the spindle notor, and data are witten
onto or read from5 the disc 2 by the opticd head which is not shown,
carried on the unit nechanical chassis 11 | ocated bel ow the disc 2. The
opti cal head incorporates ag ggiective | ens drive mechani smand a shift

e

means by which P?@H?&FYC%C‘ Zcah P& Apver peadpheyy Bye tﬁ%ta?sci,mzndﬂfe
gglchrgchgn;StTn %ljtch:ats %%%Pg?ﬁig%hrou éﬁpﬁélﬁ%gggaéﬁigreégo |bra? |1§n
proof |egs 13a,ré&tuoﬁap dpeedeskt Qher@ﬂnbmeaan@bemrm&ne&lﬁoebaan wilgs dd s
supported directly to the
high as the standard speed (that is, 45 Hz at the outer periphery
5 and 100 Hz at the inner periphery). The natural frequency wn is
set to be higher than the rotational frequency of the standard
speed at the inner periphery but is lower than the rotational
frequency of the used speed at the ocuter periphery. If the natural
frequency wn is set to a value lower than the standard rotational
10 speed, the rigidity of the vibration prcof legs has to be extremely
small, and accordingly, the vibration proof legs would be greatly
deformed when an external force is éxerted thereto. Thus, it is
anticipated that the disc 2 or the like cannot be stably supported,
and accordingly, it is not practical. On the other hand, a
15 rotational speed substantially equal to the standard speed does not
cause a problem even though the unbalance vibration is not
corrected since the unbalance vibration is small.
Attention has to be taken for the damping rate of the
vibration when the natural frequency on is set. In view of the
20 vibfation-proof, it is effective to use a material having a large
damping rate in order to decrease the amplification factor of
vibration peak. However, in this embodiment, the vibration proof
legs made of such a material having a high damping rate causes a
problem. Since the material having a high damping rate delays the
25 reversing of the phase. As mentioned above, since the reversing of
the phases of the rotatiocnal center and the center of gravity
during overcritical operation is used in the unbalance correcting
mechanism according to the present invention, the phases cannot be

completely reversed if a the material having a high damping rate is
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base of a casing (unit nechanical housing) through the internediary of the
vi bration proof |egs without the unit nechani cal holder 12 15 intervening

t her ebet ween. According to the present invention, an unbal ance correcting
mechani sm for automatically correcting unbal ddce of the disc 2 is provided
in the optical disc device in order to enhance the vibration-proof function
of the optical disc device. Further, the 20 natural frequency of a

vi bration syst emsiaﬁclimi ﬁgcws’énabmethenﬁﬁ%neﬁ HhebFeRLESHLiPR dFf lPEgsini she g
set to a predetey o AbiSingTBEL déj lussgg 4N R dgy §8 &Hr {oDVD
| SC

device is a rean S hce the |s mass- produced by pressing or the
i ke, the manuf améuthilgi ACL3Y axfywt,heheqfhasenm&s het nsd €t} cesreeding an Angijle
that is, the unevenness of the thickness of the disc, and the unevenness of

concentricity b@tfwééfh dege Huttdiseandikben, pbei ¢ifecterf srrreetignsEonr e
relative lar ge z!n'ﬁ:rt]acgsoi t.hfn i SC embc%‘:].mgd bx-_he damping rate is set to
5 % while wn is set to 1/2 of w, the reversing of the phases of
about an angle of about 180 deg. can be cbtained, thereby
sufficient unbalance correction can be expected.
Fig. 4 is an embodiment in which the unbalance correcting
10 mechanism is provided in the disc clamp part.
The essential feature of this embodiment is the provision of
a first.clamp 19 on which the unbalance correcting mechanism
camposed of the correcting members 7 is provided, and a second
clamp 20 incorporating a ball fixing mechanism which can be
15 vertically moved, coaxial with the first clamp 19 is provided. In
the case of a CD-ROM device, since the rotation of the disc 2 is
made in such a condition that the peripheral speed is constant, the
spindle motor 14 is accelerated and decelerated in accordance with
a position of the pick-up 8 in order to change the rotational speed.
20 In the case of no fixing mechanism for the correcting members 7,
since the correcting members 7 would turn at a constant rotational
speed upon such acceleration and deceleration, felative rotation
occurs between the correcting members 7 and the disc 2. With a
design such that full attention is made to the ranges of both
25 natural frequency wn and rotational speed «, the correcting
members 7 can be finally stabilized to their original correcting
positions even thought the rotational speed varies. However, since
the frictional force between the rolling surface of the rolling

groove 17 and the correcting members 7 is set to be low in oxder to

-
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| etters and a pattern printed on the disc 2 and caused by a sorting | abel

or the like stuck to the disc 2 by the user is not negligible. 8
Substitute sheet - 2 Decenber 1997 That is, the disc 2 itself is unbal anced
in weight by usually 1 gr.cmat maximum Thi6, if such a disc 2 is rotated
at a high speed, unbal anced | oad which is greatly increased by the rotation
of the disc 2 is exerted to the spindle notor 14 .for carrying the disc 2. 5
vi bration of retate dhal apfecwiony abhrpentrictibnt éxentiedcte theuserrantinge

unbal ance load is transmtted to the unit mechani cal chassis through the

i nternmedi ary BFURRRS dpi AdHEedE FeRATRL SE A 1975 HEE t PO fle
o Bl G LG AL PIR58 il SAORHR e e |
‘ rolling of the correcting members 7 is initiated due to

5 acce}gration and deceleration to the time when it is stabilized,
exceeds a seek time by which the pick-up 8 moves, data has to be
read in an unstable vibration condition, causing deterioration of
the reliability of the device itself. Thus, the fixing mechanism
for the correcting members 7 are provided so that the correction is

10 once made, and in this condition, the correcting members 7 are
fixed in this condition, thereby it is possible to solve the above-
mentioned problems.

The second clamp 20 is assembled in such a way that a

protrusion 23 of the second clamp 20 is snugly fitted in a hollow

15 shaft 22 of the first clamp, which extends from the first clamp,
which is hollow and which is formed on its outside with a first
clamp groove 24 so that the second clamp 20 can be rotated
simultaneously with the rotation of the first clamp 19 while it can
be vertically moved. Fuirther, a spring 26 is provided between the

20 first clamp 19 and the second clamp 20 so that the first clamp 19
and the second clamp 20 are held to be opened if no vertical force
is exerted thergto. The second clamp 20 is formed therein with
several teeth 21 having a width which is narrower than the rolling
groove 17, at a position just facing the rolling groove 17 for the

25 correcting members 7, formed in the first camp 19, the several
teeth 21 being adapted to enter the ball rolling groove 17 of the
first clamp 19 over the entire periphery thereof when the second
clamp 20 lowers. The pitches of these teeth 21 is slightly larger
than the diameter of the correcting member 7, but are equally
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10 vibration, and accordingly, noise is produced. Next, the principle of

t he unbal ance correcting nmechanismw Il be explained, referring to Figs. 6
and 7. Figs. 6A to 6C are schematic views which show a notor and a disc
attached to the notor, in which reference nut2ral 0 denotes 15 the
rotational center of a bearing, S denotes the rotational center of the disc
at the surface thereof, and G denotes the center of gravity of the disc. In

an i deal rotarydbsied\Fircumderpidaiite The haighsdots thectedipRdt & pet so

coi nci dent w th_gne ,anof her h In.Fig. b D I
rotary body, th %fm £ %%p &Fgéﬁ&o%@m?ogtgﬁgﬁ%ﬁeﬁééﬁw?%égggflg’pgggotfhet he
unbal ance, caustig ikl €€ tthentédthdel Bdtinbo snAfi16hanahatie diBRetdinse st

the points s, G relative to the point O, vary, depending upon the
rel ati onshi p beroxrarting meypbersil7f ingrehcg eondihion Hdat othe ifdnst dlempudhcy

wof the rota.ar yaggi-ﬁx%msegomdsclamp 20 are closed.

In such a condition that the first clamp 19 and the second
clamp 20 are opened, the correcting members 7 can freely be moved
in the rolling groove 17, but when they are closed, the correcting
members 7 are clamped between the teeth 21 of the second clamp 20

10 so that they cannot be moved. In such a condition that the first
clamp 19 and the second clamp 20 are opened, unbalance correction
is carried out under overcritical condition, and after the
correcting members 7 become stable, when the first and second
clamps 19, 20 are closed, the corrected condition of the correcting

15 members 7 can be held. The opening and closing of the first and
second clamps 19, 20 are carried out through the vertical motion of
the unit mechanical base 18 upon ejection of the disc 2. In a
conventional device, upon insertion of the disc 2, the unit
mechanical base 18 is retracted downward in order to prevent the

20 spindle 14 from hindering the disc 2, and after the completion of
insertion of the disc 2, the unit mechanical base 18 is raised up
to an cperating height so as to clamp the disc 2 with the use of
the attracting forces of the magnet 27 provided in the spindle
motor 14 and the magnetic member 6 provided to the clamper. This

25 operation is carried out by gear and cam mechanisms and a motor
provided in the chassis 11 and the unit mechanical base 18. However,
the essential feature of this embodiment in which the unit
mechanical base 18 is raised upward from the retracted condition,

and the first clamp 19 is attracted by the magnet 29 of the spindle



25 condition is shown in Figs. 6B and 6C. If wn is greater than w (Fig;
6B), the point Gis positioned outside of the point S. If w is equal to w
(€ritical), the points S, G are positioned on one and the sane straight .
line. If wis greater than wn (Fig. 6C, ovel&ritical), this relationship is
reversed so that the point Sis 9 Substitute sheet - 2 Decenber 1997
positioned outside of the point G In order to correct the unbal ancing,
this overcrit motbr cldhdot amrtd secwel thei gisc/ 2i shichs casnke i thereforavrotatehows
the relationshi p_among unbal ance correcti menbers 7A, 7B(spheri cal bod| es)
provided in tA& Bhe 18190 aPhér’Fadl%SF‘F'bﬁaqhaEem%?e agﬁee%

gravity and tge l:ﬁ&ﬁ:ion in wh:.ch the first clamp 19 and the second clamp 20 are
opened so that the correcting members 7 can be moved freely (which
5 will be hereinbelow mentioned as correcting mode”), and a
condition in which the unit mechanical base 18 is further moved so
as to close the first clamp 19 and the second clamp 20 in order to
secure the correcting members 7 (which will be mentioned as rated
mode”, Fig. Sb).

10 Explanation will be hereinbelow made of the operation. When
the disc 2 is inserted, the unit mechanical base 18 takes the
lowest position. As the disc is inserted, the unit mechanical base
18 is moved upward, and cames to a stop once in the correcting mode.
In this condition, the first clamp 19 is operated so as to clamp

15 the disc 2. In this phase, the first clamp 19 and the second clamp
20 are held to be opened, as shown in Fig. 4a, and accordingly, the
correcting members 7 can freely move in the rolling groove 17. The
positional relationship between the pick-up 8 and the disc 2 has.
been established. After starting of the rotation of the disc 2 by

20 the spindle motor 14, the disc 2 is rotated at a constant
rotational speed in an overcritical condition, exceeding the
natural frequency wn of the rotary system. This rotational speed
is determined in consideration with the damping characteristic of
the above-mentioned vibration proof légs 13, but can be detexrmined,

25 irrespective of the rated rotational speed of the device itself. At
the time when the correcting members 7 become stable at their
correcting positions, the unit mechanical base 18 is further moved
upward while the rotational speed being held, and comes to a stop
in the rated mode. The first clamp 19 and the second clamp 20 are
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Two correcting nenbers 7a,7b are provided so as to snoothly rotationally
nove in such a way that their centers nove depict a locus S. It is
estimated that the correcting nenbers 7a,7b are 10 secured in a condition
as shown in Fig. 7A, until the overcriticall®ondition occurs. The
rotational speed increases to a constant rotational speed in the
overcritical condition. In this condition, the positions of centrifugal
forces Fl, F2gradualdy tdosdtk thoougic tthegnomemeat sof7 Ahebumitl mekbapismils, Oands,

G are shown in Fig,, 7Ain which 15 the center G of gravity is that of_ the
entire rotaryaSG¥BRILYe| the FErFeREing, Palersy’ ard Sesured Hy the tegthgll

condition, if g i3 Q egh i b _, eﬁgégg he
correcting me oerscfi 'f'yg,?'geagreectogﬁi e f?(a)m k?ggggﬁé_l %Z'sha(#m%hléné I'g. X‘# nto
a condi tii on Sb@ﬂﬂtidhsElg_g seul¥ng heC coLLETA0E héndlers OTRAN €Ak Spéitddns t he
centrifugal forces FI, F2. The shifting of the correcting nenbers 7a, 7b
causes t hebcewhere Ghef bgtande gorredidonhis madej nthe) copvesting body 7 is not

moved even though the rotational speed is changed in association

with a position of the pick~up 8 in order to make the line speed
constant, and aécordingly, it is possible to prevent deterioration
of the seek performance.
10 | In this embodiment, with the use of a vibration sensor such
as an acceleration sensor, the manipulatability can be improved.
For example, a vibration sensor is attached to the unit mechanical
base 18. Explanation will be made of the operation of this
embodiment in the case of the provision of the vibration sensor.
15 Wwhen the disc 2 is inserted, the unit mechanical base 18 is moved
to a rated position, and the correcting members 7 are secured at
arbitrary positions. Thereafter, the rotation of the motor is
started. In this condition, the measurement of vibration is carried
out. If it is determined that the level of vibration is low, the
20 data are read soon, but it is determined that the level of
vibration is high, the unit mechanical base 18 is lowered down to
the correcting mode position. Thereafter, the unbalance correction
is carried outer in a procedure similar to that made in the case of
no provision of the vibration sensor. In the case of the presence
25 of the vibration sensor, no unbalance correction is required for
every disc 2, and accordingly, it is possible to promote the
operation steps from the insertion of the disc 2 to the stating of

the reading of data.
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direction as viewed in the figure, that is, the direction toward S. and
accordingly, the difference between the points S, G which approach each

ot her becones less. That is, the points S, G 0 are 25 coincident with one
another in a direction in which the unbal an20ng is decreased due to the
shifting of the correcting nenbers 7a,7b That is, it continues until a
condition in which the unbalancing is conpletely elimnated, occurs. Thus,

t he unbal ance of t Nextptemplanatiop ®ibk thet | eee:gﬂveépw m@@@éeﬂ!ﬁé@qm& an
whi ch exists i,n the initial stage can b t|c or ed by the
correcting ner}Be‘f’g"%t‘fB ¥RiHng ?‘Fﬁé’vﬁﬁo ' gﬁ ?8‘%‘5 @“ﬁeﬁf‘? oned
automatic Unb%hi‘ﬂ&@cﬁ@"ﬁé%é:%gmeoﬂiiﬁkérﬁx{&%p&‘&é&%ﬂr%é&d}ﬁm&rég sc 2

haV|ng a
' respectively.

5 Should a plurality of correcting members 7 .are incorporated
in a single groove 17, the correcting members 7 impinge upon each
other during unbalance correction, and cause occurrence of an
unstable phenomenon. Further, in the case of using magnetic
correcting members 7, since it is magnetized, the correctirig

10 members 7 are attracted to each other. Thus, in this embodiment,
the plurality of rolling grooves 17 are formed, and the correcting
members 7 are incorporated in these rolling grooves 17,
respectively. Thereby it is possible to enhance the reliability of
the balance correction.

15 Next, explanation will be made of an arrangement in which the
unbalance correcting mechanism is provided to the turntable of the
spindle motor with reference to Fig. 8.

A disc rotating system for an optical disc, is composed of a
spindle motor, a disc 2 serving as a recording medium, a disc

20 clamper 3 for securing the disc 2 onto the turntable 15, a rubber
element 39 for preventing the disc from slipping, and the like. The
spindle motor is composed of the turntable 15 for carrying the disc
2, a shaft 37 press-fitted in the turntable 15, and a rotor 36
press-fitted onto the shaft 37. A magnetic circuit for generating a

25 rotary drive power for the spindle motor 37 is formed in the rotor
36, and the rotor 36 serving as a rotary part is attached thereto
with a cylindrical magnet multi-polarized. In the rotor 36, a core
serving as a stationary part, and a coil are attached to a stator

substrate 38.

