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1 NVENTI ON Bearing Device with Danpi ng Mechani sm BACKGROUND COF gtg IW%BO\I
1- Field of the Invention The present invention relates to a tiJ

device for relative rotation or angul ar, novenent of a shaft and sl eeve, and
hhore particularly the invention pertai nS to such a beari ng device for
supporting a shaft and a sl eeve such that the shaft and sl eeve is stopped
at arequired relative position in aPshort time after being ratated or

angul arly displaced relatively at & FEAIST AT QN speed. Although not limted

thereto, the bearing device of the present invention is 'mmm“‘“sed

for a pivot assenbly which rotatably support an arm carry\ @“&“\\ or

readi ng and/or_writi ngEdaﬁ@ on_a _storage nedia, such as a harg,.di.sk. The
r

present invehtFBnPalS E8SIOH a storage media driving device provided
W th such bearing deyice, 2. Description of the Prior Arts A hard disk
drive generally ﬁ%FﬁBEsDQVﬁ§Gn§ﬁ¢@ 23R ipg, MpeRarhdMand witing data on a
magnetic | ayer of a hard disk. The head is carried on a tip of an arm which
is pivotably supported by a bearing device, conventionally referred to as

of a stati GRACSSRdBie PR AREY A BBEIBN: "Rouci ng of “the di sk drlve. and a
Such that the EATHS-REFBRUIATRRESPR |y pivor on the shaft aboui an axie of
rotation extendi | ongi tudinally throu the center of ,the shaft. The arm
i s associated wi eaP%%FEE coPV ShbdoR FgEBEeﬁrFQG% PeRFERY AP¥HTS Folt
S o0 | SR o0 a2 PRSLAL 80 ke e S gRRoses gLegul oo (
de‘nsi ty of adr?ci %wtroe Bgr'i:?.%%rl erd.l.yor‘&hae invention pertains to such a bearing
device for supporting a shaft and a sleeve such that the shaft
and sleeve is stopped at a required relative position in a short
time after being rotated or angularly displaced relatively at
a substantial speed. Althoughnot limited thereto, the bearing
device of the present invention is effectively used for a pivot
assembly which rotatably support an arm carrying a head for
reading and/or writing data on a storage media, such as a hard

( disk. The present invention also relates to a storage media

driving device provided with such bearing device.

2. Description of the Prior Arts

A hard disk drive generally includes a magnetic head for
reading and wrilting data on a magnetic layer of a hard disk.
The head is carried on a tip of an arm which is pivotably

supported by a bearing device, conventionally referred to as

[T
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hard disk in a disk drive apparatuses have been increased remaujzbl y and
'the processing speeds of conputer have been increased. To achi dlbWbszgm

i nprovenents, access tinme of disk drive apparatuses is nowrequired to be
extrenely short. To this end, it is necissary to drive, at high speed, the
head to a desired position above the disk. That is, it is necessary to
angul arly di spl ace the head by a required angl e instantaneously. Because of
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di scl oses anot her type of a danping ne anper, conpri ses

a wei ght at baghgda %Aiﬂquégpﬁct@eﬁmgﬂ@péé@s \d £0, P&&érsqiaaié e dribber

menber, Vibration is attenuated in such a manner that e vibration

i sol ating ryblel e ToSadrlevabthdse he rWoefBht I0VESce S/ HlRRY ngéifélyE‘_ese

Unexam ned Patent Publication JP--A 4-64979 discloses a danping device in

which a hol ariigef appREG-atuddie i A ddgilr@aitbugbnakt YeRkdg! enBeEt i ofp and
granul ar materials or 4 la 2 ~u~ ~~~~ liquid or a conbination of those

i s seal ed i ghileeehal eit\idrddansd Sy ald ardabeda)h gl epeal, Othkhregaaryl ar
materials and/or the liquid. As described above, vibration of the head
assenbl y i sacdasddedh@osittd cangiloae rbec@alk.i STRaopPed i ihendda@sfy dat a
to angularly displace the head by a required angle
( instantaneously. Because of the recent increase in the
recorded data density on disks, width of the recording track
has been made very small. Therefore, in data access operation,
high preciseness is required for the positioning of the head
at its read/write position. Accordingly the arm must pivot at
high speed and stopped exactly at a prescribed angular position.

However, as the arm is driven at higher speed, vibrations of

the arm occurring after the stoppage of the arm are likely to



access. To shorten the access tine, it is necessary to effectively,
‘attenuate vibration of the entire head assenbly. To this end, it ik2 JUN 2003
necessary that the danping effect is uniform ( around the axis of rotation
of the arm i.e. in all directions fromthe axis. In the apparatus of JP-A
62- 54678, JP-A 64-48277 and JP-A 4-69979, the danper is provided at the tip
portion or the middle portion of the arm or on the bobbin of the voice
coil. COnsequentIy,
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|5 Coupl ed 18 LhAdeadnas JOr C01ald O APOURGLNEaRATL, Safanust i o

coupled to sI'ééVE To danp vi e rotary attua one

preferred eghadiABnbOhaldid P14 3L 1239 gpl Ree5D8h 578331 801 6568 DA ead

surface and the gﬁeeve has an i nner sur%ﬁce genera%?y facrng t%e ext er nal

surface of baeahabl aeyTee d8MIRLChNE! pElA% R JIARPLASCURESTE 2o GOl Rk O

the inner surface of the sleeve. T al so includes a I ng nenber

coupled to %E%Rdamiaa@e&awiia{ M Ol R Qe JiRdS daihlls SHiG ure

di scl osed by the above USP, one cylindrical danping nenber “(i.e. a danping

mass) is di apAped P YRR -Gt dN8anPhE ndRE bSd{es dubk d9emd AR ]
materials (presumably made of viscoelastiC material) in order to attach the

danpi ng menbgn 150seBe el & Akt ifalliie sda@eboXld ViBeativA danpi ng

materials are symretrically arranged with respect to the axis of the shaft.

Such a danphBgegtibteduby tHefivement of the damping mass bodies which are
enclosed by the viscous grease. Japanese Unexamined Patent

( Publication JP-A 64-48277 discloses another type of a damping
mechanism in which a damper, comprises a weight attached to the
tip of the arm via the vibration isolating rubber member.
Vibration is attenuated in such a manner that the vibration
isolating rubber member is deformed as the weight moves.
Further, Japanese Unexamined Patent Publication JP-A 4-64979

discloses a damping device in which a hole is formed on the arm

at its longitudinally middle portion and granular materials or




~ 2 JUN 2003 6 sufficiently attenuate angul ar vibration. SUWARY OF THE
‘'NVENTION It is accordingly an object of the present invention t rovide a
danpi ng devi ce for pivoting assenbly that effectively attenuatelai AN 2603
of a pivoting nenber when it is stoppeﬁ. It is another object of the
present invention to provide a well balanced danpi ng device for effectively
danmping ' ( vibration of an actuator armfor a storage disk drive device.
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responsi ve 7 wWr i evi ce for a conp er "obj ect of

car ryi ng. daiA ekl e RESH AR <R BT AR £TCRR sorhr i bt T EAEA D ng

time even if t %ﬁéfii df@ﬁlal hi gh speed. It is still further object of
ion t

t he presentafhvéh O provide a data storage device in which data access
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data on a dihsi.siapeqodahd 3enl 298 TRlids TiRedarpi 0g paclions,arg disposed

or |located at” regul ar erval's or extensi ons. nprng portion

el udes o W e el TRt ] 05 0o o od LAy deiiper
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one or nore danpl ng es or a S agal I'IS% ap tion
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mass effectively attenuate e vibratton cause opped.

R .
\ from the axis.

In the apparatus of JP-A 62-54878, JP-A 64-48277 and JP-A
4~64979, the damper is provided at the tip portion or the middle
portion of the arm or on the bobbin of the voice coil.
Consequently, with the conventional damping structures,
damping is effected in a particular direction at a distance from
the axis of rotation. Thus, the damping effect is different
with the directions from the axis and is not effective and

( sufficlent. Further, the structure in which the damper is
provided at the tip portion or the middle portion of the arm
or in the voice coil has a problem that vibration of the head
may be amplified depending on the natural frequency of the
combination of the damper and the arm (since the arm has
elasticity and the combination of the damper and the arm has

a natural frequency). Many hard disk drive has a pluxality of

heads and arms for reading and writing data on a plurality of



is connected with the armto nove or pivot integrally therewith [ n angul ar
.direction. As an alternation, the danmping ' ( nechani sm may be1dLMMNMﬂMBth
other portion of the hear carrying armdriving nechanismso far as the
danper is coupled with or associ ated m%th a part novable with the arm and

t he danpi ng sections or elenents are arranged to circularly at regul ar
intervals or extensions. As to the regularity of the arrangenent, the

danpi ng sec}jons or el enment s, may

preferably arranged at _the sane or, equal
interval s omakd BASKSMOMRLE #7nd stp&n(érlre %te‘?;’f' o&g’tﬁ‘éc Pt/ i%ﬁ\?e?ﬁ’? R,
one or nore spherical or ball.-sh danpi mass_or sses J commpdat ed
'n each of EeRCHOHAG CAPTERSEE Rl TP LRE SR VL ORI T R DF L8R Frdr oG
recesses such that the danpipg, mans rolls in_and collides against the I
of the comp& it T™n e’&%@‘%ﬂgbn%bg’b?ﬁeiﬁ% QF Brany cm%‘ﬁ?ee%sp@%al
or ball shape of the danping mass nakes the latter unstable in the
conpartnentQﬂsq%mess so that the danping nechanismis responsive to even
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an enbodi nen sent 1 nvemnmtion) the“circlée o conpartnenfs 1s two
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Anot her circle of conpartient nay be coup e sleeve. A partition

bet h xagl ; f{ &y { i { b
etween eac Aa&éﬁgggasceag%&% éxtagguglae%_w&'aﬂgwﬁartqw bf%thlelt?%ggéw

vi bration energy ectiv npi hg NaSs or nmasses co

agai nst the pantidd,on. e Wnd Mletldrdleds baBoaimkh@Ubd She WNUS 59 1RYOHE (N
each conpartnent with or without the danping nass nenber to effectuate

danpi ng. Acqidligih ft0 ke exeeradinBialkfack NendlAHY RY @RSSASSTAY DEnexr
supported, sustained or suspended by a spring or resilient rod on a hol ding

menber whi clyyrsadegbhatrallgt £2a®ing Bha &easfa) shpfacs ofpind shdfkor nrhé an
enbodi nent of the invention, resilient or elastic rods, as collision

menbers, ar amparisbiudedda HagsiteL by ek adssagpdEdodid inpeingsrfnde
provi ded on a holding plate such that they swing on the plate and the rod
and spring of the sleeve. The damper alsoc includes a damping member

( coupled to the damping material within the sleeve.

In the damper structure disclosed by the above USP, one
cylindrical damping member (i.e. a damping mass) is disposed
movably around the shaft and is held by two damping materials
(presumably made of viscoelastic material) in order to attach
the damping member to the inner surface of the sleeve. Andthese

two damping materials are symmetrically arranged with respect

to the axis of the shaft. Such a damping structure cannot



collide each other. BRI EF DESCRI PTI ON OF THE DRAW NGS O her and fupt her

‘obj ects, features, and advantages$ of the invention will be nore eﬁ?l JUNt 2003
fromthe follow ng detail ed description taken with reference to the

drawi ngs wherein: ( Fig. 1 is a schematjc vertical sectional view of a
bearing device for a disk drive according to an enbodi ment of the present

I nvention; Fig. 2 is a partial enlarged vertical sectional view of the

beari ng devi 0oL 4 i sk | o] ' [ ..FLg. 3 1is a horizontal
secti onal visceivva% ¢4 arrtgjé %g?%xg?ﬁgh%ﬂﬁgg?{;ngila%%g&ég‘shown in Fig. 1; Fig. 4
I's a devel oped sectional view of the danper 8 taken along a line A4-A4d in

Fig. 3; Fig. 5 is a devel oped sectional view of a part of a hol ding nenber

14 accordin Iﬁﬂ?@.?t r ' f the invention; Fig. 6 is a partial
195 Lt e hol Tﬁﬁbmﬁ?yﬁ

plan view of ing nme Shown in Fig. 55 Fig. 7 is a developed
oot et e Ao e Bl BB RUETL e, 1 1
| nvent 503 | prbvAde s SEPihG ddtcdsbE A FaLsSREL] Uil YERYRLvALy
attenuate vibration of a pivoting member when it is stopped.
It is another object of the present invention to provide
a well balanced damping device for effectively damping
( vibration of an actuator arm for a storage disk drive device.
It is yet another object of the present invention t¢ provide
a highly responsive data read/write device for a computer.
It is further object of the present invention to provide
a data access mechanism in which an arm carrying data read/write
head is stopped with a short vibration attenuating time even
if the arm is driven at high speed.
It is still further object of the present invention to
provide a data storage device in which data access time is short.
(" To attain the above mentioned objects, a damping
mechanism according to one aspect of the present invention,
comprises a plurality of, preferably more than two, damping
portions circumferentially arranged around an axis of rotation
of an arm which carries a head for read or write data on a disk
shaped data storage media. The damping portions are disposed

or located at regular intervals or extensions. Each damping

portion includes a holding section that movably holds or



according to anot her enbodi nent of the invention: Fig. 10 is a vertical

sectional view of a bearing device according to still another enbodi nent of
the invention: Fig. 11 is a horizontal sectional view of a darrpdxz RN Zuus
according to still another enbodi nent the invention; Fig. 12 is a

partial perspective view of the hol di ng nenber of the enbodi nent shown in
Fi.g. 11; Fig. 13 is a vertical sectional view of the bearing device
according to _further enbodi nent oﬁ;& t he inventi hemat i c

per spect i ve IHRRP 01° LHedd 19 M Hevi% &3t o |cﬁghgoté§nle$?ﬁgﬁf? fit °5f t he
Vibrati on oRHi 804RRE4BorE Pe YA BBR S B e P o GRS Sh L AR ude
o a hor | zomSaedd RTATSIP R RenrAP LS AR S EERGCARESY P perbehe
of & hol di ng oD AR SR hG R yHES R 167 SRRRAGront of the
Fg. 16 Fig. 20 T Hruling BRRROBREILY CHRIGhAR D BH IR MO CHer 1h
B S A A S pffnil
is connected with the arm to move or pivot integrally therewith
in angular direction. As an alternation, the damping
( mechanismmay be coupled with other portion of the hear carrying
arm driving mechanism so far as the damper is coupled with or
associated with a part movable with the arm and the damping
sections or elements are arranged to circularly at regular
intervals or extensions. As to the reqularity of the
arrangement, the damping sections or elements may preferably
arranged at the same or equal intervals or extension.
According to an aspect of the present invention, one or
more spherical or ball-shape damping mass or masses is
( accommodated in each of circularly arranged sector-shape
compartments or cylindrical recesses such that the damping
mass rolls in and collides against the wall of the compartment
or recess to absorb the vibration energy. The spherical or
ball shape of the damping mass makes the latter unstable in
the compartment or recess so that the damping mechanism is

responsive to even small amplitude vibration and attenuate the

vibration effectively in a short time. The recess may be



t he bearing device shown in Fig. 20; Fig. 22 is a schematic enlarged plan
view of a part of a hol ding nenber shown in Fig. 21; Fig. 23 is aqé‘ﬂ}aeﬁ
vertical sectional view of each recess shown in Fig. 22; Fig. 24 N
schematic illustration show ng geonetrgc relationship of the recess, and a
‘movi ng body: Figs. 25A and 25B are schematic illustrations show ng the
noverment of a nmoving body in a space of the recess; Fig. 26 is a vertical

sectional Vi-gyaogs oy Apidle 43—3% 6R s BB@tEﬁCtedsEnﬁggtgz%nééal%lesﬁgggmiC

il lustration Show ng a recess

Peores: ! pigbRo8 F&'a%‘n@%r%rdém@ﬁ%%v. oS @kfb%{%?.‘*he Sehpl e
27, Fig. 29?13%%&&3?&;&&;&%&%&%0&& sgééad rvtehecr %%&L 3588

structure o g nenber according to &ano er enb mant

{nvention: Fig 34 ishet (fiddddled Sl dlidlent LW th%k%%c SR gg%fxs'-x" '

Fig. 29; Fig. 31 is a perspective view o0 ngrre

bearing devlﬁgﬁpag%g{e%ﬂlghﬁgey% fslérrr{éﬂ'?:ﬁ.r‘éfﬁw eé??&tfné)loﬁ Qﬁt'?xr Sggﬁ}]oethmiZ

i nventi on; vertical ‘sectiona recess o
T~~~ Z00S  and arranged side-by-side to make a circle that is concentric

with the axis of rotation of the arm. With thils structure,
damping is effectuated evenly around the axis of rotation. The
( conpartments may be integrally coupled with a sleeve which is
supported by a stationary shaft through a pair of ball bearings.
The circle of the compartments may be disposed between the
ball bearings. In an embodiment of the present invention, the
clrcle of compartments is two in number and two circles of
compartments are aligned in axial direction. Another cixcle
of compartment may be coupled with the sleeve. A partition
between each adjacent compartments may be flexible or

resilient to absorb vibration energy effectively when the
( . damping mass or masses collides against the partition. Fluid
material such as liquid or granules may be in each compartment
with or without the damping mass member to effectuate damping.
According to another embodiments, the damping masses may
be supported, sustained or suspended by a spring or resilient
rod on a holding member which may be flat plate or in a recess.

In a simplified form of an embodiment of the invention,

resllient or elastic rods, as collision members, are



12 hol di ng nmenber shown in Fig. 31; Fig. 33 shows operation of the noving
body in the enbodi mnent shown in ‘Fig.' 32; Fig. 34 is a graph show pg N . 200:
vibration characteristic of the noving body shown in Fig. 33; Fig. ‘:L;% I%Ué
vertical sectional view show ng a nodification of noving body supporting
structure; Fig. 36 is a schematic i1ludtration showi ng operation of ( _ the
nmovi ng body shown in Fig. 35; Fig. 37 is a vertical sectional view of
further nodification of the noving body supporting structure; Fig., K 38

i | | ust r at eFSSRAH T EH- B SERE LRSFEChY b RP RGRrA R PRy 1dsd: oxgh ggng a
schematic vertical sectional view show ng another nodification regarding

t he novi ngPd@he sHich. théti%h%tys%ﬁé“fﬁapi"ctg?Iﬂﬁ%ﬁpént%é\ﬁiqﬁanfihépéfségat i on
of noving bodies of the enbodi nrent shown in Fig. 39; Fig. 41 is a partial
sectional @oddiste RarthR¥h9Brt according to yet another enbodi ment of the
I nvention Fig. 42 is a perapactive view show ng a hol di ng nenber accordi ng

to still another enbodi nent of the invention; and Fig. 43 illustrates a set
of a collision piece and a spring shown in Fig. 42. DETAI LED DESCRI PTI ON OF
THE PREFERRE3 QRAFEION OF THE DRAWINGS

Other and further objects, features, and advantages of
the invention will be more explicit fromthe following détailed
descfiption taken with reference to the drawings wherein:

( Fig. 1 is a schematic vertical sectional view of a bearing
device for a disk drive according to an embodiment of the
present invention:

Fig. 2 is a partial enlarged vertical sectional view of
the bearing device for a disk drive shown in Fig. 1;

Fig. 3 is a horizontal sectional view of damper part of
the bearing device shown in Fig. 1l:

Fig. 4 is a developed sactional view of the damper 8 taken
along a line A4-A4 in Fig. 3;

( Fig. S 13 a developed sectional view of a part of a holding
member 14 according to another embodiment of the invention:;

Fig. 6 is a partial plan view of the holding member 14
shown in Fig. 5;

Fig. 7 is a developed sectional view of a part of another
embodiment of the invention;

Fig. B is a developed sectional view of a part of still

another embodiment of the invention;



~ 2 JUN 2Uii3 13 Now referring to the drawi ngs, preferred enbodi nents of
the invention are described below First, a first group of the T?b ﬂing&hf
of the invention will be described with reference to Figs. 1 th ug N1

Fig. 1is asinplified vertical sectippal view of a beating device 1 for a
.di sk drive according to an enbodi nent “0of the present invention. This
bearing device 1 for a disk' drive, which can also be referred to as a

pi vot bearing captridge, ( i ncl udes a f.i xed shaft fixed.to chassis 2
01 e di sk dr bve BbBaracts HE T iSdegechPhad AbFY S Sred ™, SR Sihart
t hrough a pair of beafi extends _vertically fromthe

d 7, Th f
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b i 6 b j f \ t f t i h
Dhe e st et ofkondd £t A AFE AT B IR 1 YRIF R RS nU RSTaDSERERGE 100
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I j ecti 2 q '
2“”” ar_proj ec '915.‘%&91?% dﬁgie?'ﬂﬁ%ﬁrs d&'t?P@rﬁél Y% §P§g€£§l§‘ercu Fovice

rojection 29 pro t's radi y I nwar romthe 1nsi rentia

surface of F;Iﬁgéogﬁf%g&:t - FL0En8R K BEASHBRR" be LRE :'?’Rviextﬁt(i)'?ﬁ'ied to the

sl eeve 4, orizontal sectional view of par each danper ( 8,
and Fig. 4 is a el | | Vi daner, q%gﬁde
circunferential gg?fiﬁgq%iﬁgﬁ%a- 4-*%k%¥E%E§E&%%he daﬁgg? as %83%ﬁ3

bodies 13 whig cé%essmgﬁ%gg&%is eRbB8dYRERENGEMBRS 1nvBRL PBNE NG bodies 13

are respectively acconmoda in conpartnents 17 fornmed on an annul ar

hol di ng menber 14; y§achsAOXHH01BRAY rd3gkaphBakhothAgedarpsnbestcal in this
enbodi nent, novi ng” bodi es 13 have the Sane in shape with each other. The

out si de cireupéenestbatisur faseatdonf okha bokdveg nmember 14 is fixed to the
inside circunferential surface of the sleeve 4.

Fig. 16 is a comparative graph showing an amplitude
characteristic of the embodiment relating to Figs. 15A and 15B;

Fig. 17 is a horizontal sectional view of a holding member
14b according to a further embodiment of the invention:

Flg. 18 is a horizontal sectional view of a holding member
l4c according to yet another embodiment of the invention;

Fig. 19 1s a perspective view of the holding member shown
in Fig. 18;

Fig. 20 is an enlarged vertical sectional view of a further

modified bearing device for a disk drive shown in Fig. 1;

Fig. 21 is a horlzontal sectional view of a damper for



The hol di ng nmenber 14 may be made of netal such as iron or a synthetic
resin material, and is rigid. The hol ding nenber 14 has an acconmopdati on
structure 18 having a plurality of conpartnments 17 which axe sep]aQaggﬂ Qﬂ@m
each other by partition walls 7,6, extend in the circunferential direction,
and are open on the top. The hol di ng er 14 has the partition walls 16,
an inner circunferential wall 19, an outer circunferential wall 20, and a
bott om portjan i : 7 J .V 20 5,partition walls 16 are forned
i ntegrall yghnet H%fjaﬁ:é{'-l:\rﬁrﬁiéer‘ﬂlc%er csuh#é"}enr el%’[ %;gl‘v\éfal’ 19, the outer

circunferenti al |1 20, and t 0 Lgn plyrali

conpartnment 17 ave t e]‘ssa%e sé?fég@%ﬂt& gﬁ??géégeﬁg%ﬂ‘}gﬁ% %agc% ‘e'(,:%)ér(r%gérl; ment
17 acconmmodate sj nal V] ch conpartnent 91 is conposed of
a partitioft ‘v’é&ifﬂf’é Q%r@e;%egrl{%r?g&%f%%éntéﬁél wal | 19, an outer
circunferential | 8 I f t I , di ng
menber 14 has a piUr z%%lotlys 0 % %rré é&rggggi?%;egg%?f%%fe’?v%ﬂ %ﬁeet I's

enbodi nent ) ¢ ar ts. 9 r ed in the circunferential direction
EpG O e Sy [ %%

appr oxi mat € sane ‘extension. Each danping portion 92 is conposed

of the conpart 9 t he | . efare,. t upper
and | ower rrgarrpg‘r%q@ i 22 %ﬁgsvi%eﬁmé%i&aé) %q'hir“:a%?tlrta}qg?’ gﬁg’ilﬁgaygfﬁe&é%gzpp