R ———
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5 |large unbal ance can be rotated at a high speed w thout generation of

vi bration, thereby it is possible to transmt data at a high speed with no
deterioration of reliability. Fig. 2 shows the external appearance of the
unit nmechanical part of the disc device (FiZgl 1) incorporating the
above-nentioned 10 wunbal ance correcting nmechanism In this enbodi nent, the
unbal ace correcting nmechani sm has a such an arrangenent that a plurali ty of

correcting menber s Theashafte3hals sptatablly suppgnted tedthe,stagionayy side S¥ned
head 8 | noor pBPEE F Bobortindo B SRR be % el ROURN0RR PAATE Rt e
disc along a gyi-ffed althe@tatlﬁﬁaﬂ‘ﬁar@ﬁ‘%&cﬁi‘éd%&%s Jsitalaaw\n:s%rate_
substantial ly rectangul ar shape i'nths enmbodinent is attached to the unit
mechani cal hol3deto khileh aespinddé ndtervedntaiclosulstaatel g sapplied] JetaiBad and
13d. explanation will be made of the turntable 15 incorporating the
unbalance correcting mechanism as shown in the figure.
The turntable 15 is formed therein with a ring-like groove in
which a disc securing magnet 41 is provided. A disc_: 2 carried on
the turntable 15 is clamped by the disc clamper 3 from above so
10 that the disc 2 is secured. This is caused by the magnetic
attracting force applied by an attracting iron plate 34 in the disc
clamper 3, facing the disc securing magnet 41. A ring-like groove
(rolling groove) is also formed in the turntable outside of the
former ring-like groove, and is incorporated therein with
15 correcting members (balance balls) 7 for correcting unbalance. The
groove in which the correcting members 7 are incorporated, is
completely covered with a dust protecting cover 35 for preventing
dust from entering therein from the outside.
As mentioned above, unbalance vibration caused by unbalance
20 of the disc 2 is exerted radially of the disc due to deflection and
rotation of the shaft. If the unbalance correcting mechanism is
incorporated in the turntable 15, the above-mentioned correcting
members 7 also centrifugally act upon the rotary shaft. These two
forces can be effected substantially in the same plane so as to
25 correct unbalance without exerting an angular moment to the shaft 3.
Further, the ring-like groove formed in the turntable 15 is
completely fixed to the shaft 37 as a rotary shaft, and accordingly,
it can be easily formed, concentric with the rotary shaft, thereby

I
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20 Next, a specific enbodi nent of the autonatic bal ance correcting

mechanismw || be explained. Fig. 3 is a sectional view which shows a
CD- ROM devi ce provided with the unbal ance correcting nechani smon the disc
cl anper 3 side. 25 The disc 2 as a regprding nedium is inserted

into the device fromthe front panel 1 side by neans of a tray of a | oading
device. At this tinme, a unit nechanical system conposed of the spindle

mot or 14, the piitkisipoSsibie therediucuctisy sbeanitdnel edamentricityt pfctthed ring-
order to hinder .the | oading of the disc 2. Wen the disc 2 is 11
Substitute sheeti¥® Z8@¥@nber 1997 conpletely inserted into the device, the

unit mechani cal SySt§@+, explanation will be made of the operation of the
correcting members 7 with reference to Fig. 10.

[/}

Fig. 10 shows the configuration of the correcting members 7
set in the ring-like groove formed in the turntable 15.

The correcting members 7 are used by at least two in the
unbalance correcting mechanism in the present invention. Further,
each of the correcting members 7 is formed of a nonmagnetic true-
10 circular rigid ball in order to prevent affection by a magnetic

field. For example, in i:he case of the presence of disc unbalance
in the lower part of the figure, a force caused by this disc
unbalance is effected in a centrifugal direction (indicated by the |
arrow). On the contrary, in an ideal corrected condition, the
15 correcting members 7 are located in the direction opposite to the
direction of the disc unbalance. The unbalance qorrecting force at
this time is effected in the direction of a component of a
centrifugal force exerted to the correcting members 7, opposite to
the direction of the unbalance. In the case of the presence 6f a
20 plurality of the correcting members 7, the sum of the camponents of
centrifugal forces exerted to the correcting members 7 gives an
unbalance correcting force. Accordingly, the correcting members 7
located in the ring-like groove make contact with the pathway
surface to which they cling under a centrifugal force while they
25 are arranged, adjacent to one another, and in this condition, the
positions of correcting members 7a, 7b at opposite ends of them,
are located in directions which are directed fram the rotational
center, right angles to the disc unbalance so that the camponents
of the centrifugal force becames zero. That is, in the case of the
\ -
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initiates its novenent, and when the height of the turntable 15 attached to
t he spindle notor 14 beconmes equal to the height of the disc 2, it stops

t he novenent. Simultaneously, the disc 2 is 5 clanped by attracting forces
of a magnet 27 on the turntable 15 and a m@3netic nenber 6 provided to the
clanper 3, and is secured by the clanp holder 4 and the clanp retainer 5.
Thus, the disc 2 can be rotated by the spindle notor 14, and

si mul t aneous| grrangement afathe lurhdity of zomcﬁ;'agrwemy imethept i cal head

8 attached to 10 the upjit nechanjcal S |s noted that the pnit
mechani cal sySPERating T3 e %F%n oﬁg FPEFESA i s

CHE L e o Do oL g o3 Sl 1
sof t rubber omaﬁwrgeétoﬁhesw dhds [itepset wifthiihcarp rangutaw ranket b
vi bration proof 13 is to prevent unbal ancing oscillation
1ess 180 deg. In this embodlment, estimating that the degree
of unbalance is 1 gcm in the worst case in view of a degree of a
disc unbalance in a CD-ROM device in general, stainless rigid balls
having a diameter of about 2 to 3 mm are used by a number of 8 to
15 as the correcting members 7 which can be set in a groove having

10 a shape that can be formed in the turntable for a spindle motor
available at present (the outer diameter of the balance ball
pathway is about 25 mm). The effect of correction by these
correcting members is 0.5 to 0.8 gom, and accordingly, even in the
case of the disc unbalance of 1 gcm, vibration can be restrained

15 below a degree corresponding to an unbalance load of 0.5 to 0.2 gom.
Further, by making the correcting members from a material having a
heavy density and by using a correcting pathway having a large
diameter, the correcting force can be further increased. Although
the explanation has been made such that spherical bodies such as

20 the balance balls are used as the correcting members 7 for
correction of unbalance, it goes without saying that not only the
spherical bodies but also those which.can.move through the
correcting grooves with a small frictional force, or fluid may be
also used.

25 Further, in such a case that the frequency of replacement of
discs is less, the correcting members may be secured after
correction of unbalance, similar to the arrangement in which the
unbalance correcting mechanism is incorporated in the clamp part,

as mentioned above.
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of the disc 2 frombeing transmtted outside of the device, to prevent

vi bration outside of the device frombeing transmtted to the unit
mechani cal base 18, and to effectively operate the 20 unbal ance correcting
mechani sm Fig. 5 shows an exanple of the udbal ance correcting nechani sm
In this exanple, two rolling grooves 17a,17b are fornmed, each incorporating
therein with a correcting nenber 1. However, it.is natural that a single
groove can i ncor podnt the Weviee risc thig embediment,Tithe 2mitepechanicadnchissispe

1o T 1S, T A R A B
e SCAS, BECHAE VLGS phile tsh 136, 286/ 08T aherl s
' correcting members 7 is shifted toward the disc unbalance side in a
5 range of wn > w where wn is the natural frequency of this
support system, and ® the rotational frequency of the spindle
motor at a start of rotation, that is, before the rotatiocnal
frequency exceeds the natural frequency. The support system is a
primary vibration system, and accordingly, the phase is inverted by
10 an angle of 180 deg. when it exceeds an eigenvalue. Thus, if the
rotational frequency o exceeds the natural frequency ;un, a force
in a direction opposite to the direction of unbalance acts upon the
correcting members. Accordingly, when the spindle motor is rotated
at a rotational speed in a range of wn < w, the correcting
15 members are shifted in a direction of correction of unbalance. For
the unbalance correction in this embodiment using this principle,
the setting of a natural frequency of the support system, in
particular, the vibration proof légs 13, the way of the direction
of the shift of the phase in a frequency rénge exceeding the
20 natural frequency, and soc forth are important.
Fig. 9 shows a vibration transmitting characteristic of the
vibration proof leg as mentioned above. The correcting members 7
located in the ring-like groove shown in Fig. 8 , act in the
direction of unbalance as shown in a range in which the rotational
25 frequency o of the spindle motor is less than the natural
frequency wn exhibited by the vibration proof legs 13, due to a
centrifugal force given by a disc unbalance. If it exceeds the
natural frequency wn, the phase is inverted, exceeding an angle of
180 deg, the above-mentioned centrifugal force acts in a direction

,__————/ . .
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12 Substitute sheet - 2 Decenber 1997 conposed of a ball guide having an
arcuate rolling groove 17, and two correcting nenbers (balance balls) 7a,
7b used in the groove 17. The rolling groove 17 which is forned in the bal
gui de, extending circunferentially of the l-atder, has a width which is 5
slightly larger than the diameter of the correcting nenbers 7a, 7b, and is
inserted therein with the two correcting nmenbers 7a, 7b. The side surfaces

and the bottom SPPePEe &P thee diveqtie of sobalance sAdthad e ICTRECHRGer
surface of the 1,_«.3st|‘_=ngg ﬂp@gr%ré?g%%rfgc{)#%ggﬁl dstor_lggafagmgg snmooth in

order to allow the correcting ne reel'y nove in the

rolling groove 17. TRextpledplatatibniwifllCbe medel B tHRITBEEKIng 6PotHednltural
sel ected so that it is nonmagnetic, and has a high density, and it can

hardl y cause oc&reewRncyt A% imeytigredces sta fhasagdonreride wibalance
5 correcting mechanism, the natural freguency of the support system

should be set to be lower than the rotatiocnal frequency of a disc.
An objective lens actuator used in a CD~-ROM device, a DVD device or
the like, has two axial freedoms in order to allow its objective
lens to follow a surface déflection (surface oscillation) or

10 eccentric motion of the disc. Specifically, it is in general
supported by a suspension having freedoms in the above-mentioned
directions. _

The natural frequency of the suspension system is set to
about 30 Hz for determining a d.c. sensibility of the actuator in

15 order to follow rotational primary components of surface deflection
of = 500 um and an eccentricity of *+ 70 um. Further, in order to
carry out the correction of unbalance at the rotational speed
higher than that of a 8x CD-ROM device which has remarkably
exhibited unbalance frequency these days, the rotational speéd of

20 8x is set to be lower than 70 Hz.

Next, explanation will be made of the damping characteristic
of the support system. In the case of making the vibration proof
legs 13 of a material having a high degree of damping, the phase
rotation is slow in a cbndition in which the rotational frequency

25 exceeds the natural frequency of the support system, due to the
damping effect, and accordingly, a characteristic indicted by the
chain line is exhibited. That is, the cofrect:ing members 7 are
unstable around ideal positions by a degree corresponding to that
the phase cannot be shifted toward the unbalance direction, that is,
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abrasion or corrosion at the outer surfaces of the correcting 15 nenbers.
If it is magnetic, it is magnetized by a cl anpi ng nagnet 27 provided in the
cfanper 3 so as to cause such a problemthat the two correcting nenbers
7a,7b are attracted. If it has a | ow densit36 the degree of unbal anc
correction becones small. The aging effect of the outer surface increases

the frictional force which hinders the 20 novenent of the correctj.n
nmenbers 7a, 7b2 prEficdgnireffectcof qopreskion ganpek bec PW‘%S‘"B& Yr
o unbal ance. i B CRPREHch: PE SpibyTatod iina tnd B Pece iy FRILILTY | PF 2
oy’ W 2 e e e Ght- &1 Gaeh of tho corr et
ght of each of the correcting
menber s 7a, 7bthattdle conventional support legs is preferable. With the resilient

5 member having a small damping, when the rotational frequency
exceeds the natural frequency, the phase shift is fast in
comparison with vibration proof legs having a large damping, and
accordingly, the correcting members 7 are shifted to positions
which are substantially ideal.

10 Accordingly, the explanation will be made of the
characteristics of the vibration proof legs 13 which are required
for the correction of unbalance according to the present invention,
with reference to Fig. 11, as to a vibration ratio (rotational
frequency o/natural frequency on), an amplitude amplification

15 factor and a phase characteristic.

For example, estimation is made such that the natural
frequency of the suppor£ system given by the vibration proof legs
13, is 30 Hz, and the disc rotational speed of 5,500 revolution per
minute (about 900 Hz) corresponding to that of a 10x CD-ROM. The

20 vibration ratio should be three times, 90/30 = 3, and the damping
ratio { should be less than 0.2 in view of a phase shift of an
angle larger than 170 deg. The amplitude amplifcation factor is
about 2.5 when the damping ratio { is 0.2. Accordingly, in the
above-mentiocned condition, the degree of lift-up of the

25 characteristic at the rescnant point of the vibration proof legs 13
should be set to be greater than 2.5 times (8 dB).

Fig. 12 shows transmission ratios of materials of the
resilient members used for the specific vibration proof legs at a
resonant point. In general, butyl group rubber is used as the
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rolling radius of the same. The maxi nrum degree w of unbal ance of the disc 2
can be considered by experience to be 1 gr.cm 13 Substitute sheet - 2
Decenber 1997 If the rolling radius is r = 1.75 cmwhich is substantially
equal to the outer dianeter of the clanper 3,27a required weight nd of each
of the correcting nenbers 7 can be determned fromthe followng fornmula; 5
b =w/ (2 x r) 1/ (2 x 1. 72 = 0.28 gr The weight of a stainless balls,
havi ng a di anet esatgrial af e(ﬁ%?b*%n%ﬁmoﬁﬂ ridey VipratioR Rraed) teddnpR

used to cope Wi td kb ghgeee bAYelTRY T LlnddTRBLAICER) idBelthide &t
The second essentl a fea%\ér%ror%e%i%qgenbo I Men |ns the '
using the vibration legs having a high damping rate for preventing

exciting force from being transmitted from the exterior to the

(=]

interior. As to the vibra_ttion proof legs made of butyl group rubber
having a rubbér hardness of 30 degrees, and incorporated in, for
example, an actual device, the amplitude amplification factor
(transmission rate) is about 2 times at the resonant point as
indicated by the solid line in the figure. In this case, estimating
10 that the damping ratio { is about 0.25 and the vibration ratio is
3 times, the phase is not shifted, exceeding an angle of about 160
deg. and accordingly, ideal correction of balance cannct be made by
the correcting members 7.
On the contrary, in the case of using silicon group rubber
15 having a hardness of about 20 degrees, the amplitude amplification
factor is about 7 times (when damping rate is obté.ined in the
bandwise direction fram the characteristics shown in Fig. 11, it
becomes { = 0.06). Further, in the case of using silicon group
rubber having a hardness of 30 degrees, the amplification factor is
20 about 20 times (when the damping rate is obtained from the
characteristics shown in Fig. 11, it becames{ = 0.03) as indicated
by the ocne-dot chain line. As mentioned above, with the use of the
vibration proof legs made of silicon group rubber, the damping rate
{ can be easily reduced from 0.06 to 0.03, and accordingly, if the
25 vibration proof legs made of silicon group rubber is used, the
phase is shifted by an angle of about 180 deg. under the same
condition as mentioned above, the correcting members are shifted to
ideal correcting positions. With the vibration proof legs having a

usual shape, butyl group rubber can hardly increase the amplitude
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10 provision of such an arrangenent that the natural frequency wn which is
exhibited by the followng fornmula; wi=[err](/X) where Kis a rigidity of

t he above-nenti oned vi bration proof leog 13 and X is a mass of the
above-nentioned unit mechani cal base 18, 1528is set to be snmaller than the
rated rotational speed w of the device, and the device is operated in an
overcritical condition. Qperation is made with the unbal ance correcting
mechani sm haviamplaf iendfibn ufattiornuparabbuoriad timese ataadrasongntpaing, and
overcritical- conditiaqgn, the correcting menbers 7 are shifted in a

direction 20 3aceQEdinglye %'-'T'la?_ts goundy thg b%f'r]dﬁé’B group, Zublper: 15 BFRferaphe-
phases of the [Leplel QhelkA4dN gf%é Q’ﬁb}%&t "1%' 2pad1 1660 iQ:Fet atffe and
adat omatr carl n t

accordi ngly, the I nbalance can b y corrected. e case of a

CD- ROM devi ce chab8cteriatio)alnds ReeskdihglPs itphisdpsssiblertd providornd Bast ed
so that the peripheral speed is

5 device having a high degree of reliability. It is noted that, in
addition to the silicon group rubber, fluoro rubber having a small
damping rate may be used in order to obtain similar effects.

Fig. 13 shows a sectiocnal shape of the vibration proof legé
in an embodiment. The vibration proof legs 13 has a structure in

10 which a shoulder is formed in the center part thereof. Thus, the
shoulder of the vibration proof leg is supported by the unit
mechanical chassis 11, and then the vibration proof leg 13 is

fastened onto a boss part 44 provided on the unit mechanical holder
12 by a retaining screw 40. A gap is defined between the retaining

15 screw 40 and the inner surface side of the vibration proof leg 13.
With this arrangement, the unit mechanical chassis 11 and the unit
mechanical holder 12 are resiliently supported by the vibration
proof leg 13. By using silicon group rubber or fluoro rubber as a
material of the vibration proof leg, the unbalance correcting

20 mechanism as mentioned above, is operated so as to effect the

correction of unbalance with a high degree of accuracy.

As mentioned above, with the use of the arrangement in which
the unbalance correcting mechanism is incorporated in the turntable
15, the correction of unbalance can be made without great

25 improvement in the drive mechanism. Further, since the groove is

formed in the turntable 15, the grooving process can be carried out

so as to easily form a true-circular groove with no eccentricity
with respect to the rotational center. Since nonmagnetic rigid

balls are used for the correcting members 7, the degree of

_____/ .
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t. That is, when the pick-up 8 is located at the inner

side, the rotational speed is high, but when it is |located at
eri pheral side, the rotational speed is |ow. The rotational

ich an audio CD is reproduced, i29called as a standard speed

a range between 3.8 Hz at its outer 14 Substitute sheet - 2
97 periphery and 8.3 Hz at its inner periphery. Due to the
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correcting members can be prevented from being magnetically

attracted, and accordingly, the reliability of rolling thereof is
high. Further, since silicon group rubber or fluoro rubber having a
low damping, is used, the calculation of an eigenvalue of the
support system is easy, and the damping effect in a high frequency
range is great. Further, by using silicon group rubber or fluoro
rubber, the temperature characteristic is stable, and further, the
aging effect is low, thereby it is possible to enhance the use life
and the reliability. |

Fig. 14 shows another embodiment of the unbalance correcting
mechanism. In this embodiment, it is provided in the disc clamper 3,
similar to the embodiment shown in Fig. 3. | '

This embodiment is the same as the embodiment shown in Fig. 3,
except that teeth 21 for securing the correcting balls (balanée
balls) are not formed on the calmper holder 4 side, that is, this
arrangement corrects the unbalance by using such a principle that
the unbalance balls are shifted so that the phase thereof is
reversed by an angle of 180 deg, with the use of vibration of the
support system through the vibration proof legs, similar to the
afore-mentioned embodiment.

The effect and the like obtained thereby are similar to those
as mentioned above. However, this embodiment exhibits such a
disadvantage that a true-circular groove in which the correcting
members are set cannot be easily formed with respect to the

rotational center.
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speed at the inner periphery but is |ower than the rotational frequency of
the used speed at the outer periphery. If the natural frequency wn is set
t0o a value lower than the standard rotational 10 speed, the rigidity of

the vibration proof |egs 13 has to be extred®8ly snall, and accordingly, the
vi bration proof |egs 13 would be greatly defornmed when an external force is
exerted thereto. Thus, it js anticipated that the di sc or the |ike cannot
be stably supportedi%ndd a’c%é‘l“d Fb"ﬁ&f’ pgc ance, CPRPSREr
hand, a 15 rot ﬂﬁ?t t t shegd shged w
does not causen%d %9%%? ven OQE éaslhe un gr?cefv ratlonaslregonot

corrected sinafoticre mhallar;cs mnaiwrma:ﬁeﬁrmmedﬂm angroové1dn wWhidie theken
for the danping rate of the vibration when the natural frequency wn is set.

In view of thecRregtbngmesheps ok, set, iis Sitted iipcthe %@réﬁmﬁbﬁFhfl%&Yng

a large darrpl n&rate m&rﬁg‘r’l&goadg%geas&et he a‘tlrgp é aet Eggref cl‘.}lgr ofl

set in the ring-like groove are incorporated in the rotor 36.

In this case, since a bearing 43 for supporting the shaft 37
is present within the rotor 36, the moment exerted to the shaft 37
can be made to be small, and accordingly, the use life of the

10 bearing 43 can be enhanced. In the case of using fluid as the
correcting members 7, the vertical dimensions can be increased so
as to increase the cubage of the correcting member, and accordingly,
it is possible to enhance the effect of correction. Further, the
above-mentioned unbalance correcting mechanism may be provided to

15 the shaft 37 which is extended downward from the bearing 43,
although it is not shown.

Fig. 16 is a secticnal view which shows ancther embodiment of
the present invention. This embodiment is substantially the same as
that shown in Fig. 8, except that the unbalance correcting

20 mechanism is incorporated in the turntable 15, including a holding
member 45 for holding the correcting members 7. Explanation will be
hereinbelow made of the operation and the effect of the holding
member 45. The condition shown in this figure, the rotational speed
of a disc does not yet reach a resonant point of the rotational

25 support system.

In this embodiment, the ﬁoldiné member 45 is formed of a leaf
spring which made of a resilient material, being bent at their
outer peripheral part (forward end part). In the range of the
rotational speed up to the resonant point, the correcting members 7

| THIS SHEET HAS BEEN
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vi bration peak. However, in this enbodi nent, the vibration proof |egs 13
made of such a nmaterial- having a high danping rate causes a problem Since
the material having a high danping rate delays the 25 reversing of the
phase. As nentioned above, since the reversBhg of the phases of the
rotational center and the center of gravity during overcritical operation
is used in the unbal ance correcting mechani smaccording to the present

i nvention, thenehpsessecangainstie themuldingygraover by dudansaof Hherdeaf ispring

hav 19 2 LD ek 8 e 41 s GrevRBee rom PO 2 ofbie REEHEse o
o, o 0 ! Gt B, USRI QSN 11560 Grdier il G
rolling re31stance between the correctlng members and the pathway
5 surface, that is, the contact frictional force.

When the rotational speed of the disc exceeds the resonant
point, the centrifugal force caused by the rotation acts upon the
forward end of the leaf spring, the bent forward end part thereof
starts its deformation in a horizontal direction. Accordingly, the

10 pressing force exerted to the correcting members 7 is eliminated,
and accordingly, the correcting members 7 can be freely moved. When
the rotational speed exceeds the resonant point, the correcting
members 7 is shifted in a direction reverse to the direction of
unbalance by an angle of 180 deg., thereby it is possible to

15 correct the unbalance.

Thus, the reason why the correcting members are held before
the resonant pecint, is such that vibtation caused by the rolling of
the correcting members, which generates when passing the resonant
point of the rotary support system in the case of a disc speed

20 changing control system (For example, a CD-ROM drive or a DVD-ROM
drive using a constant linear speed system) should be restrained.
In the case of the constant disc speed control system (for example,
an MO drive or a high speed CD-ROM system using an angularly
constant system), the rotational speed rapidly rises up since the

25 vibration which is caused by rolling of the correcting members when
passing the resonant point of the rotary support system is
restrained, similar to that mentioned above. Further, since the
correcting members 7 can be released after campletely passing the
resonant point, and since a force can be prevented from being
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of 160 deg. in this condition, the effect of correction for 5 wunbalance is
low. In this enbodinent, the danping rate is set to 5 %while wr is set to
172 of w, the reversing of the phases of about an angle of about 180 deg.
can be obtained, thereby sufficient unbal and2 correction can be expect ed.
Fig. 4 is an enbodi nent in which the unbal ance correcting 10 nechanismis
provided in the disc clam 3 part. The essential feature_of this enbodi nent

i s the provi sieffested in; aRunkalapce sUFRCHIRR: But HRan RBaPEFRGE SR MMV
rrChant S COThgsed A BEPSARC LARIREISS ol dull B 6o 3By SRa0d:.
dovi ce, S nce the Tot STon o The b o Sre e ooteh S Conar Fonthat "
t he peri pher alinvgekibn,s canrantomaticdidyspornéct nobalante ¢ theczbbargt sjtsten
decelerateg i@n%i&&ﬁ%?@%ﬁa{gﬁg; of the disc, and can reduce unbalance vibration
caused by the rotary system. With this arrangement, focus errors
and tracking errors caused by the unbalance vibration can be
restrained, and vibration and noise can alsc be decreased. Further,
a disc device using the unbalance correcting mechanism according to
10 the present invention can aim at increasing the rotational speed of
a disc for high speed transmission of data, and at enhancing the
degree of accuracy which is required when the density of data is

increased to a high value.



a position of the pick-up 8 in order to change the rotation speed. 20 1In
t he cﬁm mmumu;' mechani sm for the correcting nenbers 7, since the
corre uld turn at a constant rotational speed upon such
accel efatfort afd dec&leration, relative rot88ion occurs between the
correcting nmenbers 7 and the disc 2. Wth a design such that full attention
Is made to the ranges of both 25 natural frequency wn and rotational speed

e, .the correcWHA] TS IAIMED XSan be finally stabilized to their original

correcting positions even thought the rotational speed w varies. However,
since the frictiond fofcEiBRy éﬁetwmﬁfé’gsﬁr&ffg g?rtxffga?"&??i?\g

oy, o B Te B L TR ekt ick? Sl et 1818k an 19
‘ unbalance correcting mechanism for restraining vibration caused by
5 rotation of said motor, is incorporated in a means for holding said
recording medium.

2. = A disc device as set forth in claim 1, characterized in
that said unbalance correcting mechanism is incorporated in a disc
clamper constituting said recording medium holding means.

10 3. A disc device as set forth in claim 1, characterized in
that said unbalance correcting mechanism is provided in a disc
holding bed constituting said recording medium holding means.

4. A disc device as set forth in claim 4, wherein said
unbalance correcting mechanism is incorporated in a rotor in the

15 lower part of a disc holding bed for holding said recording medium.

5. A disc device as set forth in claim 1, characterized in
that said unbalance correcting mt_echanism is composed of a rotary
point pathway concentric with the rotaticnal center of the motor,
and more than one of correcting members which can move in the

20 rotary point pathway.

6. A disc device as set forth in claim 1, characterized in
that said unbalance correcting mechanism is camposed of a plurality
of rotary path ways concentric with the rotating cemter of said
motor, and at least one of movable correcting members set

25 respectively in said plurality of rotary pathways.

7. A disc device as set forth in claim 5 or 6, wherein
said correcting members are more than two in number, and sai_d
correcting members are set in such a way that when said more than

two of correcting members are érranged adjacent to one another at a

T ——



reducmm friction exerted to the correcting nenbers 7, a
time ﬁ"m or less until the correcting nmenbers are stabilized.
If th ﬂ HHMUWE when the rolling of the correcting nenbers 7 is
i nitiat'ed°‘due Ieration and deceler@4 on to the tinme when it is
stabilized, exceeds a seek tinme by which the pick-up 8 nobves, data has to
be read in an unstabl e vibration condition, causing deterloratlon of the
reliability ofside whdlicf tikes ebtaryT pathwayh duting mgtabitranithm ¢Qrrechdng

correcting nmenbers 7 are provided so that the correct i.on |1§ 1‘? oncg_hrrade,
and in this coMemeqsnat PRPASFER &dsn galﬁ%meagg Je8st 13y 1PR 9%

condi tion, thepg Q%edtt tbstﬁp%f:géd&% efif ‘e the above- nmentioned problens.

The second cl a 0 1s asse a way that a protrusion 23 of the
second -cl-anp 20 is snugl X didd advide Anbetpcretihg shabto?Xaf rbbating at cl anp

19 which extends fromthe first clanp 19
5 replaceable rotary disc-like medium, characterized in that
an unbalance correcting mechanism for restraining vibration
caused by rotation of said motor is incorporated in a means for
holding a recording medium; and
said unbalance correcting mechanism is composed of a pathway
10 concentric with the rotating center of said motor, a piu.rality of
correcting members adapted to move in said path way, and a securing
means for securing said correcting members at arbitrary positions.
9. A disc device incorporating a rotary drive mechanism
for rotating a replaceable disc-like recording medium
15 characterized in that,
an unbalance correcting mechanism for correcting unbalance is
incorporated in a rotary body rotating means in said rotary drive
mechanism, and comprises a holding member for holding said rotary
drive mechanism and a head having at least a reproducing function,
20 and a support member composed of resilient members, for supporting
a casing and a unit holder to each cther.
10. A disc device as set forth in claim 9, characterized
in that
said unbalance correcting mechanism is adapted to be operated
25 at a frequency higher than a frequency of vibration determined by
a holding member holding a rotary drive mechanism including said
recording medium, and a head having at least a reproducing functioﬁ,
and a resilient member of a support member holding said holding

member to a casing or a unit holder.

\ . ) . . .
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which is holTowand which is formed on its outside with a first clanp
groﬂlmﬁmmﬂﬂ e second clanp 20 can be rotated simltaneously with

t he I "1 first clanp 19 while it can be vertically noved.
Further¢ at spring is provided between th#20 first clanp 19 and the
second clanp 20 so that the first clanp 19 and the second clanp 20 are held

to be opened if no vertical force is exerted thereto. The second clanmp 20
is formed therein Wlth Bedisaideviee las2gehfarty inFlaim Shicharastepizeg i

than the rolli grqQovye.17, at a position just .f.aci the.rol Li roove 17
for the 25 coFP‘gEt?ﬁl?\iﬁé%eer?E?,“ $%ﬂgl# Fﬁédf?‘?ﬁéﬁggam, a{:%gs S€ver al
teeth 21 bein E@aﬁﬁ‘% nOmiSayt t Rat-d1 e ggqﬁrrg_ Wer whagl 30 Pz fbukst
clanp 19 overg'}:l enti‘re perip er%q}ahereof vieklegn t'he gecond clanp 20 | owers.
The pitches oficivbesthanc?0EZ,] and ethiblits ya taagsmisdion tharatteristic baviige

correcting nenber 7, but are equally )
5 a lift-up degree of higher than 8 dB at a resonant point.

12. A disc device as set forth in claim 9, characterized in
that said support member supports said holding member at three or
four points in the outer peripheral part of the latter, and said
resilient member is made of silicon group rubber.

10 13. A disc device as set forth in claim 9, characterized in
that said support member supports said holding member at three or
four points in the outer peripheral part of the latter, and said
resilient member is made of _fluoro rubber.

14. A device as set forth in claim 9, characterized in that

15 said rotary body moving means incorporating said unbalance
correcting mechanism is a rotary part which is nearer to a motor
coil side than the recording medium holding means for holding said
recording medium.

15. A disc device as set forth in claim 9, characterized in

20 that said rotary body moving means incorporating said unbalance
correcting mechanism is a disc clamper or a turntable in the
recording medium holding part for holding said recording medium.

16. A disc device incorporating a rotary drive mechanism
for rotating a replaceable disc-like recording medium, and a head

25 having at least a function of reproducing data, characterized in
that

said rotary drive mechanism incorporates an unbalance
correcting mechanism which is composed of a groove formed in a
turntable for carrying thereon said recording medium or a clamper
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17 divided circunferentially. The height of the teeth ' t he
gap between the bottons of the rolling nenbers 17 andl EI mgug’ he
“téeth 21 becones smaller than the dianeter of the correcticigL in

such a condition that the first clanp 19 5 3hd t he second clanp 20 are
closed. In such a condition that the first clanp 19 and the second clanp 20
are opened, the correcting nenbers 7 can freely be noved in the rolling
groove 17, bufomisecurfing said recowtingt medicmy,r and i & plusabitys of sphexdcaiped
bet ween the teeth 21 of ttge second cl a 20 10 so, that they cannot be
moved. | n sucRodieSHAGE o meve i sRid (IROYRy & and the second clamp 20
are opened, unbal aggey Gaee! dfifve febiirisfiaittla UBHRIng1BRAA | £diCBblding
condition, and after the

' said head are supported to a casing or a mechanical base by a

5 support means composed of a resilient members.



correctin@.nenbers 7 becone stable, when the first and second clanps 19, 20
are closed, the corrected condition of the correcting 15 nenbers 7 can be
hél d. The opening and cl osing of the first and second clanmps 19, 20 are
carried out through the vertical notion of the unit mechanical base 18 upon
ejection of the disc 2. In a conventional device, upon insertion of the
disc 2, the unit nechanical base 18 is retra¢fed downward in order to
prevent the 20 spindle 14 fromhindering the disc 2, and after the

conpl etion of i Ay 0 disc 2, the unit nechanical base 18 is
raised up to ar‘f& Mﬁggﬁg}éﬁg@o as to clanmp the disc 2 with the use of
the attracting fRgeespé: e magnet 27 provided in the spindle notor 14 and
t he magnetic ne%ger 6 %?%%?ded to the clanper. This 25 operation is

carried..out by gear d LS an rprovided in _the. chassis
11 and the unit rrechgﬁi%% bggg;yl{g_g %&e\?gr&ﬁ%qeg{s%n%%?aﬁyeéﬁﬁgl% this

enbodi ment in Weishatienh whidh is caused by unbalance of the weight of a disc and

which has been rapidly increased cdue to high speed rotation at

[#]}

present, vibrates a pick-up system, causing hindrance to

reproducticn signals, and produces. noise and vibration of the

device itself while detericrates the reliability of the disc device,

an unbalance ccrrecting mechanism compcsed of a rotary

pathway having a raiating center ccincident with the rotating

10 center of thé disc and ccrrecting members movable in the rotary
pathway is provided in a helding means for holding the disc, and a
suppert member f£or holding the rotary system and the pick-up system,
and a casing are suppcrtecd to each cther by vibraticn proof legs
having its natural freﬁ;uenc_v which is set to be higher than 30 Hz

13 but lcwer than 70 Ez, and its amplitude amplification which is set

to be higher than 80 dB at a rescnant point, thereby it is pcssible

tc correct unbalance and restrain generation cf vibration.