whi ch j j ti [ : t the axis 5
Appr oxi mat SPy SRy O CAS R B BT RS S Movabie in

the circunf ereﬁtﬁigsdeé'sh 4 9Bp gd Rehanaes LA LhSNARA ors shewihgsteand, the

di stance between surfaces 9 adj acent partition walls is lNarger than

the di anet gpQfette JPU HLPAdY - bR N if ARYEIERE ikheSe@lc¥sd;n hori zontal

éecti on. The outer surface 22 of tHe inner circunferential wall 19 and the
inner surface 2%i¢f e QUtLIvOH HT eRiMiicia IWalilew? Ghdk@ ngyld ndri cal and

concentric with each other with respect to the axis 5 . Surfaces 90 on both

si des of eggliRalddtiid JRl¢hd brsxdyd substantially in radial direction.
| deal ly, the surfaces 90 should extend radially 1 2J ~J N 2003 16 such

that their extergigns7respesthephyicniBnsadatdith shbrihg teVeyEsnsiipm t he
practical view point, the surfaces 90 may be parallel with each other and
W th a verbifcalpedd S8 senbeidygodydndl 4 priojaetilea fuiasholdiagrmetied
interval between the surface 22 and the surface 23 which formthe spaces 17
is larger thlpnaddijaretss Dirtgesh maudfigdrddn b2 theereicess,; each noving
body 13 can snoothly nove in the circunferential direction and in the

radi al directioFign 2heisssveirstiedlspauridnal vi€r takémr@damical inewerent of

t he novi ng bodi es 13 absorbs circunferential vibration energy of the sleeve
4 about thensiFdkt. 27:and radi al novenment of the noving bodies 13 absorbs
radial vibration energy of the sleeve 4) The inner or upper surfaces 24 of
t he bottom port iFdig.229ar % apelaeddilostaationtdfeast sl b funthes medified al
while the bearing device 1 of this enbodinent is in use. However, the

bgari ng deviecess oftuudtyizanwili ndmlding membesd agicorddng &6 Sngtheirng
inclined froma vertical |line or extending horizontally. The danpers 8 as
descri bed shbedimentsiivEne myntionihr ough 4 absorb vibration energy by
friction as the noving bodies 13 nove in the damping portions 92. The
friction is suckige Y Iih@ rYextisn SFFtdiondd MiEdt itakoBePROR? tH®enovi ng
bodies 13 and the inside wall surfaces of the holding portions 91, that i5s)
the side st#rfaded A0 Eig. A7 90 and the top surfaces 24.

Fig, 31 is a perspective view of a holding member used
for a bearing device according to yet further embodiment of
the present invention;

Fig. 32 is a vertical sectional view of a recess of tha



In addi tion, the danpers 8 absorb the vibration energy by collision energy
as the noving bodies 13 collide against the 12 ~~ ~ 200 minside wall
surfaces. This will be described below in nore detail. Wen theldl g&¥e2803 s
vibrating in the circunferential diregtjon, the noving bodies 13 roll on

t he upper surfaces 24 of the bottom portion 21 and the novenents of the
movi ng bodi es 13 dissipate the vibration energy of the sleeve 4. The noving

bodi es 13 also. slide on the top surface 24 of the bottom portion 21 and
cont act th39¥ﬂﬁQﬁa@ﬁﬁ?%ﬁe§?°?ﬁa?niE}gth l&ide surfaces ( 22 and 23 and the

upper surfaces 29, angd_resulting friction_force dissipates the vibration
energy. The novi bog?egﬁfgsnﬁ 358¥§98e°5g§?$§?°%k93i ?gﬁ %&I?§616,
specifically,.the side surfaces 90, agg_inpacts of such collisions serve as
force that%ﬁh%§§%?qmesPﬂgPt?ﬁ gfgf ggéleeve 4 and hence the inpacts

tribute t t oppi f ci nf tial i i th I 4. _Si
fhe danpi ng por ti RS % Wi rOFENS TR A8 =Rk S SBRERRG STABEaE B
ener gy, arg?g%raqﬁgﬂqgﬁoéygﬁglrcunfegentl _direction with substantially

sanme ext ensith ™} PFBnl i *&9- t £ vibration in the
Uibration in radiif - ots bt BnvBrEiraLep et ST AL SRS by ¢ he
i et ons RGP B PREE PPy R ERBER Y I ST T ERtes among
Vibration, Furt i See PRSI NadrateTo B A d SR s, ©

girections, e ﬁgyﬁﬁﬁng%%gnsﬁgwﬁhgnsbggye3§_in radi al directions can be
as the 3

bsorbed eftfective novi ng bodr es nove on the upper surfaces 24

or the side surfages gﬁ)fg %?b&r@§ﬁ59|££ﬁfiéﬁﬁﬂrV§%ﬁ¥§ESfQPt§§£faces 22 and

23. Resulting attenuation effects have only snall erences 1 n directions
and hence ey 6fif @0t %8 o AStRe RIFLhG AL BRPVE: FROLE PoLd
enbodinent,%?%ﬁﬁﬁ%ﬁ%ty %?SHDSing %ogﬁégggﬁﬂﬁgi e acé%ﬁnndé%ed in each

space 17 as show py JHa DL+ L€es Nofd it ioh dRdehe thHBigsbsggesh%’;;”?,

circunferential vibration occurs 1n the sleeve 4, the noving di es
col I'ide wi tiiy egeh ofher and such collisions also dissipate the vibration
energy. Fig. 5 1is a sectional view of a portion of a holding nenber 14

according to anagtjiier rhodi srsdhaad e viereseal s8¥enbhan. viBwssrsbodgENt
is simlar in its basic structure to the above-descri bed enbodi nents shown

in Figs. 1ahniothegh mbdifitcibios orpgacdisg ofhd hisrianthasbdyent correspondi ng
to those of the enbodi ment shown in Figs. 1 through 4 are given the sane
Fig. 40 is a schematic illustration showing the operation
of moving bodles of the embodiment shown in Fig. 39;
( Fig. 41 is a partial sectional view of a damper part
according to yet another embodiment of the invention;
Fig. 42 is a perspective view showing a holding member
according to still another embodiment of the invention; and

Fig. 43 illustrates a set of a collision piece and a spring

shown in Fig. 42.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



reference synbols as those of the latter. Fig. 5 is a sane Ki nd?gf mﬁ\gf a
-Fig. 4. Fig. 6 is a partial plan view of each danper 8 of the e odi {"U f
Frg. 5. Asignificant feature of this enbodinent is that partition walls
16a are flexible or deformable in cir erential direction in the
‘accommodat i on space 18 of the hol ding nber 14. The base portion of each
partition wall 16a extends fromand is integral with the upper surface 24
of the bottomposrtion 21. Gaps 49.and 50.,are forngd ~ 2~ U~~~ 2003 19
bet ween one si d&'°¥f *& c?rFr&zﬂ‘flscﬁ %ﬁ’%gtrlawiéﬁsanBFgfﬁér%%t%?b%%’r’?‘%ﬁEso‘??t he
inner circupferential, wall 19, and hetyween the other side of the partition
wal | and tﬁgei m#%m&&%fd%%%rﬁ?ﬁﬁ%%um erential wall 20. The

1019110 TEToer 4 g TS gL ERbl L e TRl 8K, eI
causes. hevid Y BETUESLERR (11 /26 R4Sl i Ak nTAO R QAT on
e par (111 on b 16e L BEt 150 SRENAERL SR YD RSP e 7 HEFS ned,
N

ci rcunferenti al

i hratiqn energy .of .the.sl eeve,4 eyep nore_ effjciently. The
ot her struBFﬁF&g\éaﬁ&V %r’ar}'on or lbﬁl‘a§igﬁb§8?’flr8ﬁtYaggrtﬁedﬁ%e%ﬁ&vfahose of
t he enbodi nent.s sh in Ei h 4. Fig. LS. a.parti vieyt i cal
secti onal é\'/:v%ofc a&mﬁﬁscar?ﬁgrs]reer%%}n%%%iq%erﬁs S Pﬁﬁ’g p#’gggﬁ' Ef rﬁ:\??rﬁﬁiéée’T hi s
nmbodi nent | iyl ar h odi 0 pn Fi.gs thr '
gubstance éégég‘td@tshg Jsg‘g'rgﬁtgt %nggf geg%%;%:l%pwéﬁ%grsﬁgo% éﬁ.QT‘giejggo%) hent s
of this e ' cqrr ' t Aegedl, ¢ | h ' i gs.
1-throughngggrhgggﬁl\fe%hqﬁ}o%;l%e%efgr%nce é)aﬁbglrﬁgpgs@%%og?tgfﬁt %\gﬂlfa t{r.
.The signi f] eat ur. f i ) ety IS t i ' tored in
each her netclﬁgghg% d %ag.r“]) OL%HZBOQH% seatde 'spgfé‘% %;Hf'hg %?EF@‘%S may be
liquid sucheas; » £ 5ok] GHE B Q »t hep) d g@‘p{ VARLTe aTeTelV] e
i nrer sed ine?Eé\ﬁ?FE?’df?g An annu Evz;srj' I izd glr‘lll%:(lgg\;]ér p afgézﬁs atti@h@% to
the. top of ¢hhesRRkei NG BResplet foSaAl akiS SOIBRIARILAN SPRES Meatde
chanber 18 and prevent the fluids 25 fromspilling out of the spaces 17.
Wth this siregiHscarSBRIcHENEHLNED Vi RIS 10 eABHBKrkSE aDsO ek (B £
efficiently by the contact of the outside surfaces of the noving bodies 13
with the fbatdeen thebeaddnigics MpETEB avdoleL bbunderafti ol tvid rexaicas 17.
The partition walls 16 nmay be resiliently flexible or deformable |ike the
partition gakkgylod thewsligevwd gs. 5 and 6. As another embodi ment of the
present invention, the fluid 25 my be a powder rather than the
above- descri bedFligqu? ds an enlarged seetdonaltwier of parpiod vhe beamlarg This
enbodi ment can provide the sanme advantages as in the case of using the -

I 'g:t:])ui d as daeitkulldfdb. aFddsk38driva shownonal Figewl of Tihar tbecriyves i her
enbodi nent of the present invention. This enbodinent is simlar to the
enbodi nent ashahh beafing whiohshdstamdaner epret Bef Sxedidtarthefougacide
danpi ng portion 92. Conponents of this enbodi nent corresponding to those of
t he enbodi pencunfierantaalki gurfageeofithen shhétshman eiteantace yfixwed tas
those of the latter. In this enbodinment, only a fluid 25 is stored in each
her et i cal tie stasédespassurfenentialnsurfgcoody thej sleevei dedanthe fl uid
25 may be a liquid as described above, a powder, or 1 2 JUN 20u3
plurality of balls 11 interposed between the inner ring 9 and

the outer ring 10. The bearing 6 can bear radial force and
thrust force. The other bearing 7 has the same structure as

the bearing 6.



21 a mxture of a liquid and a powder. with this structure o e j
< portion 92, the fluid 25 instead of the danping nmass is held iﬁqugﬂ$BMBg
conpartnment 91 of the holding nenber 14 90 that vibration energy as

menti oned above is absorbed efficiently as the fluids 25 nove in the
-respective spaces 17. Fig. 9 is an enlarged sectional view of bearing
structure according to a further enbodi nent of the present invention. This

mbodi i | h nbodi el h in Figs.,.l ough 4
Che structure of Ena-MERAE © TAPSHUOA R TRASSLPE RIS s out of de
di h [ ; ral, wall 20 of hq| di nber, 14 of
cach danper"8 T8 SEPPEE Ry EhEERE AR AfbEL=01L R Fhsi dF EPPEOBAGH
f f,th I . dh i i al | I 20 and the b
port 1 on 21261 CRRCIREPRF RGP ruHh - E 7 SR e HARD T & 1t BROHF KA ho

mterial V%E%‘?%ﬁ%é‘ﬁﬁ?%%‘fﬁ%%%”?%? eri‘-:nr% ff??ﬁi’;’éﬂ% Rt it ?@% o
rial, i ki
i"ﬁ%i i ned sa‘ésaéggﬁa%@?;%%@ﬁ%% S TYer 2P %&%‘%@?\%‘3&%‘5%% er
31-33..T | 4 wWhi ' .
R e Rl e R R s W

other . In_this_arr nt of the hol ding nenbers, vibration.caused to one
hol di ng neﬁge?ﬁf4s%%%vi”?dtion of the arm and/or novenents of the danping

s S " TS L iy B
rher s Lisc 8 ReE!ha) X AUROL S Ut OR8N o< L ok U N0

hol di ng meghgps ééi%%ﬁ&%’r&ﬂﬂ%ﬁﬁ@i%%%efﬂ?—iﬂ 1af ride 35! BRY Yathpekhe

buf fer nmenbers”31-33 allow the hol ding e to nove in the verti cal

direction ahehbvag'Bodiies 1adiRlclibapbkelve it s ROERRDLhG MRS L0 { Ne
I Vi no

axis 5. This nakes 1t possible to absor ration energy ohly in the

vertical dihgChboRnBUbodldsa ¥ afiedlredpeetliv@ly EbBomhdahtea RArtial
vertical sectional view of yet another enbodi nent of the present invention.
Thi s enbodigRphrimesicdi 121 £62mbACoR HP GindRNL rSHOVAI hE HédiSer 114 hr @d@h 4 in
substance, except the structure of each danmping portion 92. Conponents of
this enbodhaehgIPsdeSIPNG,NBalo-6HapE ¥ sphe radhediNaiii Piembioddimehtt,hr ough
9 are given the sane reference synbols as those of the latter. In this
enbodi mrentmeeipgubediey D8 Wavenghdodings ih3shipesibtkeshdcn aiteercol e i n
the vertical direction in each inner space 1? of the holding nenber 14. In
t hi s mannesutshdg abrvecugfepdneial sumfadee 18cedmindabvdding meber rinkrisspace
17 so that collisions between those noving bodies 13 absorb vibration
energy of fhred| bevthd. ifihddet bircunfecentibsl curfface ethddiem®ieeare 4t.he
same as in the enbodi ment of Figs. 1 through 4. Fig. 11 is a horizontal
sectional Viikevihdlgbng foember birinedl lentmade cfiemgtabenich meenttiamorFieg. 12
iS a partial

P synthetic resin material, and is rigid.

The holding member 14 has an accommodation structure 18
having a plurality of compartments 17 which are separated from
each other by partition walls 16, extend in the circumferential
direction, and are open on the top. The holding member 14 has
the partition walls 16, an inner circumferential wall 19, an

outer circumfexential wall 20, and 2 bottom portion 21. The



~12 sup 2003 23 perspective view of a holding member 14 according to this
- enbodi nrent with the noving nenber 37 being shown as being out a
for the conveni ence of explanation. In this enbodi nent, the %2d#ﬁ@

14 has a structure which is simlar t§jthe structure of t he hol di ng nenber
14 shown in Figs. 1 through 4. In thisenbodi nent, a noving body 37 is
sector-shaped in horizontal cross section, long in C|rcunferent|al
direction and short in radi dlrectlon I.n _other words, the noving body 37
is of the sEéEElﬁé"‘a"- PRddtS 315 & qu\ﬁ@:ﬁr\tﬁaélallYTHéthD§hﬁg1-58&? 37 is
acconmodat ed i n each space 17 to be novable in the circunferenti al
di rection. E&EﬁuﬂﬁﬁFﬁ§tB@Gyw3#l Ehg Qufsmedscunferential Wi ldet? oahaped
flat surfaces 95 and 96 which are parallel with each other, two curved
surf aces 97téﬁdb9PFﬂH|EﬁréﬂénbgltheT%ﬁaB%uEﬁl¥?¥uﬂﬁ(ﬁﬂﬂﬂﬁrﬁmﬂRRH%W|h?
cylindrical surfaces having the axis _of the shaft as a center
respectivel §h eaﬁém&réléﬁﬁﬁ%ﬁﬁﬁ?qﬁﬁ HEngi a ded 95C§n8°§8ar§ﬁ6nFm67flat end
surfaces 99 and 100 whi ch axe - connecte o.the surfaces 95-98.
surfaces 992&RAMPOHALRS 3t FéE?F‘Sn‘E"Hn?)Iba‘?fgé 13.cshachi SRTBAT W 9&a§§

t hrough the axis of t he cylindr,i cal ces respectjvely_ includin
Sur Taces 07caRROS8Y SR FARCIF Ivnyast 18- @R SHRBAL LAEII ST RA D oo

space 17 in_such a nanner that its bottont urface 96 is in with the
upper surfak8r2an ok ¥ﬁﬁ&?ﬁf@ﬁﬁﬁ ﬁbégnéHE?GfPﬁEFa?gthh&W

resin or rubber i or resili Each bod
frlctlonaII9°EBﬁP&cg§ @Re & gng@hﬂgﬂﬁgrz 4a§§%c?é?ﬂgr%gb Q rface 24 of
the bottom portion t he i nner space frictional tacts
(e outer sUPracersbly thtasdmBrrer g e ey aroamineht) shiPmrbnats

surface 23 8& t he out L _Ci,fcu

ef fecti ?/el y |asr§1-‘?'éﬁ% \;Pbtrré? gtﬁere F@?ngﬁ'ab'ﬁg'z‘% %C%‘Sigg ’%”I“t'é, ? :%t%l ¢ to
i I A T kg B3

9 i i i
t hr oug gﬂ% §§%BS§ |s eg%g Oﬂgd qﬁﬁpe&hggegﬂge,téa?ﬁ§9€tﬁqe

structure. | rren corresponding'to

Qi %*i%wae?ﬁhﬁgépzﬁfw fed with “%%ma%@& HHRIF
are the da Stélﬁnggg 2802 petaigey aboytéafhﬂe@te egf %Péﬂi da'r%%ttm

additional anper spose e upper earlng hat 1s, t he

si de OppOSILEOt;g tﬁé &Jmss Zf?pz(o%ﬁﬁ‘nﬁ'_ﬂeﬂ. uitnThﬁedasmsre@eﬂmaxe@a% t he

i nner surface o e sl eeve The danper 8d includes noving bodies 13 and

a hol di ng ngEBehglheddN3 i Ss Acwariad iW thedclifuRfe OV a PlARAG I in
prevent the nDV|ng bodi es 13 from going out of an accomodati on space 18.

The lid 26 thealdsisdietk d@ sbiaeel DP. PAd tRDs @ind, hehddigitancaderedd s {Haat
in this enbodi nent, the danper 8d is dlsposed above the upper bearing 6

taemake it papsabks BO alfsadyadebtabaghitionowallbeeief feegeyetanFuhkher,

- bottom portion 21 of the holding nenber 14 of the danper 8d is disposed
in close praxamet¥rt 6Ft Rhebmdviing Bodyher Biyh otdnpadiznent)-is 3eSe@d in

m gration of lubricating oil fromthe bearing 6 can be prevented by sealing
oper ati on chotbheordaapesedhionherthy shean shiskack i3z appaiatirmes thus

rormed: circumferential wall 19 and the inner surface 23 of the outer
circumferential wall 20 are cylindrical and concentric with
each other with respect to the axis 5. Surfaces 90 on both sides
of each partition wall 16 extend substantially in radial

direction. 1Ideally, the surfaces 90 should extend radially



In the enbodi nents shown in Figs. 7 through 13, the partition walls Z6 may
. be so configured that they can be noved in the circunferenti a?tzdlmf?w

| ke the partition walls 16a of Figs. 5 and 6. As a further a erJ )
the fluid 2S may be stored in each spﬁge 17 in the manner shown in Fig. 7:
-As anot her enbodi ment of the invention, the partition walls 16 or 16a may
be omtted. Fig. 14 is a schematic perspective view of a head driving
device 39 for.a. disk. dri.ve to which the present. invention. s, applied. A
head asserrﬁlufhﬂz"d‘ﬁ BE‘S\#d%ﬁg?Bsﬁﬁﬁﬁ ﬁ%%é%%tltvoeﬁvnd &38 65t %Qﬁdgﬁ?st%'wri te
data stored_on track%Fon trﬁe sur.face 8I a _di sk:s@apeﬁl re00£di n dium 41
such as a hBPYSIRER. T8 FPQPARCTS SRSt XERENBPEY  ar FRESBY %F%%i 1B %ot or .

The head mbly, 42, d ti d_43 ' | t
for rcadi nGSRRESFL6m BRB GG AOVHE P ehcd dres LR L RNSBF AT LRG|

ttached to_a sl 4 and 19. Ly displ bl.e_about haft 1. Th
ead 43 1 5 FAEANTOLL BT SRR BT LG ZFHLAS AR G oA T TR e Sk race |

[ d.with th h d,gf th . The _driving. '
The ar m 44 Lo BSuSBe PUEEAGH 20 WILRP ECHRIS CPRGSD: F0hD LESARE 450y be
d of i il _gi h h d i f th a4 d
per manent 8 SL AR 12 k’.éécﬂleh%%ﬁ%y%% bida vﬁ#%ﬁérﬁbi%% Jvi 12
Jt! 1~ 20 6. di j . jtiqn. . W, 0f | i on,
the drivi ngoidare Se Ptz BAR RIS Adculinedehli i gl FafERoh g "
i th the hoad 43 el g o0 5l AGS PURtaN LAld o Ao I

radi al direction
of the dis 0 ‘reac esired track. i-on Whi g%'el zldfc'aused by

i gh- d | ' t 4 i

bove. fascr | bed ‘AEPR ARy niv ekl O p R PR e 0 90 R s ng
bove- desc whi'chare att achied: _

posi £ 1 oni G Rera e i RRERETph U dd o Fion @ BB La e ARG

vibration gf LHA PEadadsReulhind2e ool pa; 1001 poalompdoigeat My

be one according to any o odinents o . 1 throu . FIgs. 15A

and 15B shw,Raw gy enaieheati @le \WiiaAld QN Oflﬁlll%nﬁ!reeifeuﬁp@ftﬁﬂ'ﬂéés Fig.

15A shows a characteristi'”C which is obtained en vibration energy iIs

at t enuat ed 2Ryo #5¢ 1) Bt P Portd oty i Cfrd pRirpEnds culd el 6 GHE a%1isN5 tdeg head
driving device 39 for a diSk drive shownin Fig. 14. After the head

assenbly 42srgaehedndadeshitd tHaPeadfind8edisk Abathisn@mbddiméRt is
anplitude of vibration reaches a predetermned low |l evel L1 as an all owabl e

anpl i tude ahtgsea |Rpsevek, athielpddredy ddwilde Ui 68 Hiis itbedhéentideaAl of
residual vibration can be suppressed to a very snmall value. In contrast,
with the cbefugddavion tieyinginG Hatngrintlihmed [fresecat vepyesalobina 4t ne
period W2 shown in Fig. 15H which is taken fromthe tinme t1 when the head
43 extending horizontally.

( The dampers 8 as described above and shown in Figs., 1
through 4 absorb vibration energy by friction as the moving
bodies 13 move in the damping portions 92. The friction is such
as rolling friction and slide friction between the moving bodies
13 and the inside wall surfaces of the holding portions 91, that
is, the side surfaces 22, 23, and 90 and the top surfaces 24,

In addition, the dampers 8 absorb the vibration energy by

collision energy as the moving bodies 13 collide against the



, 12 JUN 203 27 reaches a desired track of the disk 41 to a tine when the
.anplitude reaches the predetermned level L1 is |onger than1t21e %% g\l
shown in Fig. 15A Further, the anplitude A2 of residual vi brat‘1‘ V\/Pu ch is
| arger than the anplitude AZ shown in E}'g. 15A thereafter continues for a
relatively long tine. As such, the dar’?‘pers according to the present

i nvention can effectively absorb circunferential vibration energy of the

sl eeve 4 and hence that of .the head .assenmbly 92. To. aj ch_a_gqQad
char act erigﬂ%’:c{lﬁ 3 nse%‘éﬁ%%?ﬁ-t31‘1’&5334&53\/%&%eeéfgéggé‘ebgé%ﬁagé‘ a%leo u,
an arrplitudc%rat'o v and a coefficient e, etc. The mass ratio u, is a
proportion L8 ass of novi ng bodied in the danper of the present