(Figure 3)
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mechani cal base 18 is raised upward fromthe retracted condition, and the
first clanp 19 is attracted by the magnet 29.of the spindle 18
Substitute sheet - 2 Decenber 1997 notor .14 so as to secure the disc 2

whi ch can be therefore rotated, is the provision of such an arrangenent
that there are established a condition in_which the first clanp 19 and the
second clanp 20 are opened so that the dUFpecting nmenbers 7 can be noved
freely (which 5 wll be hereinbel ow nentioned as correcting node"), and a
condition in which the unit mechani cal Iﬁ is further noved so as to
close the first clanp 19 and the second cahp 20 in order to secure the
correcting nenbers 7 (which wll nti oned as rated node", Fig.5B)

13c

13a

13d

15

32 1%
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10 Expl anation wi ||l be herei nbel ow made of the operation. \Wen the
disc 2 is inserted, the unit nmechanical base 18 takes the |owest position.
As the disc 2 is inserted, the unit nechanical base 18 is noved upward, and
cones to a stop once in the correcting node. In this condition, the first
clanp 19 is operated so as to clanmp 15 th¢igisc 2. In this phase, the first
clanp 19 and the second clanp 20 are held to be opened, as shown in Fig.

4a, and accordingly, the correcting nenbgriﬁapcgg freely nmove in the
rolling groove 17. The positional relati ' tween the pick-up 8 and

the disc 2 has bedn e | i shed. After staﬁtlng of the rotatlon of the disc
2 by 20 the spingle r 44, qpe dlgp 2 s rotate8 at a co tanr10
rotational speed jn a o erc gal con i on, "~ excegding the

freuency wn of the rofary\sys en1 Thi. rntational peed i S ned in
consi deration w {ITN z o 3

vi bration proof egs 13, but

11 12 13 14 15 16
FIG. 4A
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25 irrespective of the rated rotational speed of the device itself. At the
time when the correcting nmenbers 7 becone stable at their correcting
positions, the unit nechanical base 18 is further noved upward while the
rotational speed being held, and cones to a stop in the rated node. The
first clanp 19 and the second cl anp 20 qﬂgb 19 Substitute sheet - 2
Decenber 1997 gradually closed through t novenent of the unit nmechani sm
18, and accordingly, the correcting nenbers 7 are secured by the teeth 21
formed in the second clanp 20 in the rated node, at the correcting
positions. By securing the correcting nenbers 7 at the positions 5 where
the bal ance correction is nade, the correcting nenbers 7 are not noved even
t hough the rotational speed is changed in association

FIG. 5




-

with a position of the pick-up 8 in order to nake the |ine speed constant,
and accordingly, it is possible to prevent deterioration of the seek

per formance. 10 In this enbodiment, with the use of a vibration
sensor such as an accel eration sensor, the manipul atability can be

i nproved. For exanple, a vibration sensoq/g§ attached to the unit
mechani cal base 18. Explanation wll be nmade of the operation of this
enbodi ment in the case of the provision of the vibration sensor. 15 Wen
the disc 2 is inserted, the unit nechanical base 18 is noved to a rated
position, and the correcting nenbers 7 are secured at arbitrary positions.
Thereafter, the rotation of the notor is started. In this condition, the
measur enent of vibration is carried.out f it is determ ned that the |evel
of vibration is |ow, the 20 dat _45#& soon, but it is determ ned that
the level of vibration is high, the unit nechanical base 18 is .|l owered down
to 2

43
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the correcting node position. Thereafter, the unbal ance correction is
carried outer in a procedure simlar to that nade in the case of no

provi sion of the vibration sensor. In the case of the presence 25 of the
vi bration sensor, no unbal ance correction is required for every disc 2, and
accordingly, it is possible to pronote tQﬁ @peration steps fromthe

i nsertion of the disc 2 to the stating of 19e readi ng of data. 20

Substitute sheet- 2 Decenber 1997 Next, explanation wll be hereinbel ow
made of the arrangenment in which two rolling grooves 17a, 17b are forned,
and the correcting nenbers 7a, 7b are incorporated in these grooves,
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5 Should a plurality of correcting nmenbers 7 are incorporated in a
singl e groove 17, the correcting nenbers 7 inpinge upon each other during
unbal ance correction, and cause occurrence of an unstabl e phenonenon.
Further, in the case of using magnetic correcting nmenbers 7, since it is
magnetized, the correcting 10 nenbers 7 ang attracted to each other. Thus,
in this enbodi nent, the plurality of rolling grooves 17 are fornmed, and the
correcting nmenbers 7 are incorporated in these rolling grooves 17,
respectively. Thereby it is possible to enhance the reliability of the

bal ance correction. 15 Next, explanation will be made of an
arrangenent in which the unbal ance correcting nechanismis provided to the
turntable of the spindle notor 14 with reference to Fig. 8. A disc rotating
systemfor an optical disc, is conposed of a spindle noto 14,. a disc 2
serving as a recording nedium a disc

FIG. 8

34 3a
| 41 3b
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AN g 35
39 7
15
36
37 43 -

38
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20 clanper 3 for securing the disc 2 onto the turntable 15, a rubber

el ement 39 for preventing the disc fromslipping, and the |ike. The spindle
motor is conposed of the turntable 15 for carrying the disc 2, a shaft 37
press-fitted in the turntable 15, and a rotor 36 press-fitted onto the
shaft 37. A magnetic circuit for generat%ggoa 25 rotary drive power for
the spindle notor 14 is fornmed in the rot 36, and the rotor 36 serving as
a rotary part is attached thereto with a cylindrical magnet

mul ti-polarized. In the rotor 36, a core_serving as a stationary part, and

a coil are attached to a stator substratFt@_ 21 Substitute sheet- 2
Decenber 1997 The shaft 37 is rotatably supported to the stationary side by
PHASE '

0 .
(EGREE) [
-180 itermeiioosiaciocn
6920y 7
DISC UNBALANCE

®/‘\.¢

DISPLACEMENT

FIG. 10

LESS THAN 180 DEGREES

| 37 (X) DISC UNBALANCE
- @

i Ea=




-

means of a bearing 43 such as a ball bearing or a slide bearing. Further,
the stationary part is secured onto the stator substrate 38 to which a

spi ndl e notor control substrate is applied. Detailed 5 explanation will be
made of the turntable 15 incorporating the unbal ance correcting nechani sm
as shown in the figure. The turntable 15gyg formed therein with a ring-like
groove 17 in which a disc securing nmagnet 41 is provided. A disc 2 carried
on the turntable 15 is clanped by the disc clanper 3 fromabove so 10 that
the disc 2 is secured. This is caused by the magnetic attracting force
applied by an attracting iron plat-e 34 in the disc 17 clanper 3, facing the
di sc securing magnet 41. A ring-like grogy@;%? ﬂhflling groove) is also
formed in the turntable 15 outside of th - A fornmer
ring-1li-ke groove and is incorporated therein with
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15 <correcting nmenbers (bal ance balls) 7 for correcting unbal ance. The
groove 17 which the correcting menbers 7 are incorporated, is conpletely
covered with a dust protecting cover 35 for preventing dust fromentering
therein fromthe outside. As nentioned above, unbal ance vibration caused by
unbal ance 20 of the disc 2 is exerted rg?ially of the disc due to

defl ection and rotation of the shaft. If {1 unbal ance correcting nechani sm
is incorporated in the turntable 15, the above-nentioned correcting nenbers
7 also centrifugally act upon the rotary shaft. These two forces can be
effected substantially in the sane plane so as to 25 correct unbal ance

W t hout exerting an angul ar nonent to Ff'ﬁga’e 3. Further, the ring-like
groove 17 formed in the turntable 15 i's" |'etely fixed to the shaft 37 as
a rotary shaft, and accordingly, it can be easily460rned, concentric with

the raotary shaft, thereby
4 /, /]
N \\ 11

; A

///////<\
\
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22 Substitute sheet- 2 Decenber 1997 it is possi ble to reduce the

rqt-ational eccentricity of the ring- |ike groove 17 Next, explanation w ||
be nmade of the operation of the correcting nmenbers 7 with reference to Fi g.
10. 5 Fig. 10 shows the configuration of the correcting nmenbers 7

set in the ring-like groove formed in gﬂﬁliurntable 15. The correcting
menbers 7 are used by at least two int nbal ance correcting nmechanismin
the present invention. Further, each of the correcting nenbers 7 is forned
of a nonmagnetic true- 10 circular rigid ball in order to prevent
affection by a magnetic field. For eFiﬁﬂq ?l'éthe case of the presence of
di sc unbal ance in the lower part of the figure, a force caused by this disc

34 33 41
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ﬁ‘ﬁf’a_l 'a'rj.cf!'e.'i'.s ef f ect ed i'n a centrifugal direction (indicate t hefja 1) -1
) Or]__r_t'he contrary, in an ideal corrected condition, the 15 ‘gfraljectiﬁgvojm
nepbers 7 are located in the direction opposite to the direction of the

disc unbal ance. The unbal ance correcting ¥ or Substitutesbeet ma,

the direction of a conponent of a centrifugal force exertedjtRERLAGEMENT SHEET '
correcting nenbers 7, opposite to the direction of the unbaja *H .
case of the presence o plurality of the correcting ng

f " !
sum of the conponelG W%gé rifugal forces exerted to the ;o.fba Bﬁ& %7

menbers 7 gives an .unbal ance correcting force. Accordingly,{t ‘
menbers 7 | ocat edgackcRBOND IcRFOTHE PRESENIOYRVENTTORKEe contact wW th the pat hway

surface to which they cling under a centrifugal

force whil e~tfrey-—25—are
arranged, adjacent to TecPreasascinvention relates sondidiss device ﬂ%%‘\"'l FORARaS.
Gi'reoti ons whi oh 805 FEef raBFRAAbIE 2uHEPafHe haflln 3C MIGH' Hedd's0 as o
carry out at least reproduction of data, such as, a disc removable
type disc device for CD-ROM, DVD, MO, remcvable HDD or the like,
and in particular to a disc devicewhichis effective_ at a high
rotaticnal speed. -
Ac@mﬁmﬂ@-muviceisc@osedofas%%w
system for rotating a disc, and a pick-up system for reading data
10 from the gl:':sc. On the disc, spiral or concentric recording pits are
formed, onto which laser is projected from the pick-up system which
is driven radially of the disc, and data are read through the
reflection thereupon. The radial recording pitches of these
 recording pits are very fine, that is, 1.6 gm, and highly precise

N -
_ . LIBULLLLA >

(%]}

15 positioning is required between the disc and the pick-up.
The following two problems are main factors which cause
hindrance to pesitioning accuracy.w '
(1) Vibration caused by the epindle-drive system and the.
pick-up drive system; and
20 (2) External disturbance exerted from the outside. |
| The typicalthose.oftheproblas stated in (1) are unbalance
vibration of a rotary system, electromagnetic vibration of a motor
or drive reaction of a pick;up drive system. It is most important
to ensure a required degree of positioning accuracy under the
25 presence of these factors when designing the device. In particular,
the unbalance vibration of the rotary system have been being
materialized since the speed of rotation of a disc has been rapidlf
increased due to rquirmnt of high speed data transfer.



cénter, right. angles 'to. the disc unbal c-e so that the conponent s of the -
centrlfugal force ‘becomes zero. That i's, in: the case -of thé 23
Substitute sheet - 2 Decenber 1997 arrangenent of the Iurallty of
cOrrecting menbers in the correcting di re'l:t|§Hbs't|Wée§‘i'&Eé %Qeﬁﬁé‘hﬁﬁnlﬁﬁﬂof
the correcting nenbers should be determ ned in such a way that the
correcting nenbers at the opposite ends are set within an angul ar range of

5nblalle2f1cteh?2 i80 deﬁ r]ltthl S E gg’iquf*n esti matl ng!tﬁat £6€ergte§ro enj)j“gsa'
IR eS| Sttt g o it 10070 <
correcting menbers 7 Tahheh been Gesized ta inqpeasectlier dataitrpnsfer speed of
the disc device due to the materialization of multi-media which . -
5 concerns a large wof data of image or motion picture. The
higherthemtationalspeedofadiscinadis:: device, the higher
the data transfer speed. Accord:.ngly, these years, the rotaticnal
speed of aa—ep&e& disc has been be:.ng rapidly increased.
The most sericus problem which should be overcome for
10 increasing the rotaticnal speed of a disc, is an increase in
unbalance vibration. Different from a hard disc device, an optical
disc device for CO-ROM or the like is essential in view of the
campatibility of a disc as a recording medium used therein. Since
the disc is mass-producible by pressing, the manufacturing accuracy
15 cannot be enhanced greatly, and accordingly, unevenness in
' thickness and eccentricity between the cuter periphery and the
inner periphery of a disc are large. Further, unbalancein.weight
causedbyprintinglette:sandapatte:;nonthediscisnot .
negligible. a
20 Ifasystenhavingsuchala:geunbalanceisrctated,'
unbalance vibraticn would occurs due to a cause such that the
center of gravity of the rotary system does not pu:ec:‘.s.ely align
with the rotating center therecf. The force causing unbalance
vibration is exhibited by the following formula (1):
25 F=ox s X o (1)

Where ¢ is a distance between the center of gravity and the

rotating center of the rotary system, m is a mass of a rotary bedy,
and w is a rotational speed (rotational frequency).
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10" a shape that can be formed in the turntable 15 for a spindl e notor

avai l abl e at present (the outer dianeter of the balance ball pathway is
abaut 25 mm). The effect of correction by these correcting nmenbers is 0.5
t5 0.8 gr.cm and accordingly, even in tBe Substititetsheeti-s2 Dasembarcto8f 1
gr.cm vibration can be restrained 15 below a degree corresponding to an
unbal ance load of 0.5 to 0.2 gr,cm Further, by making the correcting
menbers froma material having a heavy density and by using a correcting
pat hway havi ng a | angeusderatped  frdmefoomilac(ilhg the sobabanqes viby

| ation is
I ncreased. Al't hough t he | anati on has been de,sugh th spheri .
Ibodi es such as Pfgg"ﬁl’@"ﬂgrgﬂc?eola%’af’é ﬁ%%&’r%ggf‘?fgﬁcﬁpf%ti g ﬁ%%drmgg],y,

for correction jQf Befious! ggf@ KEhond SAMEDSndING tiritelsédC The
spherical bodi els ut al so tlﬁoser ichyMéan' nove t hrough the correcting:

grooves ‘17 wit lunbalamdd vibraticonanot famlycyilbratid the pick-bp system gecas to -
5 hinder the read/write of signals and to cause noise, but also
vibrates the system itself to which the device‘ is attached, thereby
remarkably lowering the reliability of n;ﬁ%i?gtan itself.
This is because of the higher speed rotation of a disc due to
the higher speed data transfer. For example, in the case of an 8-X
10 CD-ROM drive, the rotational speed is 4,200 r.p.m, and accordingly,
the problem of unbalance vibration of a disc, as menticned above,
' has been bé':'.ng materialized.
OBJECT AND SUMMARY OF THE INVENTION
One cbject of the pr&sént invention is to provide a highly
15 <zreliable disc device which iizcorporats in its drive system
coamposed of a disc and a drive system, a mechanism for
automatically correcting unbalance of the rotary system so as to
restrain generation of vibration at a high rotational speed in’
order to carry out high speed data transfer. o
20 Inegéfrﬂto achieve the above-mentioned object, a rotary
' system having a natural frequency wn and a rotaticnal frequency o
is set so that own is lowerthan W, tha.t-i's, on <w, and an |
unbalance correcting mecham.sm including a mass system which can
smocthly rotate about a rotary shaft, is provided, thereby it is
25 possible to correct unbalance of a rotary body itself through self-
aligning action inherent to the rotary system duriﬁg rotation.
Further, in addition to the above-mentioned unbalance
correcting mechanism, an inté.fnediate holding member which carries
thereon a rotary drive system and an optical head is supported to a