R
coef fici en{?j&'? Jaorf'gt}:g.tﬁ]&wrvdﬁgo%&gtd gr]i\g?ﬁ%flfm?ﬂ %g‘%bb‘ﬁgggnﬁugﬁgces 24

corr esborcp el s, Beunded b Uhe BLAS ber L 5 s fiomhesbov v
Comnect o0 LA 25t Thes IR LSG o, OCALI B0 A0 e Belzsaegtly
and t he. vaBOHRAaA b O LHE T TG BORY S8 FREF 2h2f he pebiSnByEEfoRo
Conventi ondi® @t FatFarronre Thsi 88 iiasds  Bogkate s EArLIRErakEst e
Spl 1 tude A aPs tppdghe SBber S RREL 2 2 Bh s B YA Ty A LA Brce e
suppr cased FH REEy A R o A e R et he

disk drive cam gealdysbes | BRELYEllon ikl 1o e, SRl ARAUDL Pleife seragd_group
sent 1 nven

of the pre on w be described with reference to Figs. 7.7

through 40._.4 146t sRTDRALMERbaSE s IJ188R WKL 19/AURsOsetHE £ Foaitle tHYENT I ON
wi |l be described below with reference to Figs. 17 through 24. This .
embodi ment d Se i | Ba t hd PeiaboyerHESS1bbed erdiadingide Shwningadty. 3 in
basi ¢ configuration. Conponents of this enbodi nent corresponding to the

conponent s Qfn A, @HD0gdh BEspRingi 8f &ipéempe ¥t 1dle widiat ESrerencgheynbol s
as those of the latter. Fig. 17 is an enlarged sectional view of a portion

of a beari ngy &evd @6 lshakeatHeSkaising poktidne 92 whaighehav8 steuventesal |y
arranged in juxtaposed nmanner in the sanme way as that of the enbodi nent
shown i n Fifhr Babsaebit@npebr8thes energyg, bark escddhged dam wmnul ar or ring
shape hol di ng nenber 14b. Each noving body 13 is, for exanple, spherical in
t hi s enbodidirdumberéntei pl Watecyiol wih mpbstadntdallyhasnet axtenabobhape.
The outside circunferential surface 15 of the hol ding nmenber 14b is fixed
tq t he i nsigregwlacunflerstiom] Suef adee ofibnetioneénetde Thecunferentiaiber

, ">~ 2 JUN 2003 29 14b may be nmamde of netal such as iron, a synthetic resin
materi al yrdixddieion anfl thersjedverdplarabsosbed effeatiivalyy. recesses 91b,
(e. g., twelve recesses in this enbodinent) are forned in the hol ding
menber 14b to seViteratsien hvhdradipdrdivectitre ofrilicmglesks 405 AlsPe
cylindrical recesses 91b are on an imaginary circle 106 Wiich is concentric
W th the stabsorked hyhdthe Jampilng oot tiare %\M In sddpeten; oviREahkPyss.
The recesses 91b are arranged at substantially equal intervals along, the

i magi nary oif ¢ghe sdeeva 4yin madicd dipastions is a&éﬁnﬁé&es‘yeFF'éCFgggag wal |
surface 102b of each recess 91b. That is, the inside wall surfacg 102b of
each recessvidowndazgechi fieranres ampnmhabsorrtien affects o akhedre 5 of
the stationary shaft 3. The cross-sectijons of the wall surfaceg 10%b t aken
per pendi culatignyation effectsin the dirertions of, FARIAKIOR -ar BUERIPSr m
along the axis 105. The space 17b is partitioned by par&i &i Qn wal s 16b. A
si ngl e novi R EhelBovdngcbefingat 2 £3h alae B dm Fpdial directions,




of each recess 91b. A relationship R>r holds where R . _represents the
.radius of the inside wall surface 102b of each recess 91b and r denotes the
radi us of the outer surface of each noving body 13. The di f flet eflie 2883 ween
the radii Rand r is small. The novin odi es 13 have a spherical outer
shape. The noving bodies 13 may be eitter solid or hollow The other
structures of this enbodinent are the sane as that of the above nentioned

nbodi nent hedi 2, 0 Vhen |

vibrates ini ir it She e B8 i iﬂ(?#_wg%d&)?%é%ﬁle_ r a&iﬁ o4 ?%%?Fgﬁd t he

movi ng bodi gg S ; g% the AbLgH s&&g&m{; ae%rag't%'e. thaaet geefagﬁghe.
by absor at is,

respective spaces 1 and can ther the vibration®energy.
he hol di . : . q :
the hol di ”924}%35 ‘&3% Q}BeaQQ:EEQSeHD?G[EEsI bRy Zafcﬁ.g%&%é Ta%t%%n%t 2fR! 89y

portion 92. er structures o s enbo are e same as tﬁat of

170 Since (RETTEr B AhioReaY Y fesonuatioh PeRdppe! FEPE Sk D
about 0. 03 !dife FONN0e DOR €81 10€2ShE Va B el £ |d Ao idh L e
sur%aces 1 F

i nsi de wall en the sleeve 4 vibrates In the circunferentia

di rection about %%% Jréicéfébsﬁti:@ntﬁa_esﬂavé SnaPSURRY b dimsipatd

egficiently by those collisions. The noving bodies 13 may roll or slide in

on the wall M%g;gﬁ{ -1&24&0%9?5 Egé%eyl@’rﬁﬁffeoé BcbbhmbioPal Goehest sphtl the

wal | surfaé%s 1 o circul ate about the axis 18. These circul ating

movement s aj-$Q LOALLA WY SHaM AR Aiblel oA FiyL dBSHPAL | PR f1d ba s, byRehoN

energy. Since the danpi'ng portions 92b for” attenuating such vibration are

3_rranged Cid ORI SNUABIAY PibSabsbANtEAtY 19Rle STBBYYALS, the moving
i xcunferential vibration of the sleeve 4 can be attenuated uniformy and

ef fectivel \hodild NEY , cd 1EL @OV P6h PEFERSodRe £OSHd YsUBY & d L Ikl #lig@ctions
of the sleeve 4 to collide with th inside wall surfaces 102b. Therefore,

when theEﬂdﬁ%ﬁ%ﬁhﬁ@tﬁﬁﬁEﬁﬁﬁf@@iéﬁdéﬁérgyrectiOn, t he novi ng bodi es 13

col l'ide 12 JUN 2a03 31 Wth the inside wall surfaces 102b and can thereby
absorb and di ssipgg e 5t he o adictlionallr alewveagiapt ivff 6€td nellyinkbmembats of
the noving bodies 13 in frictional contact wwth the inside wall surfaces
102b can alisp sdwsardirandoigsityieie enbudiment iof aheaptesentrintvenbtiohn this
manner, vibration of the sleve 4 in the radial direction can be attenuated
ef fecti vel y Thilsh@uatbddmepntdi 4 es onihsr afronit: satHasnica tsitam odfufec tt itthe he
vibration directions. ( _ Fig. 18 is a horizontal sectional view show ng a
hol di ng nerdissve-4ie soridretl egnbicd imesttseshewhaodi Fibgs . df thheughebennd the
invention. This enbodinment is substantially simlar to the enbodi nent of
Fig. 17 exceptpdrents raftthbs odmbod tnent nephee sporgiind iportdmse off tihe
enbodi nent corresponding to the conponents of the enbodi nent shown in Fig.
17 are gi veamharhinmente shawr che eFEg9bol sthroudtvsk are Harthha same 5| so
shown in Fig. 19, each space 17c forned in _the hol ding nmepber 14c has a-
sybst ant i aldSEeBANGRISYERP I9nas L hare ofchie dakded  anfidad 1S Hheepm kingd
sgaces 17c are separated from_each other in the circunferential direction
by partiti G WaeWsagdddEdch Epdeed fAcaaficlahRars YiEY /E PGPSR ECE On
by a cut 107, which is a,significant feature of ,the enbadi nent shown in
Fig. 1B EdfcRIsfher PRRPAABENSg B0y 913 s HisdgBd fdRaphetBRbEr®sQF fHES 24 of

the bottom portjon 21 and accomobdated in th associateq s e 17c. In the
enbodi ment SRR Gy Shat PREGSCIER ‘\’/#Jc%giqsﬁ arfe WA oF

deformable in circumferential direction in the accommodation
space 18 of the holding member 14. The base portion of each
partition wall 16a extends from and is integral with the upper

surface 24 of the bottom portion 21. Gaps 49 and 50 are formed



1 2J U9~ 2003 32 the cuts 107, the noving bodies 13 nove in a | arge
extent also in the radial direction in the respective spaces_17c and hence
can al so absorb radial vibration energy of the sleeve 4 anEZeﬂﬂﬁcﬂmEbly.
Since the dinmension of each cut 107 in the circunferential direction is
.smal | er than the outside di aneter of ddch novi ng body 13, the noving bodies
13 do not go out through the cuts Z07. Fig. 20 is a partial enlarged

Zﬁﬁéiﬁ?ﬁ% ﬁ%ee%fé’érp?‘fliﬁﬁ%i%% 5?%%%?%%?9{3;%@%;85%1@%‘%%!“"‘V%ﬂ%%%‘@ﬁ#éz,ﬁzl s
_ _ : _ n rg- 21
Z‘O:H n gzsc’#éfﬁé‘%i‘%s & Lfﬁﬁﬁ%iﬁc%tfa%%%w%fw%ﬁﬁgﬁf.raiﬁ pBteein fnk.

14 i i .Qf, 8 i Ei g. 2Q. ig. 23
i”‘;“l an en alr%\ﬂ%ecgesﬁfftno;# t?%@%%%lzcaoécgsﬁiggﬁ&sg?egin% Y 'ss“_ga#a:%ﬁ o rg'ﬁ?ve
%Z‘é?ﬁeni’ $rees oo eeséifggio%%%a L ?zﬁ?bﬁ%ﬁ%%ﬁ#;‘l&:ﬁfhﬁshee
ir?m za'e”‘;‘{“v; %Lg%@i&'e?\%f %ﬁsk&%%@ﬂ%&“%%@f 2k A S5pEHRRLEEN 1) %%fﬂtb%ts' ?

_ , eice Syl & -
§f f’h'g”‘ézt tfgﬁ?Z%%‘%?ﬁﬁféapfﬁhiéé%%%‘tes%%sbéls?ﬂ%%;%{‘ofﬁé% :’%%Fh%*&a%%sl
t‘ﬁ;”‘g‘;r o et dfcdthdbe " %%aﬁ%%%%é?%%f@% & Seen: ﬁl?%%‘ﬂé%??ﬁ?oé
t _j ectionm nose cot Z _

ITe PeOLer il £rdepePROELAZERC AR BH A Y aas ds 2o b TS T ionl €1 2
B oj ection %{,Ecg\g@fmgeiéiﬁ@ijwe 258 %ﬂ%&%kg%@Q%lﬁbﬂéﬂeM@ Rl

ontact wt rnsrdé wal I~ surtace e recess 91b Tat a position

| ndi cated by, raferanne SuipAngl 1211k Aot Bia i NBENAe it 4RGN G2002Y1 53, | S

hel d in an ‘extrenel’y unstable state in t 1s’in point contact wth

the inside dex?ér kza Wifacs 492%%& sgg Vz\:/@f‘l{]ﬁ.%ﬂt@.@t Aéfbrnl(;écg,Sthae%,aBenegB are

s~,mplifie ustrations show ng e noving body 13 noves in the

space 17 0f;£agl rECASIPLAenVIED &1F 640 67 4 lindcdeRkAbYORNAbBHANEER axi s

5 occurs wt sl eeve 4 and hence in the holding nmenber 14, as shown in

Fig. 25A the povidg kedh £3.308% Q¥ebriheisRess ke Harihe iRokatlisonsdlo as
i ndi cated by arrow i 15 and col|lides against the inside wall surface 102b at

a differentapasits Wi dd8nbsréRei 2 Eh AUt ih ictREgPasy dH& 1kbre Theviapact
of this collision effectively absorbs and dissipates the vibration energy
of the sl eaneréd etAilciidiliyel he\behe gl stotdaimyy bAl othdxra ions @dfcthdsi n
the sleeve 4 Similarly as in the case of the above nentioned enbodi nents,
t he novi ng dmistydiBeri®| 4 e othé heanaside:hvidd Aithacembpdif@htef shhenr éness
91b while fractionally contacting the inside wall surface 102b wth the
novi ng bodyFilgs bel nghrougbi 4t contact with the pro j ection 110 as
indicated by arrow 119 in Fig . 25H . Such rolling novenent of the noving
body 13 al so absBids 7athel adpast bl vertheatisesihifomadirienw ofisfiadtl anothergy of
t he- sl eeve 12 ~u~ 20u3 34 4 and suppress the vibration. Wen the sl eeve 4
vi brat es i remboditient do £ etheonresant vinvant bonendliigys embogdmendoritfed and
di ssipated in the same nanner as it vibrates in the circunferenti al
di rection. sfmilariol the emcdimerdnsibewntineiigs ed thaanghes tivesubstangchodi es
13 are supported in a very unstabl e manner.