REPLACEMENT SHEET |
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7 Further, in such a case that the frequency of replacenent of
discs is less, the correcting nenbers may be secured after correction of

unbal ance, simlar to the arrangenment in which the unbala cornectd
nechani smis incorporated in the clanp pf’art,Su9§t'%ﬁtsi?‘8ﬁtdré§898mb%? 12%“
Substitute sheet - 2 Decenber 1997 In the device in this enbodinent, the
unit nmechanical chassis 11 shown in Fig. 2, is supported to the unit

nmechani cal hol der 12 by neans of four vibration proof legs 13a, 13b, 13c,
R o T
system and w {(Rebeatidd @Racs (IR8YENEY iaf nbtéd thatdtRe natural frequency of
the support systencxnposed of the interﬁediate member and the -
resilient elements is set to be higher than 30 Hz but lower than 70
5 Hz, and a lift value of the transmission characteristic thereof is
set to be higher than 8 dB at a resocnance point. Thus, the above-
mentioned resilient elements are made of silicon group rubber or
fluorine group rubber, and the intermediate holding member is
supported bf the resilient elements at three or four points around
10 the cuter periphery thereof.
Further, in the unbalance correcting system, a ring-like
groove arocund the rotary shaft as a center, is formed in a clamper
for fixing a disc, a disk holding part (turntable) for fixing a
disc, the rotor side surface of a motor or the interior of the
15 motor, and more than two spherical correcting gggig:F:re inserted
in this groove.
BRIEF DESCRIPTION OF THE DRAWINGS:
Fig. 1 is an outside view illustrating a disc device in an
_ embodiment of the present invention;.
20 Fig. 2 is an outside view illustrating a unit mechanical part
shown in Fig. 1;
' Fig. 3 is a secticnal view illustrating the disc device in
which'én unbalance correcting mechanism is provided in a clamper;
Figs.-ig}amddﬁgare detailed sectional views illustrating the
25 unbalance correcting mechanism;
Fig. 5 is a view illustrating unbalance correcting members
and a rolling groove in an embodiment of the present invention;
Fig. éggis a schematic view illpstrating a disc and a motor

shaft in a balanced state;

REPLAGEMENT - SHEET

09 DEC 1997




nbtor at a start of rotation, that is, before the rotationl frequency
exceeds the natural frequency. The support systemis a primary vibration
%s_tem and accordingly, the phase is inverted by 10 an angle of 180 gég
en it exceeds an eigenval ue. Thus, if 5he3rlms§tlil’f@rﬂle$r‘egwwre3< ds
the natural frequency wn, a force in a direction opposite to the direction
of unbal ance acts upon the correcting nenbers 7 Accordingly, when the
spindle notor is rotated@d a rotational speed in a range wn < w, the
correcting 16 nenbefig.76Rris shpehematia wiay sdmilam tof Figyr et slewWigg an

unbal ance. FOr iAR) HRABIGE Sh Mok chdluchle hRRents D8 LA Higher

principle, the setting of a natur ort system in
particul ar, thethatbtheirstagiondl feggquenty e way of the direction of the

shift of the phase in a %€equency range exceeding the 20 nefAir al f requency
wn and so forth are Fighofeair a sthemagichoiaw simibamtiooFigsr Afanshewing an -

characteristic gy hlfced condition in which the natural frequency wn of the
rotary system is lower than the rotational freq'z_uency o thereof;

Fig. -'v’-lg is a view showing a positional relationship among
correéting members, the rotational center, the center of gravity
and the lik;g in an unbalanced condition;

10 Fig. #» is a view showing a condition during balance
correction;7 ' |

Fig. Fe- is a view showing a condition after balance
correction;

Fig. 8 is a sectional viev.r illustrating the unbalance

15 correcting mechanism inco:fporated in a turntable in an embcdiment
of the present invention;

Fig. 9 is a view showing displacement response and phase
relationship of a support system;

Fig. 10 is a view showing an arrangement of the correcting

20 members in the unbalance correcting mechanism;

Fig. 11 is a vi_ew_ showing a relationship between the
frequency, the amplitude ratio and the like of vibration of a
viscous damping system; |

Fig. 12 is a view showing transmission cha.racteristics_ of

the resilient elements, which are different from one ancther due to

]
(91}

natures of materials;
Fig. 13 is a sectiocnal view illustrating a vibration proof

leg in an embodiment of the present invention;
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vitbration proof leg 13 is nmentioned above. The correcting members 7

| ocated in the ring-like groove 17 shown in Fig. 8 , act in the direction
of .unbal ance as shown in a range in which the rotational 25 frequenc w of
the spindle notor is less than the naturdl fSukpiisuty sheetexRibecember 1984
vi bration proof legs 13, due to a centrifugal force given by a disc

unbal ance. If it exceeds the natural frequency wn, the phase is inverted,
.exceeding an angle of 180 deg, the above- ment i oned centrifugal force acts
in a directi onmit déckanical tchassiinckl se2ving ezban ira®tmedpate thelting he
-direction of unbal ance so that the correcting 7 nenbers act in the

di rection of tion of unbal ance.

Next, the disc 2 is rotated at a predetermined rotaticnal
speed by the spindle motsgi and data are written onto or read from
the disc 2 by the cptical head which is not shown, carried on the
unit mechanical chassis 11 located below the d;sc 2. The optical
head incorporates an cbjective lens drive mechanism and a shift
means by which the optical head can be moved radially of the disc 2.
The unit mechanism chassis 11 is supported cn a unit mechanical
10 holder 12 secured to a unit mechanical base 18 through the

intermediary of vibration proof legs 13a, 13b, 13c formed of

resilient elements. Alternatively, it is supported directly to the

base of a casing (unit mechanical housing) through the intermediary

of the vibration proof legs without the wnit mechanical holder 12
153 intervening therebetween.

(41}

Accoiding to the present invention, an unbalance correcting
mechanism for automatically correcting unbalance of the disc 2 is
provided in the optical disc device in order to enhance the
vibration-proof function of the optical disc device. Further; éhe

20 natural frequency of a vibratlcn system including the above-
mentiocned vibration proof legsﬁis set to a predetermined value.

The disc 2 used in a CD-ROM device cr a DVD device is a
removable. Since the disc 2 is.mass-prodnced by pressing or the
like, the manufacturing accuracy thereof cannct be made %o be so

25 high, that is, the unevenness of the thickness of the disc, and the
unevenness of concentricity between the outer and inner peripheries
of the disc are relative large. Unbalance of the disc 2 caused by
letters and a pattern prxnted on the disc 2 and caused by a sorting
label or the like stuck to the d;sc'hy the user is not negligible.
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Next, explanation wll be nmade of the setting of the natural frequency wn
As nmentioned as to the action of the unbal ance 5 correcting nmechanism the
nat.ural frequency wn of the support system should be set to be | ower than
the rotational frequency w of a disc. An8objSuhstitute shestac? Reeamberd®9d a
CD- ROM devi ce, a DVD device or the like, has two axial freedons in order to
allowits objective lens to follow a surface deflection (surface
oscillation) or 10 eccentric notion of the disc. Specifically, it is j
general supporThat Hg,atiseisiiseasd drsabfiizg vhbabsiced in twedghbdneusnaliyneden
directions. The natyral frequency wn of .the_suspension systemis set to

about 30 Hz foRt JELFHRrNITY=a i such ndigel 2is gotaked At adish preed;  or der
L ooy et R 5 oty TSR LG A o8
the correcti ondide 2nhsl exesteditd hierspizidlenfbtep@etior carrying the disc 2. °
5 Vibration of rotaticnal primary ccmponent of the disc 2 caused by
the unbalance load is transmitted to the unit mechanical chassis
through the intemmediary of the spindle mto# resulting in the
vibration of the device itself and interference contact between the
coampenents or the like, which are caused by the transmitted
10 wvibration, and accordingly, noise is produced. |
Next, the principle of the unbalance correcting mecha.m.sm
‘ will ke expl_aned, éieferring to Figs. § and 7.

Figs. &a to ée are schematic views which show a motor and a

disc attached to the motor, in which reference numeral O denctes

15 the rotational center of a bearing, S denctes the rotaticnal center
of the disc at the surface thereof, and G denotes the center of
gravity of the disc. In an ideal rotary body with no unbalance, O,
S and G are campletely coincident with ohe another as shown in Fig.
6a&, but in an unbalanced rotary body, theshaft:?.sdravmoﬁtwa'i:dby

20 the centrifugal force of the unbalance, causing deflection or
deformation of the shaft.

The phases of the points S, G, relative to the point 0, vary,
depending upon the relationship between the natural frequency wn
and the rotaticnal frequency o of the rotary system. This

25 conditigg is shown in Figs. g& and Géc If wn is greater than o
(Fig: €b), the point G is positioned outside of the point S. If wn
is equal to w (critical), the points S, G a.fe positioned on one
and the same straight 1ine. If w is greater thaxi wn (Fig. ‘%

overcritical), this relationship is reversed so that the point S is
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higher than that of a 8x CD- ROM devi ce which has remarkably exhibited

unbal ance frequency these days, the rotational speed of 20 Sx Is set to be
lower than 70 Hz. Next, explanation will be nade of the da

" characteristic of the support system | n9t héSubstéuts sheating mebﬁﬁ a88dn
proof legs 13 of a material having a high degree of danping, the phase
rotation is slowin a condition in which the rotational frequency 25

exceeds the natural frequency wn of the support system due to the danping
effect, and acmmeﬁ cutaidlar o€ tthei point Gvdilot exdesy toheormegtnthene | s

exhi bi ted. Tha co C T? ﬁ 7 t around i deal
positions by a degree cgfrespohg% "Fﬁ‘égﬁtﬁ%eaggﬁhot be shifted
‘toward the unbal ancgigi redsi @nschebdtic &n.ev; which shows the relationship among
qorrecting 7a, 7b
unbalance cexrecticn membersa(spherical bodies) provided in the
§ rotary body, and the rotational center, the center of gravity and

the like. co
trecting members 7a, 7h
Mb&enee—weighu—la——!eareprovidedsoastosmoothly

:ctaucnallymveinsuchawaythattheircente:smved%%gna
locus S. It is estmtedthat&e%ue
10 secured in a condition as shown in Fig. 42:: until the overcritical
conditicn occurs. ‘rherotat:.onalspeedmc:easatoaconstant
rotaticnal ‘'speed in the overcritical conditicnm. In this conditien,
the positions of centrifugal forces Fl, F2 exerted to the%
| %Mm&e points 0, S, G are shown in Fig. %&A:.nwh:.ch
15 the center G of gravity is that of the entire rctary system

including the b&aaee—wetghu—lﬂ——m In this condition, if the
COIL

fixing of the"b&ance-vexghu—i&—-le-
;gembers 7a, 7b is released, the . 7A

are shifteq7fran the condition shown in Fig. 4& :.nto
a condition shown in Fig. -'&by the circumferential cunponents of
20 ti:.jgnmfugal forces Fl, F2. The 'shifting of j:he kealance-weights
Ml—M2 causes the center G of gravity to be shifted in an upward
direction as viewed in the figure, that is, the direction toward S,
and accordingly, the difference betweer the points S, G which
approach each other becames less. That is, the points S, G, O are

25 coincident with cne ancther in a d:.rect:.cn in which ?;_a.lanhcing
rectin ers 7a, 7

is decreased due to the shifting of the b&me—weigiru—iﬂ,—!ﬁ.
That is, it continues until a condition in which the unbalancing is
completely eliminated, occurs. Thus, the unbalance of the rotary
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26 Substitute sheet- 2 Decenber 1997 a sufficient effect of correction
cannot be obtained. Accordingly, in the correction of unbal ance using the
correcting members 7, the support by resilient nenbers having a danpln
which is less than that of convent i onal 1§upBubstitutgsshestpr2Decamhe &Fu
the resilient 5 nenber having a small danping, when the rot ati onal
frequency exceeds the natural frequeny wn the phase shift is fast in
conparison with vibration proof |egs 13 having a | arge danpi ng, and
‘accordi ngly, tapstes wbdch raxisbeiior s'.hé kl.'h:iaﬂ.l stage wcenpbe iautomstigaldy are

.substantially ideal *}i Al B_Bxpl anation will be nmade of
t he characterlgm Prhe B YSRS Mg 83 whi ch are required for

~the correction of UBEA!@¢ReYRRILAY deO rhlCalivaSABlr idRLANkkQEatikt h
reference to Fig. 11, as to a vibration ratio (rotational frequengy w

/ nat ur at frequwxbglam:F carrestihg metbanigm i forc he arotary body, a discahaving a
5 large unbalance can be rotated at a high speed without generation

of vibration, thereby it is possible to transmit data at a high
speed with no deter:.ore.ticn of reliability.
Fig. 2 shows the external appearance of the unit mechanical
~ part of the disc device (Fig. 1) incorporating the above-menticned.
10 unbalance correcting mecham.sm |
In this embodiment, theunba.laneeeor:ect:.ngmecham.smhasa
such an arrangement that a plm:a.h.ty of correctm?%s (balance
balls)lg—'_alzl}e prcv:.ded in a groeve}fomed in the disc carrying part
(turn table) of the spindle metor,, The opt:.eal head 8 incorporating
15 +the objective lens can be moved radially of the disc along a guide
rail 16. The unit mechanical chassis 11 having a substantially
rectangular shape in ths embodiment is attached to the unit
mechanical holder 12 by means of the vibraticon proof legs 13a..13b,
13c and 13d. , o
20 Next, a specific anbodiment of the autamatic balance
correcting mechanism will be explained.
_ Fig. 3 is a sectional view which shows a CD-ROM device
provided with the unbalance correcting mechanism on the disc
clampe:':a,:side.' ' ' |
25 The disc 2 as a recording medium, is inserted into the device
from the front panel 1 side by means of a tray of a loading device.
At this time, a unit mecham.cal system camposed of the spindle
motor 14, the pick-up 9 and the drive system therefor, is retracted
in order to hinder the loading of the disc 2. wWhen the disc 2 is
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45" factor and a phase characteristic. For exanple, estimation is nade such
that the natural frequency of the support system given by the vibration
proof legs 13, is 30 Ez, and the disc rotational speed of 5,500 revoI ué on
per minute (about 900 Hz) correspondi ng 1tlo Shbstitiftesshe@t x Z-Deremberntd
vibration ratio should be three tinmes, 90/30 = 3, and the danping ratio
[err] should be less than 0.2 in view of a phase shift of an angle |arger
than 170 deg. The anplitude arrpl [ fcation factor i s about 2.5 when the

d t
anpi ng ratio [ Let gpﬁﬂe 00 &1 de1C RO WG ThatianBesh e ON,

the degree of |1 aracter| sti'c at the resonant podint of
the vibration pmmﬂ.atesgs.tﬁ&:mimahﬂ, Emdsehen :hechgightt of thentugnakliend§ (8

O e t0hetd SR LSS 2ol Q0L 1,08 Of, ILoral S 2Ly N LEStIGH ot ne
general,. butyl giQup, ritbebed ThShHdvetent1Csimiltanecusly, the disc 2 is
5 clamped by attracting forces of a magnet 27 on the turntable 15 and
a magnetic member 6 provided to the clamper 3, and is secured by
the clamp holder 4 and the clamp retainer 5. Thus, the disc 2 can
be rotated by the spindle motor 14, and simultanecusly, optical
data on the disc 2 canbereadhytheopticaihea.ds attached to
10 the Iunit mechanical system. It is noted that the unit mechanical
system is mcorporated in a unit mechanzcal housing 10, and is
covered mth a top cover 9.
The unit mechanical base 18 is supported toc the unit
mechanical chassis 11 by means of vibration proof legs 13 made of
13 soft rubber or formed of springs. The purpose of the provision of
the vibraticn proof legs 13 is to prevent unbalancing oscillation
of the disc 2 from being transmitted outside of the device, to
prevent vibration ocutside of the device £ran being transm;tted to
the unit mechanical base 18, and to effect:.vely coperate the
20 unbalance correcting mechanism. '
Fig. 5 shows an example of the unbalance cbr:ecting mechanism.
In th:.s example, two rolling groovesu;érh—é_%ormed, each incorporating
therein with a correcting mbe: 1. Bowever, it is natural that a
single groove can incorporate two correcting w The
25 explanation will be hereinbelow ma.de with such an estimation that
the single groove is used.
The first essential feature of the present invention is the
provision of an unbalance correcting mechanism integrally with the

above-mentioned clamper 3. This unbalance correcting mechanism is

P ot S
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27 Substitute sheet- 2 Decenber 1997 material of the resilient nenbers for
the vibration proof legs 13 in a CD-ROM drive or a DVD drive. As nentioned

above, this is because of using the vibration |egs having a high da

“rate for preventing exciting force fromt2i Substiutensheatd 2Resarmber 98& or
tothe 5 interior. As to the vibration proof |legs 13 nade of butyl group
rubber having a rubber hardness. of 30 degrees, and incorporated in, for
exanple, an actual device, the anplitude anplification factor (transn155|on

rate) is about ¢comased of a ball avdderhaviognan azcuate mléﬂnwwnobmsb],l andi ne
“about 0. 26 and P DrEpEG aflecy” fadlinge patiE) ber ALERed el Shelredye’ 11
“exceeding an angl e ofherRRUlinkP@roove 17 which is fomed in the ball gu;de,
’ extending circumferentially of the latter, has a width which is
slightly larger than the diameter of the correcting members 7a, 7b,
and is inserted therein with the two correcting members 7a, 7b. The
side surfaces and the bottom surface of the rolling groove 17, and
as well the ocuter surface of the correcting me.nbers7a a7re finished
soastobesmcthmorde:toallowtheconecﬁngmbers%
10 freely move in the rolling groove 17.