except the structure of each damping portion 92. The components

of this embodiment corresponding to those of the embodiment
shown in Figs. 1 through 4 are given the same reference symbols
as those of the latter. The significant feature of this

embodiment is that a fluid 25 is stored in each hermetically



As shown in Fig. 25A, when vibration such as a' circunferential vibration

. about the axis 5 occurs with the ( sleeve 4, the noving body 13 consunes
positional energy as it noves vertically in such a nanner asq ?o gﬂe r the
projection 110. It is necessary to mpimze the vertical disp ag nt D of
-the noving body 13 which is to consun%opositional energy. D~r (1 - cos6)
.7... (1) The angle Ais fornmed by a straight line 121 which connects the
center 120 of fhe noving, body 13 owp jn Fig. 23 and the apex 11l of the
proj ection sﬁ#@\ﬁi TRATS ?'2 poitHR iﬁﬂ@é?mqm q%jlr%’\}idnéuﬁgﬁfslé"%'a
vertical linge 122 assing througf_the (_.center 120, A value of ,the angl e 8
whi ch makesSEF3CeRRI Pt tHaNntAS, 1457 o fRRh BOVilagqRPEYni AeBTPnilRELSe

fol |l ow ng manner.fli—r_ :qs- cos9 ~‘§}1A2'<0' o . ... .. (2 z .'.8¢<
= 0.142 (rad} the flyig 25.1ARARNLIE el id procaver wiakes 265 1 gjtached. ¢ ¢
L (4) the relation hig S, .,obtained. R- r <0Q.142 (5) .. r .. R<
1.142r . SitR&he £9@ 1 &Z{e .°idénﬂ meqbegolq fo sepl the agpopmodgtior 147
(8) is obtained as a,rough range

I n | nequal i . R resents.the
(i miret orofSHAEE (% THE CBRTDSE Therpos Rt it FLbede e FXeB SPakiAda o
represents the outside dianet of the Vi ng body 13 ~ 2r) . Assumn
Lhat D 1 A anE SPASRE by - oy Dot oatss . apoperrentiged "3
To prevent the noving body 13 from gontacting the.top.surfa 24 of the
bot t om port‘f%’?"l’;mﬁ‘_te’?%r%%cg%s%ﬁif%% e %éig(}ﬁﬁeg;glgf Eyhgﬁﬁr SFE%FFSn Z10
satisty a rc% %th'eogxszpzlsgde surfaces of the moving bodies 13 with the fluids

( . 25 and the movement of the fluids 25 in the spaces 17. The
partition walls 16 may be resiliently flexible or deformable
like the partition walls 16a shown in Figs. 5 and 6.

As another embodiment of the pregsent invention, the
fluid 25 may be a powder rather than the above~described liquid,
or even may be a mixture of liquid and powdexr. This embodiment
can provide the same advantages as in the case of using the liquid
as the fluid 25.

Fig. 8 is a sectional view of part of yet another

( embodiment of the present invention. This embodiment is

‘ similar to the embodiment shown in Fig, 7 in substance except
the structure of each damping portion 92. Components of this
embodiment corresponding to those of the embodiment shown in
Fig. 7 are given the same reference symbols as those of the latter.
In this embodiment, only a fluid 25 is stored in each
hermetically sealed space 17 and no moving body 13 is provided.

The fluid 25 may be a liquid as described above, a powder, or



..... (lo) There is a relationship 12J UN 2003 36 .. an 22 d 4
 Considering 1 < a < 1.142 ..... (12) and 0.01 - (13) . ..12(JENudi%n (11)

is nodified as follows: a, =a, xo0o>a, >0. 01 >i e2a~avz2a" ..
That is, > 0.005 . (15) .. .. D The h%hght ~, of the proj action 110 is
determned so as to satisfy Inequality(15) . For exanple, when ~. - 0.05

mmand D- 1.1 nm 0.045 > 0.005,. (26) D"' Fig. 26 is a vertical

Thventon, ek B 2 AL KEL ZRBARY TP TRT SO B B hown
embodt ment ol oa8 RaReL S IR AL LA A AR R Reg e g,
partf cul ar 23 KT 0y Elch; CompeP R el e U 6R SN IRIN o fefhar bl Bsfnthar | on
Form a-pro S an (oo s s BefEIgngl Mitve' 3 {ESRAraha®htioRy be

a part of qjgggﬁig%ﬁsng_ﬂgggegﬁiggel;gggéégf?ﬁggé%ggs3f£to be rotationally

symetri cal e axis 5, and sup ving body 13 at an

Xl T LIk S b UL g o) Ohefd BoBPEbignelige |

I n point contact e novi ng ment, as in

the embodt oo Ry ) &% a il GfioSdimBhE GHTR BBk uBhe WrYidHd Goh eRRLYY O

the sl eeve 4 can ssi pat e I ent IS a

schematic pl aixﬁ%?fisasmmerwftha M&Hmn@ggs\gn&ggrﬁgswﬂhngph pStill

anot her enbodi nent of the present invention, and IS a sectional

¥i ew taken ol Qnd.@e | £RE SeXubPubbdot 2the I&:ﬁﬂuills. efFRedi BRBbdiReREORAS! RON

10b whi ch has a spherical outer shape is smaller In dianeter than the

morni ng bodye iy & it thasbeedige diniyy 8rdeseJuted iptumEbreRtial
wall 20 of the holding member 14 of each damper 8 is smaller
than the diameter of the inside circumferential surface of the
sleeve 4. The outer circumferential wall 20 and the bottom
portion 21 of the holding member 14 of each damper 8 are attached
to the sleeve 4 via O-rings as buffer members 31-33 whic¢h are
made of a resillent material, such as rubber. The outer

circumferential wall 20 and bottom portion 21 of the holding
member 14 of each damper 8 are formed with inclined support faces
34 and 35, respectively, to support the buffer members 31-33.
The holding members 14 which are arranged vertically as seen
in Pig. 9 are supported by the buffer member 32 so as not to
contact each other. 1Inthis arrangement of the holdingmembers,
vibration caused to one holding member 14 by vibration of the
arm and/ox movements of the damping masses, does not directly

affaect vibration of the other, and every holding members can



110 or 110a. The upper surface 24 of the bottom portion 21 is horizontal
-and perpendicular to the axis 5 of the stationary shaft 3.,@ babb g@ﬁf
serving as a projection 110b is acconmpdated in the recess gb o]
nove, under the noving body 13. The prqjection 110b supports the novi ng body
*13 at an unstable state in which the g#%jection 110b is in point contact
wrth the noving body 13 at a single point 200. As in the above enbodi nents,

vl | sur AP R, et T dhe R e BoalN P 1 i o
cirount or e/ S 157 AaR I BT S5 E0 PGB FRPHEH 1 PHSTe. B e 401 %oui ng
curf aces 10BBESEY ¢ <R LHEFRLE wifn, LBY PR o iehe el B o essed
oL o o0t e S Bl T L SR S5O SeEOPILIER (1 05
Ezgsécggr Eii}é:lnge% g% Ifﬂ%esflzéz%% hg'r ple?rtr)]o\é: ﬁ;/svn?f o?a[ Leoror 282:’)1![ d?hcgn{r}agtg?r and
In’ini's embodi mas Huih el WSS R e Roliife shtbea i oo ne
Bott om por Fiegre o R RO Mo Sorl p B5ien g e IR AU ) By pgERRERET 110
111 of ¢ he Bretde Betrpa iz 4o St iup s (TRII AGksl 16 Roddth PRI s
Borti on 370 pReREr ki BRak gort ohendy Hat oY U0L A8 e AR e 0T

formed bet yggn I AE 0] SCEd A &40 | s 125 and 126. An auxiliary noving
body 128 is guigggjg$ the gui de pro}é@tion rails 125 and 126. The auxiliary

nmovi ng body 128 Einia JRgall g gmfai %mtzctagr@uéeﬁm ¢lepk Das Snoplerical

shape which is s l er 1 n dianmeter , 1 N ~"~ 39 than The novi ng body

13. Since feh®ddiinitPIdl afld Prdfht 12PveieidPVerni BagmbBaiReAL €stion 110,
they do not contact the noving body 13. The auxiliary noving body 128 can
move as i ngiigahad Y ikl abdIOmeht lshowel 19 Filgs DA FRr SOFH aGin YibBthRGegui de
projection rails 7.25 and 126. Wereas the noving body 13 can nove on the
i nsi de wal exdepitathel @2ruat urdicmictiDbatipiay pettioh 920 Tonpererdte
projection 110 and than collide against the inside wall surface 102b. In
this mannepf vhbsadmoodimént heorxtesyending tohthosd afrthecatboadimant refli al
directions can be absorbed eff~,ciently and effectively. The auxiliary
novi ng bod¥igal8 tathrokegh dgaresgivéar the isamebhosifedéhcd sgmbby saks ccladxsor bi ng
vi bration energy of the sleeve 4 efficiently. The other structures of this
enbodi nent ofRilys 1a¥%eand 30)tlais egbodiaente 4 heéurslitypdhueningtbadias es of
t he enmbodi nent shown in F~.gs . 20 through 25. A further enbodi nent of the
prosnt i nvédtape sWagked ddeons odupwl dw the Iverdlepdndbreot£ogsin Faathr ough
34, This enbodinent is simlar to the enbodi nent shown in Figs. 1 and 17
t hrough 21inaea shaceckparfeshse boldiing mapbereht &or EhEpdmANnRE £ crarie
conmponents of the enbodi nent shown in Figs. 1 and 17 through 21 are given
the sane rBp¥iagckodiasold may hioascommodatedt ipreadt dnner spagepk! Sfect i ve
view of a hol ding nenber 14b which is provided in each danper 8. Each
danper 8 hEBatrRhllsteredetyanthasemaning heddend Snapderb vibratdam
novi ng body 13 is, for exanple, sgherical in this enbodi nent, and the
energy of the sleeve 4, he other structures of this embodiment

are the same as in the embodiment of Figs. 1 through 4,
Flg. 11 is a horizontal sectional view of yet fuxther

embodiment of the present invention. Fig. 12 is a partial



("12 JUN 2uu~ 40 plural~.ty of noving bodies 13 have the same structure.

. The outside circunferential surface 15 of the hol ding nmenber 14b is Iixed
to the inside circunferential surface of the sleeve 4. The hpRdjdh er
14b may be nade of netal such as ironzgr a synthetic resin faterial, and is
‘rigid. Aplurality of cylindrical recéSses 91b, (e. g., twelve recesses in
this enbodinent) are fornmed in the hol ding nenber 14b to serve as a hol ding

B i i nabsrepPeFEPaoBtER 8 rchebasan Frbbkr i AESeFEERSAEPy TERATT 3 and

LEEstﬁSES?ﬁsWs%@aﬁ?g?@ Xé‘ s %ﬁifﬂ%%éﬂ%ﬁ%?ﬁi ?ﬁﬁ* 1%%%%9{@3.%%8[)?2&'
17b | ' LNS| 02 91b.

?ﬁ:f;iqs, hthé ?ﬁé:cl'%lﬁ%ﬁ%ﬁb?2%%9§s§@ehf%3§%ﬂ%%e%ae§t8%-? 3 i :efhth al axis

105 [ ' . ' iS5 i 3..T

cross-lsgct‘:a@ﬁ?géﬁeflﬁé %%I hég§+§§;§°%§§ @gﬁéﬁggélggﬁ‘%‘éﬁF%rﬁgblfB f‘%ﬁ axi s

105, ' [ ' ' i.s_ 105, .

recese o10° HEEERFORREEE S AENES 7o R oy e f 5 Ret e W EERna

i f h 1b i i ure. 6la of

Syl indri cat . “RESFIRoAr ngf%%%l‘sssa%ﬁ%°§%r?%€9b§%§#?°él‘*{qegbe°?foﬁ‘_ﬂies Pé‘t ?gma h

bther end Baecar PRESES, PhoRatEBRt= 2o Brosd: s e rE S ePovi ng body 13

consti t ut ecguig&ﬂ‘ﬂ?é?g?ﬁ?gdi@&&wﬁ Qﬁapéﬂ&g%ﬁ%cgif&%fi‘s‘ﬁ:e&i%nq hg%@’ 41

the recess cons a danping portion OoWs a Vi bration

getion of 5&%9%&9@5Pﬁ%ﬁfg%éago?f%g%ggftt}(é:is@ﬁréaesjasa%df§%¥:§:ﬁé§ shown

in<Fi g. 33, € novi ng by using nass mo € novi ng

pody 13 angle (i) 130 09 16QRSL AMtn & v P pBRY! 99 18la c iR AREe 81, BAER! ON

6la of the spring 6I“rsS vibrate equency co wth an anplitude xO,

the di stangg, betyPal HRenBRaBIE 2% R0 Cf rodBbb AL IA 48 U 260~ BXch
, sponding to the varitation 1 n distance

moving body 37 has six surfaces, that is, two sector-shaped flat

surfaces 95 and 96 which are parallel with each othexr, two curved
surfaces 97 and 98 which are of the shape of fractions of

concentric cylindrical surfaces having the axis of the shaft

as a center, respectively, and are connected to the surfaces

(" connected to the surf;;es 95~98. The surfaces 99 and 100 are

fractions of planes, respectively, which pass through the axis

of the cylindrical surfaces respectively including the surfaces

97 and 98. The moving body 37 1s accommodated in the associated

space 17 in such a manner that its bottom surface 96 13 in contact

with the upper surface 24. The moving bodies 37 may be made

of metal, synthetic resin or rubber, and may be rigid or

resilient. Each moving body 37 frictionally contacts the



F=k (x0-x) ..... (17) is applied to the mass m and the nass mstarts to
- vibrate. Character x represents the anount or th displacenent, gf the,
m Equation (17) is rewitten as d2x m = k(x0 - x) dt2 d2x mbZ+JUN il xO

dat ..... (18) ..... (19) Eguation (19),,reans that this notion is equival ent
“to vibration which is caused externall'y by force of kx0. The steady-state
sol ution of such a response is as follows: kx0O XOx ~ . (20) an\2~2..