The material of the correcting members 7 should be selected

so that it is nonmagnetic, and has a high demsity, and it can

o

hardly cause occurrence of aging effect such as occurrence of
abrasion or corrosion at the ocuter surfaces of the correcting
15 members. If it is magnetic, it is magnetized by a clamping magnet
27 provided in the clamper 3 soastocausesucha.problemthatthe
two correcting manbe:szfé":eaattracted If it has a low demsity, the
degree of unbalance correcticn beccmes small. The aging effect of
the outer surface increases the frictional force which hinders the
20 movement of the correchingﬁénbe?s',:-linviewof:th&se problems, the
correcta.ng members are suitably made of nonmagnetic stainless steel
or glass. _
- The maximm degree of unbalance which can be corrected is
exhibited by the following formula in such a condition that the two
25 balls assemble together in an unit body:
W=2xmbxr
Where mb is a weight of each of the correcting members z-%:%h:s the
rolling radius of the same. The maximum degree w of unbalance of

gr.cm
the disc 2 can be considered by experience to be 1 ‘gem at maximum.

i eman -
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deg. and accordingly, ideal correction of bal ance cannot be nmade by the
correcting nenbers 7. on the contrary, in the case of using silicon group
rubber 15 having a hardness of about 20 degrees, the anplitude
amplification factor is about 7 tinmes (when Subgtitote sheet 1 2 Décarnbed 1997 he
bandw se direction fromthe characteristics shown in Fig. 11, it beccnes
[err] = 0.06). Further, in the case of using silicon group rubber having a
har dness .of 30 degrees, the anplification factor is 20 about 20 tines

‘(when the danpEfgthexeliing yedsf Fomi.15 chahdcheid substantialdyi equilg.

- 11, it becones_[e = I_.pgdjcat ed by the _one-dot .chain. |inpne. .As
ment i oned abovgg ém&% r?uttgfa %‘%@% Pﬁe{'-\ﬁ Mﬁ :{}r 8of 1 S TE

silicon group edtfhesf thBecoiaebtiig makSedsS bak e Bocafinkd £adiiead from

0.06 to 0.03, and accordingly, if the 25 vibration proof |egs 13 nade of

silicon group Fabk®Angsfemmda;the phase is shifted by an angle of about 180
deg. under fhe same mb = w/(2 X x) = 1/(2 x 1.75) = 0.28 _gr. -
The weight of a stainless balls having a diameter of 4 m is 0.27 s
and accordingly, the this ball can be used to cope with the above-
mentioned maximum of unbalance of the disc 2.
The second essential feature of this embodiment is the

10 provision of such an arrangement that the natural frequency wn

which is exhibited by the following formula;

wn = J (m/K)
where K is a rigidity of the above-menticned vibratiocn proof lé§§
and M is a mass of the above-menticned umit mechanical base 18,

15 is set to be smaller than the rated rotaticmal speed w of the
device, and the device is operated in an overcritical condition.
Operation is made with the unbalance correcting mechaniem having a
configuration as mentioned above, and through the overcritical.
condition, the correcting members 7 are shiftedinadi:ec'ﬁién'

20 reverse to that of the unbalance of the disc Z'since the phases of
the center of gravity and the rotational center are reversed, and
accordingly, the unbalance can be autcmatically corrected.

In the case of a CD~-ROM device, the rotational épeed of the
spindle motor 14 is comtrolled so that the peripheral speed is

25 constant. That is, when the pick-up 8 is located at the inner
peripheral side, the rotational speed is high, but when it is
located at the outer peripheral side, the rotational speed is low.
The rotational speed at which an audio CD is reproduced, is called
as a standard speed which is in a range between 3.8 Hz at its outer
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cendition as nentioned above, the correcting nenbers 7 are shifted to ideal
correcting positions. Wth the vibration proof |egs having a usual shape,
but.yl group rubber can hardly increase the anplitude 28 Substitute sheet
-*2 Decenber 1997 anplification factor up4t Sulistitutesbeet n2dDecemberd &9ant
poi nt, and accordingly, it is found that silicon group rubber is
preferable. Further, the silicon group rubber is excellent inits
tenperature characteristic, and accordingly, it is possible to provide a

di sc 5 device ls gﬂg, ' e foreliability. It 1s noted that
addition to thgg\s‘élh'Pl C n%?gau%e%b%te(r}jt’fFﬁbefopfﬁ’o%gfyha%enﬁga en%"‘%r?gi ng
rate nmay be usedsicreasirdeithé Gspeldads dakdl trinsAiéSidnSspéid). thass HAYE, he

- 'sectional shape of the vibration proof |egs

- rotational speed of the CD-ROM device is planed to be 12 times as
high as the standard speed (that is, 45 Hz at the outer periphery |

and 100 Hz at the inner periphery). The natural frequency wn is

[¥]]

set to be higher than the rotaticnal frequency of the standard
speed at the inner periphery but is lower than the rotaticnal
frequency of the used speed aﬁ the outer periphery. If the natural
frequency wn is set to a value lcwer than the standard rotaticnal

10 speed, the rigidity of the vibration proof leg:fhas to be extremely
smﬂl,<mxiacmmxﬁngly,tme mﬂuztim:pmomE]sgs&mmﬂd.belmnmxly.
deformed when an external force is exerted thereto. Thus, it is
.anticipated that the disc 2 or thehlike cannot be stably supported,
and accordingly, it is not practical. On the cther hand, a

15 rotaticnal speed substantially equal to the standard speed:%oes not
cause a problem even though the unbalance vibraticn is not
corrected since the unbalance vibration is small.

Attention has to be taken for the damping rate of the

vibration when the natural frequency wn is set. In view of the

20 vibrﬁticn—prcof, it is effective to'use a material having a large
damping rate in order to decrease the amplification factor of
vihr:;icn peak. However, in this embcdiment, the vibration proof
legd[iade of such a material ha#ing a high damping rate causes a
problem. Since the material having a high damping rate delays the

reversing of the phase. As mentioned above, since the reversing of

[\V]
[ ]]

the phases of the rotaticnal center and the center of gravity
during overcritical operation is used in the unbalance correcting
mechanism according to the present invention, the phases cannot be

ccmpletely reversed if a the material having a high damping rate is
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A n an enbodi ment. The vibration proof legs 13 has a structure in 10 which
a shoulder is farmed in the center part thereof. Thus, the shoul der of the

vi bration proof leg 13 is supported by the unit nmechanic hassj and
then the vibration proof leg 13 is fast1@e§®$@@@ﬂ'@ﬁ§§'§%r¢e%ﬁ% Oi/.léggd on
the unit mechanical holder 12 by a retaining screw 40. A gap is defined

bet ween the retaining 15 screw 40 and the inner surface side of the
vibration proof leg 13. Wth this arrangnment, the unit mechani cal chassis

-11 and the unit nechanical hol der 12 are resilj SHRRAT LY kheh
_vibration prodf’ﬁdega‘l%.“ﬁﬁr%ﬂqgﬁ' sﬁj"\el Sgﬁ"'ﬁ‘r 8ﬁphr@u%%ié¥ orggl %%ﬁ'c?%r/u er as a
materi al of thease bEad idaBpiPaateahitl ide2sunbadwmncthaughy ect iisgsed to
mechani sm as nentioned above, is operated so as to eJ‘{ect t he,.correction of

unbal ance wit &7 ddd P o addEr BRase Aces ot 1 FETRELRS: A (3 8s e
O obrorat cnOFE g Bed B A" HRBRLARC P LiRRl) B SESARRIGT AR
5 unbalance is low. In this embodiment, the damping rate is set to
5 § while wn is set to 1/2 of w, the reversing of the phases of
about an angle of about 180 deg. can be cbtained, thereby
sufficient unbalance correction can be expected.
Fig. 4 is an embodiment in which the unbalance correcting
10 mechanism is provided in the disc clamp’s"\part.
The essential feature of this embodimt‘is the provision of
a first c:i.amp 19 on which the unbalance correcting mechanism
ccmposed of t‘né correcting members 7 is provided, and a second
clamp 20 incorporating a ball fixing mechanism which can be
15 vertically moved, coaxial with the first clamp 19 is provided. In
the case of a CD-ROM device, since the rctaticn of the disc 2 is _
made in such a condition that the peripheral speed. is ccnstant, the
spindle motor 14 is accelerated and decelerated in a.ccordancg..with
a position of the pick-up 8 in order to change the rotatiocmal s._peed.
20 In the case of no fixing mechanism for the correcting members 7,
since the correcting members 7 would turn at a constant rotational
speed upon such acceleration and deceleration, relative rotation
occurs between the correcting members 7 and the disc 2. With a
design such that full attention is made to the ranges of both
natural frequency wn and rotational speed w, the correcting

[\
[¢])

members 7 can be finally stabilized to their original correcting
W .

positions even thought the rotational speedsvaries. However, since

the frictional force between the rolling surface of the rolling

groove 17 and the correcting members 7 is set to be low in order to

P
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-15, the correction of unbal ance can be nmade wi thout great 25 inprovenent
in the drive mechanism Further, since the groove 17 is fornmed in the
~turntable 15, the grooving process can be carried ou s.to easil rm
a true-circular groove 17 with no ecceni®i cPubstifute s E%e%tDFﬁe?'ﬁ? 19d7
rotational center. Since nonnmagnetic rigid balls are used for the
correcting nenbers 7, the degree of 29 Substitute sheet- 2 Decenber 1997
correction is given by the sum of mass systens of the correcting nenber 7
‘thus it is possedhee ttheohffdction |af ghe dfxictdionf exertedcto dthe Ragrrertingsi nce

.the correcting nenbers 7 are nonmagnetic, the correcti rrenbers A can be
‘prevent ed fronPEEPHEE faghe time i3 \requized mone-gr 1g8s SBELE FMGyFPETS
“reliability of QreSBAN iS4, £ the period fram the time when the

rollz.ng of the correcting members 7 is initiated due to

(¢ ]

acceleration and deceleration to the time when it is stabilized,
exceeds a seek time by which the pick-up 8 moves, data has to be
read in an unstable vibration condition, causing detericration of
the :.;eliability of the devj.ce itself. Thus, the fi:d;ng mechanism
for the correcting members 7 are provided sc that the correction is
10 once made, and in this condition, the correcting members 7 are
fixed in this oond:.t:.on, thereby it is possible to solve the above-
mentioned problems
The second clamp 20 is assembled in such a way that a
protrusion 23 of t-he second uolamp 20 is snugly fitted in a hoi!.g.ow
15 shaft 22 of the first clamp, which extends from the first clamp,
which is hollow and which is formed on its outside with a first
clamp groove 24 so that the second clamp 20 can be rotated
simultaneously with the rotation of tho first clamp 19 while_ it can
be vertically moved. Firther, a spring 26 is provided between the
20 first clamp 19 and the second clamp 20 so that the first clamp 19
and the second clamp 20 are held to be cpened if no vertical force
is exerted thereto. The second clamp 20 is formed therein with
several teeth 21 having a width which is narrower than the rolling
grocve 17, at a position just'facing the rolling groove 17 for the
25 correcting members 7, formed in the first camp 19, the several
teeth 21 being adapted to enter the ball rolling groove 17 of the
first clamp 19 over the entire periphery thereof when the second
clamp 20 lowers. The pitchos of these teeth 21 is slightly ;I.arger
than the diameter of the correcting member 7, but are equally
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mi gh. Further, since silicon group rubber or fluoro rubber having a | ow
danmpi ng, is used, the calculati on of an ei genval ue of the support systemis
easy, and the danping effect in a high frequency range is great. Further,
By using silicon group rubber or fluoro 1® Substiute sheettc?Receraber 1997
characteristic is stable, and further, the aging effect is low, thereby it
I s possible to enhance the use |life and the reliability. Fig. 14 shows

anot her enbodi nent of the unbal ance correcting nechanism In this

enbodi nent, i tmitsomildvadens to sdmrdi the ciagp2 widchisan dieritherefore otated,

Shown 1 Fi g, 48 8 ZE0visien OF Jurhoa racaement, Ae CHASR, BEY | F ML
Pangenen: ook Sebubthe o BRfat e eutsl BYSie ) 481 chf oot Slemgio
correcting nmenbpersed’ sar thathithe ecbrrecting melkersh ds eanhhbe aoivedsfreely (which
5 will be hereinbelow mentioned as. cor:ectirig mode”), and a
condition in which the unit mechanical base 18 is further moved so
as to close the first clamp 19 and the second clamp 20 in order to
secure the correcting members 7 (which will be menticned as rated
mede”, Fig. S§BS). |
10 Explanation will be hereinbelow made of the operation. When
the disc 2 is inserted, the unit mechanical base 18 takes the
lowest position. As the disc‘f'is inserted, the unit mechanical base
18 hmw, and cames to a stop once in the correcting mode.
In this condition,'the first clamp 19 is cperated so as to clamp
15 the disc 2. In this phase, the first clamp 19 and the second clamp
20 are held to be op_ened, as shown in Pig. 4a, and accordingly, the
correcl:ingmenbexs 7 can freely move in the rolling groove 17. The
positicnal relationship between the pick-up 8 and the disc 2 has
been established. After starting of the rotation of the disc 2 by
20 the spindle motor 14, thediscﬁis’rotated at a constant
rotaticnal speed in an overcritical condition, exceeding the
natural frequency wn of the rotary system. This rotational speed
is determined in consideration with the damping characteristic of
the above-mentioned vibration proof legs 13, but can be determined,
25 irrespective of the rated rotational speed of the device itself. At
the time when the correcting members 7 became stable at their
correcting positions, the unit mechanical base 18 is further moved
upward while the rétational' .speed being held, and comes to a stop
in the rated mode. The first clamp 19 and the second clamp 20 are
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reversed by an angle of 180 deg, with the use of vibration of the support
system through the vibration proof leg 13 simlar to the afore-nentioned
enmbodi ment. The effect and the |ike obtained thereby are simlar to those
25 as nentioned above. However, this en®diSubstitatehsheets- 2Récember 1997

di sadvantage that a true- C|rcular gzoove 17 in which the correcting nenbers
7 are set cannot be easily formed with respect to the rotational center.

30 Substitute sheet - 2 Decenber 1997 Fig. 15 is an enbodi nent in which the
unbal ance cor r geaduallyeclusedsthroughr tive devementa of tihe sundftamechdnitsine 18ptand

36 of the accordingly, the correcting members 7 are secured by the teeth 21
formed in the second clamp 20 in the rated mode, at the correcting
positions. By securing the correcting members 7 at the positions
where the balance correction is made, the correct:.[g;mbers s not
moved even though the rotational speed is changed in association
with a position of the pick-up 8 in order to make the line speed
constant, and accordingly, it is possible to prevent deterioration
of the seek performance. |
10 In this embodiment, with the use of a vibration sensor such
as an acceleration semsor, the manipulatability can be improved.
For example, a vibration semsor is attached to the unit mechanical
base 18. Explanation will be made of the operation of this
embodiment in the case of the provision of the vibration sensor.
15 When the disc 2 is inserted, the unit mechanical base 18 is moved
to a rated position, and the correcting members 7 are secured at

(9]

arbitrary positions. Thereafter, the rotation of the motor is
started. In this condition, the measurement of vibration is ca.rr:.ed
out. If it is determined tha.t the level of v:.bration is low, the
20 data are read socn, but it is de't:em:.ned that the level of
vibration is high, the unit mechanical base 18 is lowered down to
the correcting mode position. Thereafter, the unbalance correction
‘is carried ocuter in a proceduré similar to that made in the case of

no provision of the vibration sensor. In the case of the presence

[\~]
[¢ 7}

of the vibration sensor, no unbalance correction is required for
every disc 2., and accordingly, it is possible to promote the
operation steps from the J.nsert::.on of the disc 2 to the stating of
the readmg of data.
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ftor. That is, aring-like therein with a groove 17 in which the
correcting nenbers 7 are set, is fitted in the rotor 36. Specifically, 17 5
t he nenber 42 having a ring-li ke groove 17 and the correcti ng nmenbers set
in the ring-1ike groove are incor porat ec20nSuhsti‘tuta)shw.-ZrngtPﬁrQb@%@@,97 |
since a bearing 43 for supporting the shaft 37 is present within the rotor
36, the nonent exerted to the shaft 37 can be nade to be small, and
accordingly, the use life of the 10 bearing 43 can be enhanced. In the case
of using fluid as tiect;oexslinatjonravilar e herelinbelnd made off thesaurangeaenbe
increased so as to increase_the cubage of the correcti n$) 7 and
accordingly, i¥n MBiERsEIDEELLNGARAPERS tlﬂé'eqi?%éf-'eo#"‘?ﬁ%VeE‘i‘ d®e Furt her,

"t he above-nentj qliﬁggg rrect : ' tﬂ‘é r c’o@%g to 15
the shaft 37 y}h S gx ended dvm%wa f'gg‘?n g%gaéan??/ng 48 o holigh it is

not shown. respectively.

(4)

5 Should a plurality of correcting members 7 are incorporated
in a single groove 17, the correcting members 7 impinge upon each
other during unbalance correction, and cause occurrence of an
unstable phencmenon. Further, in the case of using magnetic
correcting members 7, since it is magnetized, the corfecting

10 members 7 are attracted to each other. Thus, in this embodiment,

the plurality of rolling grooves 17 are formed, and the correcting
membefs 7 are incorporated in these rolling grooves 17,
respectively. 'J.;hereby it is possible to enhance the reliability of
the balance correction. |

15 Next, explanation will be made of an arrangement in which the

unbalance correcting mechanism is provided to the turntable of the
spindle motor,\%:.th reference to Fig. 8.

A disc rotating system for an optical disc, is composed of a
spindle moto:;jia disc 2 serving as a recording medium, a dJ.sc

20 clamper 3 for securing the disc 2 onto the turntable 15, a rubber

- element 39 for preventing the disc from slipping, and the like. The

spindle motor is composed of the turntable 15 for carrying the disc
2, a shaft 37 press~fitted in the turntable 15, and a rotor 36

press—fitted onto the shaft 37. A n:agnetic14circuit for generating a
rotary drive power for the spindle motor 3% is formed in the rotor

[\
(4]}

36, and the rotor 36 serving as a rotary part is attached thereto
with a cylindrical magnet multi-polarized. In the rotor 36, a core
serving as a stationary part, and a coil are attached to a stator

substrate 38.
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Fig. 16 is a sectional view which shows another enbodi nent of the present
I nvention. This enbodi nent is substantially the sane as that shown in Fig.
8, .except that the unbal ance correcting 20 nechanismis incorporated in_the
turntabl e 15, including a hol di ng nenber2u5 Substitutedsheetthd Regaraben 4§97
menbers 7. Explanation will be hereinbel ow nade of the operation and the
ef fect of the holding nenber 45. The condition shown in this figure, the

rotati onal SEeeSuﬁp%easr?#?E# :‘éﬁes T LT ot
formed of a legf m_ﬁ_? g,r,eg.h%leggafmtge&a,smaer&a&e_a& at
their outer per| p era art orwar end part I'n the range of the
‘rotational spepdrtiger, theestatiomeryt paotis secaredrontot they statbersubstrate
| 38 to which a spindle motor control substrate is applied. Detailed
explanation will be made of the turntable 15 incorporating the -
unbalance correcting mechanism as shown in the figure. 17
_ The turntable 15 is formed therein with a ring-like groovepin
‘which a disc securing magnet 41 is provided. A disc 2 carried cn
the turntable 15 is clamped by the disc clamper 3 fram above so
10 thatﬁhediscz is secured. This is caused by the magmetic
. attracting force applied by an attracting iron plate 34 inthedla.75c
clamper 3, fac:.ng the disc securing magnet 41. A ring-like groovep
(rolling groove) is also formed in the turntabléiauts:.de of the
former ring-like groove, 7and is incorporated therein with |
15 correct:.ng members (balance ba.lls) 7 for correcting unbalance. 'rhe
grocve ,q.n which the correcting members 7 are incorporated, is
campletely covered with a dust protecting cover 35 for preventing
dust from entering therein from the outside. .
As menticned sbove, unbalance vibration caused by unbalance
20 of the disc 2 is exerted radially of the disc due to deflection and
rotation of the shaft. If the unbalance correcting mechanism is
incorporated in the turntable 15, the above-menticned correcting
members 7alsocentrifugallyaétupontherotaryshaft. These two
forces can be effected substantially in the same pléne so as to
25 correct unbalance without exerting an angular mament to the shaft 3.
Further, the ring-like groove%omed in the turntable 15 is
- completely fixed to the shaft 37 as a rotary shaft, and accordingly,

(4]

it can be eas:.ly formed, concentrlc with the rotary shaft, thereby
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3d Substitute sheet- 2 Decenber 1997 are pressed against the rolling groove
17 by neans of the leaf spring so as to be held, being prevented from
shifting. This pressing force can be about a value whichis slightly
greater than the rolling resistance betwk2n Siutsstitate sheetng2rRedamber 4887 he
pathway 5 surface, that is, the contact frictional force. \Wen the
rotational speed of the disc exceeds the resonant point, the centrifugal
force caused by the rotation acts upon the forward end of the |eaf spring,
the bent forward end part thereof starts its deformation in a horizontal
direction. Accordft g possikleito reducaithg favatdopalkreccentyiciky obthecringr
menbers 7 is eli{ aﬁg_gw%i‘ld accrdingly, the correcting nenbers 7 can be
freely noved. when € rottati onal speed exceeds the resonant point, the

correcting Next, explanation will be made of the operaticn of the
' correcting members 7 with reference to Fig. 10. -

(v}

Fig. 10 shows the configuration of the correcting members -7
set in the ring-like groove, formed in the turntable 15.

.The correcting members 7 are used by at least two in the
unbalance correcting mechanism in the present invention. Further,
each of the correctiﬁg members 7 is formed of a nonmagnetic true-
10 circular rigid ball in order to prevent affection by a magnetic

field. For example, in the case of the presence of disc unbalance

in the lower part of the figure, a force caused by this disc
unbalance is effected in a centrifugal direction (indicated by the
arrow). On the ccnf.ra::y, in an ideal corrected condition, the

153 correcting members 7 are located in the direction cpposite to the
direction of the disc unbalance. The unbalance correcting force at

this time is effected in the direction of a ccmponent of a

centrifugal force exerted to the correcting members 7, oppos:.te to

the direction of the unbalance. In the case of the presence of a
20 plurality of the correcting members 7, the sum of the camponents of
centrifugal forces exerted to the correcting members 7 gives an
unbalance correcting force. Accordingly, the correcting members 7
located in the ring-like groove,l.%ake contact with the_ pathway
surface to which they cling under a centrifugal force while they
are arranged, adjacent to one ancther, and in this condition, the

()
[3]]

positions of correcting members 7a, 7b at 'opposite ends of them,
are located in directicns which are directed from the rotational
center, right angles to the 'disc unbalance so that the ccmponents

of the centrifugal force beccmes zero. That is, in the case of the

P diibach
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nmenbers 7 is shifted in a direction reverse to the direction of unbal ance
by an angle of 180 deg., thereby it is possible to 15 correct the :
unbal ance. Thus, the reason why the correcting nmenbers are held before the
resonant point, is such that vibration c2®seulistituteshett i 2eternbend 997

- correcting nenber 7 which generates when passing the resonant point of the
~rotary support systemin the case of a disc speed 20 changi ng contr ol
system (For exanple, a CD-ROM drive or a DVD-ROM drive using a constant

linear speed sysirpyinesitCsd thBepliBalisy nee cdx&e&bﬁ:gcms tihetRenst ant di sc
speed control system (for exanpl e, an MO drive or hi gh speed CD- ROM

system usi ng eerzeapingr Q%hmarﬁlesgbimrjand Mbermwﬁlﬂ’gpééﬁm%ﬂm
EB??ZC?FnSI nce the 2\&%}}8#%%2%1% Whi C Js ca Sﬁoﬁg‘éﬁu[ﬁbeq of the port
systemis members at the opposite ends are set within an angular range of
5 less than 180 deg. In this embodiment, estimating that fhe degree
of unbalance is 1 éggnin the wctst.case in view of a degree of a
disc unbalance in a CD~-ROM device in general, stainless rigid balls
havihg a diameter of about 2 to 3 mm are used by a.nuﬁber og 8 to
15 as the correctzng:maﬂxns 7 which can.be set in a grooveghavzng
10 a shape that can be formed in the tumntable,far a spindle motor
available aﬁ present (the ocuter diameter of the balance ball
. pathway is about 25 mm). The effect of cotrection by these
correcting members is 0.5 to 0.8 gggﬁgand accordingly, even in the
case of the disc unbalance of l'gg:ﬁm%ihtaticn can be restrained
15 below a degree corresponding to an unbalance load of 0.5 to o.zggéiﬂ
Further, by making the correcting members from a material having a
heavy density and by using a correcting pathway having a large
diameter, the correcting force can be further increased. Although
the explanation has been made such that spherical bodies such as
20 the balance balls are used as the correcting members 7 for
correction of unbalance, it goes without saying that not only the
spherical bodies but also those which can move through the
correcting grocwes%%ith a small frictional force,'or fluid may be
~ also used. |
25 Further, in such a case that the frequency of replacement of
discs is less, the correcting members may be secured after
correction of unbalance, similar to the arrangement in which the
unbalance correcting mechanism is incorporated in the clamp part,
as. mentioned above.
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restrained, simlar to that nentioned above. Further, since the correcting
menbers 7 can be rel eased after conpletely passing the resonant point, and
- since a force can be prevented from being 32 effected in an unbal ance
direction but can be effected in only a 24r Rulistitgtelshestti 2rDecerhbenhd87of
the disc can be stably corrected. As nentioned above, the disc device
according to the present invention, can automatically correct unbal ance of
the rotary system 5 including unbal ance of the disc, and can reduce

unbal ance vi brati onInatisedebicd lin tiis exbodinietie, e huliti sectiardeyl nehissis
-focus errors and tracking errors caused by the unbal ance vihration can be

restrained, andlvIMPR EBrFishd2 nolss SuBRGFteds §oLkhe)sBLE echanical thalder 12
' by means of four vibration proof legs 1l3a, 13b, 1l3¢c, 13d. The

correcting members 7 is shifted toward the disc unbalance side in a
5 range of on > w where wn is the natural frequency of this
suppo:;'t system, and o the rotational frequency of the spindle
motor at a start of rotatiom, that'is, before the rotaticnal
frequency exceeds the natural frequency. The support system is a
primarf vibration system, and accordingly, the phase is inverted by
10 an angle of 180 deg. when it exceeds an eigenvalue. Thus, if the
rotaticnal frequency o exceeds the natural frequency wn, a force
mad;:ectionopposltetothed:.rectmnofmbalanceactsuponthe
correcting menbers,, Accordingly, when the spindle motor is rotated
at a.rota.t:.ona.lspeed:.narange of wn < o, the correcting
15 manbers,'\zare shifted in a direction of correction of unbalance. For
the unbalance correction in this embodiment using this principle,
the setting of a natural frequency%%f the support system, in
particular, the vibration proof legs 13, the way of the direction
of the shiftofthephaseinafrequencyrange .exceeding the -
20 natural frequency" and so forth are mportant.
Fig. 9 shows a vibra.tion transmitting characteristic of the
vibration procf leg;s mentioned above. The correcting members 7
‘located in the ring-like grooveu,\shown in Fig. 8 , act in the
direction of unbalance as shown in a range in which the rotaticnal
25 fregquency w of the spindle motor is less than the natural
frequency wn exhibited by the vibration proof legs 13, due to a
centrifugal force given by a disc unbalance. If it a:_c-eedS the
natural frequency wn, the phase is inverted, exceeding an angle of
1;0 deg, the above-mentioned centrifugal force acts in a diiection
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a. di sc devi.ce using the unbal ance correcting nechani smaccording to 10 the
present invention can aimat increasing the rotational speed of a disc for
hi gh speed transmission of data, and at enhancing the degree of accuracy .
which is required when the density of d@% iSsibstituteasheaptt-o2 Ddcieghbaral 987
33 Substitute sheet - 2 Decenber 1997 WHAT IS CLAIMED IS: 1. A disc
device incorporating a notor for rotating a replaceable disc-like recording
medi um characterized in that an unbal ance correcting mechani sm for
restraining vi bpptsive tauheddbyedtiontst iviBaDinceaisd m:ttomeicb:&aeﬂt:@rat ed

in a means for hol di r% saj d recordi ng nmedi um
members in the direction of correction of unbalance..

"Next, explana.tmn will be made of the setting of the natural |
wn
frequencyﬁ As menticned as to the act:.on of the’ unba.lance

wn
correcting mechanism, the natural frequencyapf the support system

o

should be set to be lower t.‘nan the rotatiocnal frequency%éf a disec.
An 6bje_c:tive lens actuator used in a CD-ROM device, a DVD device or
- the_lik_e, has two axial freedoams in order to allow its cbjective
len; to follow a surface deflection (surface oscillation) or
10 eccentric motion of the disc. Specifically, it is in géneral |
supported'by a suspension having freedcms in the above-menticned
wn '
The natural fr=quency;\o: the suspension system :Ls set to
- about 30 Hz for determining a d.c. sensibility of the actuator in
15 order to follow rotaticnal primary ccmponents of surface defle&tion
of = 500 um and an eccentricity of = 70um. Further, in order to
carry ocut the correction of unbalance .a.t the rotational speed
higher than that of a 8x CD-ROM device which has remarkably
exhibited unbalance frequency these days, the rotaticnal speed of
20 8x is set to be lower than 70 EHz. -
'Next, explanation will be made of the damping characteristic
of the support system. In the case of making the vibration proof |
' legs 13 of a material having a high degree of damping, the phase
rotation is slcw in a cond:.t:.on in wh:.ch the rota.t:.ona.l frequency

[\
(9]}

exceeds the natural frequencynof the support system, due to the _
damping effect, and accord.:ingiy, a cha.racteristic indicted by the

~ chain line is exh:.b:.ted That is, the correcting members 7 are
-unsta.ble around ideal pos:.t:.ons by a degree correspond.mg to that
the phase cannot be shifted tcward the unbalance direction, ';ha.t :.s,
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2« A disc device as set forth in claim1l, characterized in that said
unbal ance correcting nmechanismis incorporated in a di sc cl arrper
constituting said recording medi um hol di ng neans. A di sc
device as set forth in claim1, characte26 zeﬁubs’(ltutaashm-leDmmheie1997
correcting nmechanismis provi ded in a disc hol di ng bed constituting said
recordi ng nedi um hol di ng neans. 4. A disc device as set forth in claim
[err], wherein said unbal ance correcting nechanismis incorporated in a
rotor in the la siffieiepardffett aoflicoeréstidnggaimst ber obdidiedg Becatdingly,
recordi ng medi um_ 5. A disc device_as set forth in clal m 1, chara terlzed :

in that said ulbahehCeTESTHioR: of MW%%% m oi /B

pat hway concenj 5&3%5 fd‘%ggngq&gr an
one of correctl % n%grs |% can rmve I'n the tary pol nt pat way .

6. A di sc devhse ofs conterftichil isuppbet Meys 4bapreferabled Wm.h the resilient
5 member having a small damping, when the ro‘_!:ational frequency
exceeds the natural frequen<:my;"x,l the phase shift is fast in
camparison with vibration proof legs,having a large damping, and
accordingly, the correcting members 7 are shifted to positions
which are substantially ideal. _

10 Accardingly, the explanation will be made of the
characteristics of the vibration proof legs 13 which are required
for the correction of unbalance according to the present invention,
with reference to Fig. 11, as to a vibration ratio (rotaticmal
frequency w/natural frequency own), an amplitude amplification

15 factor and a phase characteristic.

For example, estimation is made such that the natural
frequency of the support system given by the vibration proof legs
13, is 30 Bz, and the disc rotational speed of 5,500 revoluta.on per
minute (about 9%1932) cmpondmg to that of a 10x CD-ROM. The

20 ~vibration ratio should be three times, 90/30 = 3, and the damp:Lng
ratio { should be less than 0.2 in view of a phase shift of an
angle larger than 170 deg. The amplitude amplifcation factor is
about 2.5 when the damping ratio { is 0.2. Accordingly, in the
above-menticned condition, the degree of lift-up of the

25 characteristic at the resonant point of the vibration proof legs 13
should be set to be greater than 2.5 times (8 dB).