AL SR et ons st B
As | E 2 [
6F the s SERCTaAToa TN AN SPnetieEiohatal FRAtaGhE, B Tildy Hytaed b%%at >
P o 54 3eEpY Thhel ShESMeLantidErush a%F‘?n*%%a%%%sr.s%Pc S he

moving body %h%@""@ak”cﬂ@um?éreﬂ?gl@éﬁ R (#RLs ddfes it possible

to effectively dissipate vibration energy of the sleeve 4.
Fig. 13 is a vertical sectional view of part of yet another
embodiment of the present invention. This embodiment is
similar to the embodiment shown in Figs. 1 through 4 in substarice,
( except additional damper 8d and its associated structure. The
components of this embodiment corresponding to the components
of the embodiments shown in Figs. 1 through 4 are given the same
reference symbols as those of the latter. In this embodiment,
not only are the dampers 8 interposed between the bearings 6
and 7 but also the additional damper 8d is disposed above the
upper bearing 6, that is, on the side opposite to the chassis
2 (see Fig. 1). The damper 8d 1s fixed to the inner surface
of the sleeve 4. The damper 8d includes moving bodies 13 and
( a holding member 14, and is provided with a lid or cover plate
| 26 to prevent the moving bodies 13 from going out of an
accommodation space 18, The lid 26 is attached to the top
portion of the holding member 14. That is, in this embodiment,
the damper 8d is disposed above the upper bearing 6 to make it
possible to absorb vibration energy more effectively. Further,
the bottom portion 21 of the holding member 14 of the damper

8d is disposed in close proximity to the bearing 6, whereby oil



rel ative anplitude between the noving body 13 and the support portion 6la

.is calculated as follows: x - xo =x02-. xo-1 0J2x0. . .. .c¢Cc20p
_€2) ~_Co) It is understood that the relative anplitude vari¢s afN zuold
i ndi cated by broken lines in Fib. 34. Fig. 34, the anplitude of

‘vibration is shown as an absol ute val ue. According to Equation (22), ~ ~
xtx0 steeply increases with c~ in a range of co < a~0. The phase is

' fES. V“T‘E{‘%%‘%ﬁigﬁﬁ?fé%?g%ﬁ%?géég?% 4E§°¥i§f§bﬁ§b§59%%2‘?%&6?;@%&%9?_3 ”
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noves dom“%éx?aﬁétageﬁ”993%#5%&9” 6la noves upward, that is, the nmass m
u ~Te a

noves in s i on may col |l i de against the support portion
6la. That is, i h | ti I s, set I th ~0
so that the movi B Doy STBCRLRPRERs ShRln He: BeSEe T ERF R Ta%oTuery ¢
ily. A i pLi f if t standpoint . th in th b
doscr | pt 1 orBaf & hid et £ I Bay B CEh SRS, chaFor biuer B HEveene
tandpoint th t i i i . .
Towever , 1 (17 2 LR el A MR 1 e T B SR S e o
ivot. Si ' d : [ :
G20 dependi P BTt (g Mic, Be s EhHERRE PERUEIR GRS DAL TIN 25 Rdyency
frequency 50 <10 Lhei AT ESERA! SHAKENL7O8n BRLULIGRe 2 Sndil TBAlCFigal 4L he
natural frequency c~0 of each danper B'Is approximately equal tdo n0 so that
@rge Vibration RccysseHBENCRYELIRRMENOES LABIPhAnt [n ] T EheBLYL PEDon Wien
tthe sl eeve 4 vibrates 1n the circunterentia Irectron and in the radi al

direction, ‘%leg/ipﬁa{,'kogsgsmggﬁbgf bfdcP¥qt he springs 61 and, as a result,
0 i Ul ' i

t he novi ng les 13 vibrate e noving violently. Thereby, even when the

sl eeve 4 slightl i t; [ i i ig 2l Benignsi de
wal | surfaces 10%’6 og?ﬁé??e%g@?gg!%?gbb. h?%l%ag?gbofgtﬁg!?ea cglrlai singns

can stop thgeiseuss efoptd aks aRVEFrERd 1 Wik hkpavprésand ahvenkisandis
di ssipate the vibration energy of ~ 2 JUN 2003 44 the sleeve 4 . Tn a

natural stajgplide, Calticdld axisemdllyt B2 £ PrderiGibdCobNEd Keaitdds ireand S
105 of the cylinder of the recess 91b and the center of gravity, that i9,

the geonetrigad aentfia/of ydering datkogyoiddi én lneailad con thise saxifaca05.
Therefore, the noving bodies 13 can surely collide against the inside wa? J

surfaces 102p avdds k-shapest recéd rdibigamediandd hameoh akea \lidrditdi@mk.dafhieng
effect can be increased. Since-such danp~i.ng portions 92b are arranged
circunferendisk |4l als explodtional vl driven \wp-a afpiomleamoremat t Fheabedd
uniformy and effectively in the

assembly 42 includes a magnetic head 43 as a conversion element
for reading data from and writing data on the disk 41. An arm
44 is attached to a sleeve 4 and is angularly displaceable about
the shaft 1. The head 43 is attached at an end of the arm 44,
and driving means 45 associated with the other end of the arm
44. The driving means 45 drives the arm 44 to cause its angular
displacement. The driving means 45 may be composed of a voice

coil fixed to the other end portion of the arm 44 and a permanent

magnet which is magnetically coupled with the voice coil and



,, sanme manner as in the abov enbodi nents. The structure of other. portion
.of this enbodinent (Figs. 31 through 34) are simlar to the correspondi ng
structures of the embodi nent shown in Figs. 20 and 21. fig. 35%i% AN 2003
schematic vertical sectional v3e~r shrztiaing another enbodi nent of the
-present invention. This enbvd~i nment is“Substantially simlar to the

embodi nent shown Fig. 31 thfough 34 in its basic configuration, and

f thi di di h f th

Cobodi mont CHRREPSh T db tlisd eEEERORS' Wlskoch-BREBCERREFaftsthtn,

nbol t.h of, the latt [.n.thi nbodi ' d.of th il ed
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' ' | ast,i.cit t het | ' b , Li Lal,. Th

cona axiaand i Aafih A 5P ghe SRl st hice (RRSHERH (e
axis 105 of the recess 91b in a natural state, arid its cross-sections
per pendi cul®®G% the axis are circles w 5ich are uniforn al ong the axis
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positioning operation can be shortened and the resonance
amplitude of vibration of the head assembly 42 can be reduced,
The bearing device 1 may be one according to any of the
embodiments of Figs. 1 through 13.
Figs. 15A and 15B show how circumferential vibration of
the sleeve 4 attenuates. Fig. 15A shows a characteristic which
is obtained when vibration energy is attenuated by using the
bearing device 1 of Figs. 1 through 4 in the head driving device
( 39 for a disk drive shown in Fig. 14. After the head assembly
42 reached a desired track of the disk 41 at time tl, the
amplitude of vibration reaches a predetermined low level L1 as
an allowable amplitude after a lapse of a relatively short time
W1l. The amplitude Al of residual vibration can be suppressed
to a very small value. In contrast, with the configuration

having no damper of the present invention, a time period W2 shown

in Fig. 15B which is taken from the time tl when the head 43



Fig. 37 is a vertical sectional. view of a portion of another enbodi nent of
.the present invention. This enbodim~n=is substantially simlar to the
above enbod:.nments in its basic configuration and conponents OU ghitsN 2003
enbodi ment corresponding to the corrpon% ts of the above enbodinents are
‘given the s4~ne reference synbols as those of the latter, A rod-shaped
etastic nenber 64 is fixed to a |lid nenber or cover plate 65 which is a

L e R e R 0% o R O,
2t Or oront | ARG LERSIRIFRAERES TR B RHaAR rYEhis LANGNSRNERRA WhFch
JUN 200 48 IR FHNN A0S SrgbFhe: T Hoe AR e ks Of0RF the

i 1 oi ont | YA DRmGLOma PR o MaFaes: RBh Fie iR WA BlasRoRT: P LiE-
e B SR AP SR e,

an anpl | e ENBREF RGGRTALRT TP EhePESRSHE ATHARE IR CABVEHESHITSLE. T3
LT L AR A it R B Lt
same. mannePeRSE HIEG 08 e R T BIREY ciodi RoRPE4RofHn SEPBeS 35
§imaction GRARAGHERIIN, T8 4 PRGRSRCLH BRBCRRE o) Y0 EnBbcT Fb A ekBun | n
Fig. 37. That s, when exgitatjion is nmade at the tural frequency ~~(see
( EquationZ@EP H/) ahhikW 'Jst-j : &%%d B ﬁ‘ecﬁﬁg. 18Pt Re sﬁﬁrat 3

i ch' SuppORSE ERSIG! By bE1 HP I AR Bifo iBRE® 1Y AEYTRROBoRARc PB ik
ot TRaReS] SEBHA, i bl et lehllS co0a HRALEHP BhelLRoa 0T £RY Y

than the a tude of the el astic nenber

not cause SR WPTdRencE iR Ah SRR RE LN 14 R AR AIRRCOF U AR cd dn oo
amplitude of the moving body to a gap bestween a moving body and
corresponding walls in the damper. The coefficient e is a
rebound ratio between the moving body and the corresponding
walls bounded by the moving body.