Fig. 12 shows transmission ratios of materials of the
resilient members used for the specific vibration proof legs at a
resonant point. In general, butyl group rubber is used as the
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that said unbal ance correcting nechanismis conposed of a plurality of
rotary path ways concentric with the rotating center of said notor, and at
| east one of novable correcting nenbers set 25 respectively in sai d
plurality of rotary pathways. 7. A di 27 dSubsiitate sheetio2tDegembenilf9F or
- 6, wherein said correcting nenbers are nore than two in nunber, and said
correcting nenbers are set in such a way that when said nore than two of
_correcting nmenbers are arranged adj acent to one another at ‘a 34
Substitute sheet - Decenber 1997 side wall of the rotary pathway dd&ing
-rotation, the %ﬁ@eﬂ-l of thenfraidient yepbers Loxnghe Mipxa REPef |1eg8aim A,

. 180 deg. W th ¢RSRGFlrife WBCa VDAL R . CRE alntioned above, this is because of
' ' using the vibration legs having a high damping rate for prevent.ing_
exciting force from being transmitted f’]'-,?n the exterior to the
interior. As to the vibration proof legsamade of butyl group rubber
having a rubber hardness of 30 degrees, and incorporated in, for
example, an actual device, the amplitude amplification factor
(transmission rate) is about 2 times at the resonant point as
indicated by the solid line in the figure. In this case, estimating
10 that the damping ratio { is about 0.25 and the vibration ratio is
3 times, the pﬂase is not shifted, exceeding an éngle of about 160
deg. and accordingly, ideal correction of balance cannot be made by
the ccrrec!::.ng menbers 7.

(¢}

On the contrary, in the case of using sil:.con group rubber

15 having a hardness of about 20 degrees, the amplitude amplification
factor is about 7 times (when damping rate is cbtained in the
bandwise direction frem the characteristics shown in Fig. 11, it
l_:ecanes { = 0.06). Further, in the case of using silicon group
rubber having a hardness of 30 degrees, the amplification faéﬁor is

20 about 20 times (when the damping rate is cbtained from the
characteristics shown in Fig. 11, it beccmes{ = 0.03) as indicated
byt.hecne—dcl:cha.in%ine.hsmentimedabove, with the use of the
vibration proof legsamade of silicon group rubber, the damping rate

G can be easily reduced from 0.06 to 0.03, and accoidjngly, if the

[\
wn

vibration proof 1egs,]\%a.de of silicon group rubber is used, the
phase is shifted by an angle of about 180 deg. under the same
conditicn as menticned above, the correcting members jare shifted to
ideal correcting positions. With the vibraﬁion proof legs igaving a
usual shape, butyl group rubber can hardly increase the amplitude
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- B¢ A disc device incorporating a notor for rotating a 5 repl aceabl e
rotary disc-like nedium characterized in that an unbal ance correcti ng
‘mecharii smfor restraining vibration caused by rotation of said notor
i'ncorporated in a neans for holding a r&®r Guhgtitete sheetan? Q%ﬂ‘ﬂ“hﬁ'b&pgﬁce
correcting mechanismis conposed of a pathway 10 concentric with the
rotating center of said notor, a plurality of correcting nenbers adapted to
nove in said path way, and a securing neans for securing said correcting

menbers at ar bamgHiiticResd ifabtor Yp to arbutC2(s\Win@si A€ Qf [F@sdhany point] aand
«drive mechanismfor rotating a repl aceabl e disc-1ike recording nmedium 15

characteri zed a¢cqusdinglyn ignbal fovnd that eilicon mmﬁsm@@w
o hocnan SRR 68 Adlsfol Gl R, B8 A E IR 4k "a%%?aﬁ#
' characteristic, and accordingly, it is possible to provide a disc
device having a high degree of reliability. It is noted that, in
addition to the silicon group rubber, fluoro rubber having a small
damping rate may be used in order to cbtain similar effects.

Fig. 13 shows a sectional shape of the vj.bratién proof legs
in an embodiment. The vibration proof legs 13 has a structure in-
10 which a shoulder is formed in the center part thereof. Thus, the

shoulder of the vibraticn proof leglg.s supported by the unit
mechanical: 'chas'sis 11, and then the vibration proof leg 13 is
fastened onto a boss part 44 provided on the unit mechanical holder
' 12 by a retaining screw 40. A gap is defined between the retaining
15 screw 40 and the inner surface side of the vibration proof leg 13.
With this arrangement, the unit mechanical chassis 11 and the unit
mechanical holder 12 are resiliently supported by the vibration
proof leg 13. By using silicon gzoup rubber or flucro rubber as a
material of the vibration proof leg, the unbalance correcting
20 mechanism as menticned above, is operated so as to effect the
correction of unbalance with a high degree of accuracy.
As mentioned above, with the use of the arrangement in which
the unbalance correcting mechanism is incorporated in the turntable

15, the correcta.on of unbalance can be made without great

25 improvement in the drive mechanism. Further, since the groove%s

(4]

formed in the turntable 15, the grooving process can be carried out
SO as to easily form a true-circular grooveawith no eccentricity
with respect to the rotational center. Since nonmagnetic rigid

ba_.l-ls are used for the correcting members 7, the degree of
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dvrive nmechanismand a head having at |east a reproducing function, 20 and
a support nenber conposed of resilient nenbers, for supporting a casing and
a unit holder to each other. 10. A disc device as set forth in claim9,
Characterized in that said unbal ance cor2®ctSulsstitetehahéstm 2£mbed1987be
operated 25 at a frequency of ratation higher than a frequency of
“vibration determ ned by a holding nenber holding a rotary drive nechani sm
i ncluding said recordi ng medium and a_head having at |east a reproducing

function, and esoreectiomtisngivearbyftha smppntr m:én!gsn:dmlcﬂ thesearterbiny ng
renber to a casing oA il 19! Selutnie €5 obbafh 3 135 Hachie Sk deridii.
' Further, since the7cc:rectmg members 7 are ncnma.gnetic, the
correcting members,can be prevented from being magnetically
5 attracted, and accordingly, the reliability of rolling thereof is
high. Further, since silicon group rubber or flucro rubber hcving a
low damping} is used, the calculation of an eigenvalue of the
suppcri: system is easy, and the damping effect in a high frequency
ra:iqe is great. Further, by using silicon group rubber or fluoroc
10 <rubber, the temperature characteristic is stable, and further, the
aging effect is low, thereby it is pcss:.ble to enhance the use life
and the reliability.
Fig. 14 shows ancther embodiment of the unbalance correcting
mechanism. In this embodiment, itisprcvi_dedinthedisc clamper 3,

15 sj.mila.r to the embodiment shown in Fig. 3.
'Thisanbcdimntisthesameastheenbcdimentshgwninrig. 3,
. m
except that teeth 21 for securing the correcting (balance

balls) are not formed cnthecaJ.mperholder4s:.de,tha:bis,
~arrangement corrects the unbalance by using such a principle tha.t
20 the umbelenee-balls are shifted so that the phase thereof is
reversed by an angle of 180 deg, with the use of vibration of the
support system through the vibration proof 1egsl,¢3'simi1_artcthe
'i‘he effect and the like cbta.ined. thereby are similar to those
25 as mentioned above. Eowever, this embcdi.ir?nt exhibits such a
disadvantage that a true-circular groovepin which the correcting
membersz;a.re set cannot be easily formed with respect to the

rotational center.
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that a hol di ng system conposed of said hol ding nenber and said supporting

menber has a natural frequency higher than 30 Hz but | ower than 70 Hz, and
.exhibits a transm ssion characteristic having 5 a lift-up degree of higher
tthan 8 dB at a resonant point. 12. A di B0 deSiibstitate sie¢eti-02tDecembénil 897,

characterized in that said support nenber supports said hol di ng nmenber at

three or four points in the outer peripheral part of the latter, and said

resilient nmenber is nmade of silicon group rubber. 10 13. A disc

device as set fortlriign I3 disnad enbodimdite inzeiiich) théainbadancs wogpedtimgber
-supports said holdi ng menber at three or four p0|nts in the outer
peri pheral pamechanisi is preyided at aqside st FOPE 3B RE &Pefl uor o

“rubber. 14. Anﬁ%&kc%ﬁ%iﬁ Jgﬁg.%%%*é%qun 3] T m‘% esald

rotary body noving nmeans | co-;po correcfing machanl sm
is a rotary pacrrebtidy membesr ete tset] [Pifitted in the rotor 36. Specifically,

3 the member 42 having a ring-like groove;l(aznd the correcting members
set in the ring-like groove are incorporated in the rotor 36.

In this case, .since a bearing 43 for supporting the shaft 37
is present within the rotor 36, the mcment exerted to the shaft 37
can be made to be small, and accordingly, the use life of the

10 bearing 43 can be enhanced. In the case of using fiuid as the
correcting members 7, the vertical dimensions can be increased so
as to incréase the cubage of the correcting manbeig( and accordingly,
it is possible to enhance the effect of correction. Further, the
above-menticned unbalance correcting mechanism may be provided to

15 the shaft 37 which is extended downward from the bearing 43,
although it is not shown. _

Fig. 16 is a secticnal view which shows another embodiment of
the present invention. This embodiment :.s substantially the same as
that shown in Fig. 8, except that the unbalance correcting

20 mechanism is incorporated in the turntable 15, i'ncluding a holding
member 45 for holding the correcting members 7. Explanation will be
hereinbelow made of the cperation and the effect of the holding
member 45i The condition shown in this figure, the rotational speed
of a disCpdoes not yet reach a resonant point of the rotational

25 support system. '

In this embodiment, the holding member 45 is formed of a leaf
spring which made of a resilient material, being bent at their
outer peripheral part (forward end part). In the range of the
rotational speed up to the resonant point, the correcting members 7
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toil side than the recording medi um hol di ng neans for hol ding said
recording nmedium 15. A disc device as set forth in claim9, characterized
i,Ln-20 that said rotary body noving neans incorporating said unbal ance
correcting nmechanismis a disc clanper @1 a Substitute sheet + Adecaraber £397
medi um hol ding part for holding said recording nmedium 16. A disc device

i ncorporating a rotary drive nmechanismfor rotating a replaceable disc-Ilike
recording nedium and a head 25 having at |east function of reproducing

data, charact qirie’ pekded Aghifti €hé ¥cA1ing GGV i bl CElie Ledk Cfpring

-unbal ance correcting mechani smwhich is conposel of a groove forned in a

‘turntabl e for scaesytache heldobeing prevented rfrome shifting. aThis Rressing

' force can be about a value which is slightly greater than the
rolling resistance between the correcting menbers{and the pathway

5 surface, that is, the contact frictional force. |

When the rotational speed of the disc exceeds the resonant

point, the centrifugal force caused by the rotation acts upon the
forward end of the leaf spring, the bent forward end part therecf
starts its deformation in a horizontal directicn. Accordingly, the

10 pressing force exerted to the correcting members 7 is eliminated,
and accordingly, the correcting members 7 can be freely moved. Wwhen
the rota.t:.onal speed exceeds the rescnant point, the correcting
members 7 issl;ifbedinadi:ectionreversetothedirectionof
unbalance by an anéle of 180 deg., thereby it is possible to

15 correct the unbalance.

- Thus, the reason why the correcting members are held before
the resonant point, is _lguch that vibration caused by the rolling of
the correcting menberq(_which generates when passing the mcnant
point of the rotary support system in the case of a disc speed

20 changing c:ont:ol system (For.ex.ampie, a CD~-ROM drive or a DVD-ROM
drive using a constant linear spéed system) should be restrained.
In the case of the constant disc speed control system (for example,
‘an MO drive or a high speed CD-ROM system using an angularly
constant system), the rotaticnal épeed rapidly rises up since ;-.he

25 vibration which is caused by rolling of the correcting members,when
passing the resonant point of the rotary support system is
restrained, similar to that mentioned above. Further, since the
correcting members 7 can._ be released after campletely passix;g the

resonant point, and since a force can be prevented from being
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3ﬁ$fWordi ng nmedium and a plurality of spherical bodies
adapted to groove and said rotary drive nechani sm and a
boldl ﬁm ng said head are supported to a casing or

ysa 5

mechan

(%]

10

25

support means corﬁﬁ)seShb:a‘ntateslseet-eatDmmbels‘l997

WHAT IS CLAIMED IS:

1. A disc device incorporating a motor for rotating a
replaceable disc-like recording medium, characterized in that an
unbalance correcting mechanism for restraining vibration caused by
rotation of said motor, is incorporated in a means for holding said
record:.ng medium.

2, A disc device as set forth in claim 1, character:.zed in
that said unbalance correcting mechanism is incorporated in a disc
clamper constituting said recording medium holding means.

3. A disc device as set forth in claim 1, characterized in
that said unbalance correcting mechanism is provided in a disc
holding bed constituting said recording medium holding means.

4. A disc device as set forth in claiin_%, wherein said
unbalance correcting mechanism is incorporated in a rotor in the
lower part of a disc holding bed for holding said recording medium.

5. A disc device as set forth in claim 1, characterized in
that said unbalance correcting mechanism is composed of a rotary
point pathway concentric with the rotational center of the mqtor,
and more than one of cozrectingmembers which can move in the '
rotary point pathway. _

6. A disc device as set forth in claim 1, characterized in
that said unbalance correcting mechanism is composed of a plurality
of rotary path ways concentric with the rotating center of said |
mtor, and at least one of movable correcting members set
respectively in said plurality of rotary pathways.

_ 7. A disc device as set forth in claim S or 6, wherein
said correcting members are more than two in number, and said
correcting members are set 1n such a way that when said more than

two of correcting members are arranged adjacent to cne ancther at a
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34 Substitute sheet - 2 December 1997

side wall of the rotary pathway during rotation, the correcting
members at opposite ends make an angle less than 180_ deg. with
respect to the rotating center.
8. A disc device incorporating a motor for rotating a
replaceable rotary disc-like medium, cha.racte;ized in that
 an unbalance correcting mechanism for restraining vibration

caused by rotation of said motor is incorporated in a means for

: holding a recording medium; and

said unbalance correcting mechanism is composed cf a pathway
concentric with the rotating center of said motor, a plurality of
correcting members adapted to move in said path way, and a securing
means for securing said correcting members at arbitrary positions.

S. A disc device inecrperating a rotary drive mechanism

for rotating a replaceable disc~like recording medium
characterized in that, _

an unbalance correcting mecham.sm for correcting unbalance is
incorporated in a rotary body rotating means in said rotary drive
mechanism, and camprises a holding member for holding said rotary
drive mechanism and a head having at least a reproducing function,
and a support member ccmpesed of resilient members, for supporting
a casing and a unit hold._e:: to each cther.

10. A disc device as set forth in claim 9, characterized

in that /

'said unbalance correcting mechanism is adapted to be operated
at a frequencyi%i%gshaé%an a frequency of ;ribration determined by
a holding member holding a rotary drive mechanism including said
recording medium, and a heé.d having at least a reproducing function,
and a resilient member of a support member holding said holding

memker to a casing or a unit holder.
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| FIG. 7A
 RADIAL COMPONENT ' -
CIRCUMFERENTIAL COMPONENT
OF CENTRIFUGAL O CENTRIFUGAL FORCE CENTAFGAL

FORCE EXERTED
TO CORRECTING
F1 MEMBER

F2

CORRECTING
MEMBER-M2-

.
T2, - \ ORBIT OF
' CORRECTING

- MEMBER

F2 F.I.G' 7B 0: BEARING
F1 ROTATING
. CENTER

S:DISC
ROTATING
CENTER

G :CENTER OF
GRAVITY .

F2 FIG. 7C

F1

{"REPLACEMENT SHEET

H
;
;o
i

09 DEC 1997

Y




PHASE
(DEGREE)

-180

DISPLACEMENT

7/10 Substitute sheet - 2 December 1997

FAG.9

.u'o‘ 7
O

®— DISC UNBALANCE

N wp<w

FIG. 10

LESS THAN 180 DEGREES

REPLACEMENT SHEET

37 (R DISC UNBALANCE

09 DEC 1997




10/10 Substitute sheet - 2 December 1997

FIG. 15
34 3a 41
7 / b 2
;
! 17
39 ‘ 42 =
) _
15— ' T 36
38 37 43
FIG. 16
34 . 3a ,
41 b

A A NN

4
///////////7/// (%]
\\ L/ ‘ 1_7-
e 45
2 /H

Ll ’{IIM’YIIIAIIII/’II{

W o i sy / T e P

""‘-‘////4

39 < 4
15
» 4 36
A 7 21 NS NN

. 43
g ¥

| REPLACEMENT SHEET |

09 DEC 997