( Fig, 16 is a graph showing a characteristic of the
embodiment which has been described above in connection with
Fig. 15A. The amplitude of vibration of the head assembly 42
can be controlled to a relatively small value as indicated by
a line 46 over a wide frequency range by selecting the materials
of the moving body and the wall bounded by the moving body so
that the coefficient e of rebound falls within an optimum range

of e=0,2-0.3. Incontrast, in the conventional configuration



~ ~ ~a;'v D03 47 of operation. Tt is understood that the danping effect of
-the elastic nmenber 61, 62, or 64 is in such a degree that the aﬂr& iJUdd 2063
responsive vibration is decreased to a certain fin~.te value rather than
becones infinite. F~.g, 39 is a secti og&l view of a portion of still

further enbodi ment of the present invefition. This enbodi nent is
substantia~. ~.y simlar to the above described embodinents in its basic
constructli %s@:{?‘.’oe?f'%‘@é'tﬁi %oﬁd&&i%@%t@@‘iﬁ'. (Lsa%ﬁQE@ﬁ@%‘é’:h@ﬁgéo the
conponents of the above enbodi ments are given the sanme reference s ol s as
those of thgd aidehro¥adbll, Sa MDUU TRRY 4 3R YEakEL ¥ultirld PobBhsin

enbodi nent, two) n%\);?ng _bodi es 7. 3a gnd %3b are accom%on?at ed Fn ggc%s

recess 91b iq{djitéﬁg@lw,glmw, 149 ugiﬁgegﬁep%ﬁb%@ 8% {He $¥Osent

respective coiled springs 67 and 68 are fiXed to the bottom portibn 23. and

t he ot her 1,0N i i i i and
135, CThe. coph ARAAANA BnbLXOAbG i g FRAGNENER O s hpfliessda to

cobi nat i o Ghnaie vHRMIIO WHBEEL3RIANE ke s300NEn8 PRt &r 88 E BGCE WD 2

gap around the axis 5, that is, 7in the circu ential direction of t

hol di ng negel s vdidh &St b |.-H.§éf dqe sectional view show ng how
t he novi ng bgsrdk! es 1%a fanr(l:l 3b y?%raéte I'n ﬁ]i s enbodi ment (Fig. 39) . Wen
the sleeve 4 Vi lfaies ik (i SALmeESIENt e B LY b Jdfend HAddit i s
anplified by the action of the springs 67 and 68 and causes novenent of the

movi ng bodijes,ehdal s e i13bpe s ebYbd o & il kagcRadbestd 38 gand1 3 3kn eshyh de
agai nst each other. The 1 2 JUN 2003 48 noving bodies 13a and 13b al so

rcra)l | i de agaignst the inside wall surface 102b of the recess 91b. In this
Aner, the vibration energy can be absorbed effectively. The phase of a

response in a cgserief erixsdimdn® ot . théaskaid gddgiwamahdipgdserithan the
natural frequency (or the resonance point) is opposite to that in a case

wher e exci tigdvieditich neEdal de aldyarqiRire velavewithabeEBeenasutal FigequENCY.
Therefore, the noving bodies 13a and 13b nove at opposite phases f. ~ if

for the holk@immgrerider THiwlémbodinentcilisesint 1 @cobkentioratddseriloady ai l
is so set a,s to satisfy a Condition d~1 < tZ0 and the other natural
frequency asmbddinemiseahoss 1in Bigl §f in dadidicbndhgBZ&t xonot Comporsdrot i n
Fig. 39, in practice the noving bodies 13a and 13b cannot contact each
ot her unl esf tindys aambddigunetl errrespauiinig ooy diheteonponendisoas, thie ~ k1 /
m and a~2 = k2 / n2 may be adjusted by making the spring constants kl and
k2 (by theesbogiimends off Eilge Spheineggigrnahbdecsymei reterence raymeabh a3 her
those of the latter. Fig. 17 is an enlarged sectional view of
a portion of a bearing device 1 for a disk drive.
( A pair of dampers 8 are vertically arranged in juxtaposed
manner in the same way as that of the embodiment shown in Fig.
3. Each damper 8 has moving bodies 13 and an annular or ring
shape holding member 14b, Each moving body 13 is, for example,
spherical in this embodiment and the plurality of moving bodies
13 have the same shape. The outside circumferential surface
15 of the holding member 14b is fixed to the inside

circumferential surface of the sleeve 4. The holding member



or making the mass ml and n2 different fromeach other. In this znmtz’gggn,
as fvr the coiled springs 67 and 68, there ate many choi ces becg € e
ri-gidity of a coiled spring varies depending on the length, the wire

di aneter, th nunber of turns of a wire2 the coil w nding dianeter, the wire
material, etc. The other structures of %hi s enbodi nent (Figs. 39 and 40)
are the sane as that of the above descri bed enbodinents, Fig. 41 is a

hori zont al Cl i i£w, ef OLL 1 t A er
enbodi nent 1o {nhgr%‘% g\\séec%t o?rﬁ/ézcna?i %ﬁ_keﬁﬁféﬁb&fﬁ’zﬁ e?%c;ruebssitdaﬁlgféfg%b

simlar tot%g desgri beds odinents in its basic construction, and
corrponentsoo % |sé/1:’nb§%| rrsé%t gj(i'g!}:[?('aspondi ng to the conponents of the above

descri bed enbodiirrr#i%{gi_‘e_tgi yen ng SAES e;géeeggcee%gydgg)ol §e?§_;t h‘_oygl‘p t he

latter, In this enbodrl ment; eac erical ‘moving "3'Ts”resiliently

hel d by a i i rd 7 ! QTR ]

space {7 0] tz{lee%%%g’;élﬁeénb%gﬁo n@a&eggﬁgfs&%?éaf ﬁg{a ‘;Eglspec'(ti ?32‘65}6??‘%3‘2 75
and 76 are 4f4 t tl | td mal |'s : e apd the
ot her ends 1adr}:ge(e‘:?? x%%f‘?%p%%eé X}gom%lﬁ%&}g%ddy'r%g. g%ﬁtéagggeg%%?t ?gﬁssgf t he

colli si on néh%cgﬁﬂﬁgg%a@ra\@égées%aﬁmdré 68T SRARGLL NP cORRAR 1% PRLLAL T on

wal |l s 16 pass rou the respective spring then the sl eeve

vibrates i 1 ggn%ern%ﬁ@m&ﬁi ?if,? ggd\fa%cj.tdr@lvy SheeVi PRald el S1A&POM,iER tO

t he novi ng In an anp manner, ereby the noving body 13

collides agaidiled oo AhaCaRLs! 62¢ 14UISSMBARA Bl e Wi drRphead ve

collision pie 8 and 79. Those i sions absorb the vibration energy of
the sl eeve fyphih ©IPOH "Eqla IMataevid bl eHgSiid inhiaji e, eqldolsl eoepi eces
7@ and 79 aresf! xed to The noving body 13 angl col l'i de agate}?,nst t he
respective paplhliingiwalll sphe ThB LOlddfiinad Byeaes {hkialwlwallpaagrhbeough
the respective springs 75 and 76 in a concentric manner. Also in this

enmbodi nent 1 (FeE thendesebss Pt i PRStHs AtBeAl AANGE L1 GuiH RNl 02b] Y
substantially at equal extension, vibration can be attenuated ~ 2 JUN

2003 50 ef ffgChiavdl ¥eb8skh®lls HER SwEiRiralSakistINS fhbeli e parsdlQwl witki gs.
31 through 34. Another type of elastic nenber nade of such a nmaterial as

pi ano Wi r e gy el 8IS £ nsieash of { drieer e aileefit Spri Dye Swohsanmeetashscofienber
:nay be made of a material other than netal, such as synthetic resin or
rubber. Nexthe wall Bupfageoflo@bodkernperpéndimulaxckertio itheeaxisnlObl | be
described with reference to Figs. 92 and 43) The fourth group enbodi nent is
i mpl enent ediden clllxe lemrennenape welahherei usiferm adeogntthgrasids 165 .t hEhe

i nvention, and the conponents of the third group corresponding to the
conponent s sgfadenel 7h ri$ partibtbonedribyppartl tyiarevales sﬁﬁ% reference
synbol s as those of the latter.

A single moving body 13 is accommodated in the space 17b
of each recess 91b. A relationship R > r holds where R
represents the radius of the inside wall surface 102b of each
recess 91b and r denotes the radius of the outer surface of each
moving body 13. The difference between the radii R and r is
small. The moving bodies 13 have a spherical outer shape. The
moving bodies 13 may be either solld or hollow.

The other structures of this embodiment are the same as

that of the above mentioned embodiments of the first group.



Fig. 92 is a perspective view of a hol ding nmenber 14d accordi &g gﬁﬁt her
enbodi nent of the present invention. Like the holding menbez} ﬂUN

t he above descri bed enbodi nents. the hol ding nenber 14d is fixed to the

sl eeve 4. The holding ( nenber 14d is flat, ring-shaped plate. The base
‘portions of respective rod-shaped colITS~. 0a pieces 69 are fixed to the
hol di ng nenber 14d with the centers of gravity of the collision pieces 69
bei ng on an | e, ahout_.t he.ax 5 as_i cen II|S|on
i ece 69 1o Wed BReisFrevet ¥ %ﬁactaﬂsarthﬁﬁeﬁ%x&f%rﬂéls&r§+rsrff %h 't he
axis 5 like_the, ab des axi.s.105. . The col.lisi.on,piec

arranged in® PH %ﬁ h?? giﬁeFE&PPOntgt gﬁ”%nqrﬁ Q%Eﬁsf§Tﬂ8V8a§@

the top sur'?las;%fr PRI RG rEnb ek iv%%%%mﬁ Hond BfbBeek % | °
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dreécerggpge agpfhﬂ%nﬁr t%% ?gh g?ﬁ SEQO F%ﬁ h& r%unferenérm
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hol di ng nen e SBrings are

vi brated, w an ;a nplitude. As a result the i nsi de
circunfereﬁ##gf'surgggég g? ?he springs 71 collide against the outsrde
cjrcunferential r Yaatviis, 9 d | f¥§?%

col‘li sions absorgH ; I SSI pat ettﬁgﬁ‘\?'l I‘:-’Eltl gér?'ﬁenezlrtgy cgj? e sl eeve 4 FI g
43 I's a_secij@nalqvi QVEQQm%%QO%ﬂ@khﬂ 187 abou! 0164 A, PERE R rRNd
spring 71 as shomn |n e’'spring /1 1S configured i'n such a nanner

that a wire,gRilgsofs %%tsal fho¥el aﬂr@c%&tlgweamﬁ LML $86 A 1Y s%@:ﬁ%etso be

circular in cross sections taken perpendicularly to the axis. The base

portion 72 9 &f’thesﬁéé‘@e £l iprd el hathd é‘iﬁcétheféﬂéiél A HRIcRASH9
and fixed to the hol ding nmenber 14d as descri bed above. The axial |ength of

the coi|l spgbdger né Sa:aP150Xi YRbehYi6MUtergyl i€ dAbkrBAORMNRY diestipateerf the
collision piece 69. Wth this structure, the spring 71 can surely collide

agai nst theegoi bieheNybEehod? ¥biltsons At iThe mIMEngbloeli e LBaiay e 1df
this enbodinent (Figs. 42 and 43) are the sane as in the above enbodi nents.

Al so in thisreshodemint orsithee wald dargfiaue d02b el Athetr eclasy amgedinn t he

circunferential direction at regular intervals, vibrations in the

ci rcunf er enfrattandaladionlt aditr editthothec wa lie sarfaceat 02bf toctiiveuy aite t he

same manner as in the above enbodi nents. As anot her enbodi nent of the

i nvention, abeutaipeasil 8. edtiesd clheubabbog mevemeoft sFALSe contiribeadrgh 43
nay be attached to the sleeve 4 via the buffer nenbers 31-33 which are used
r‘lbt he enbodo remsoxptiey.and dissipation efethaketbrationsngrgy.o Siaceh

vibration energy nore effectively. Each of the enbodi nents shown in Figs.

21 through ﬁsecdnmpengraomtdems|ﬁzbeﬁazrgnteuuahenaeaﬂcurvwbnataevreee46

for a disk drive shown in Fig. 14. It has been confirmed that
arranged circumferentially at substantially equal intervals,

circumferential vibration of the sleeve 4 can be attenuated
uniformly and effectively. Further, the moving bodies 13

easily move in radial directions of the sleeve 4 to collide with
the inside wall surfaces 102b. Therefore, when the sleave 4

vibrates in a radial direction, the moving bodies 13 collide



vi bration which is caused by hi gh-speed novenent of the arm44 (, can be
suppressed in the manner shown in Figs . 15 and 16 also ' int N 003
enbodi ments of Figs. 21 through 93, as in the precedi ng enbodi ngg. ?n all
enbodi ments, danping portions or ele ts are circularly arranged at equal

I nterval s or extensions, but they may be arranged in other regularity in
accordance with vibration absorbing characteristics as required. The

P esent | YRR SR B URCRES: B8R R P, L8 EBRy dfeols an
Cons der ed i oae o epe: Foke TREE 50 Foetay REPeFELIFIEL | VB it ope
by the Tor 830FRS HERPEPRat Rnb et T er R e BB he 5l Hi 1 Feani ng
and. e 2S00 SA9K Sl es AL HENELRLEG SlERgEEL o e
devi ce 1 g UML) 0B AR VLRI RR0T RSB ol S LRt PR
o151 3 e R R 3 B A A S CERIEEL gt P
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directions. )

( . Fig. 18 is a horizontal sectional view showing a holding
member l4c according to another embodiment of the present
invention. This embodiment is substantially similar to the
embodiment of Fig. 17 except the structure of holding member
14C. Components of this embodiment corresponding to the
components of the embodiment shown in Fig. 17 are given the same
reference symbols as those of the latter. As also shown in Fig.

19, each space 17c formed in the holding member 1l4c has a
substantially cylindrical shape and opens upward and has a

C bottom. The spaces 17c are separated from each other in the
circumferential direction by partition walls 16c, Each space
17c opens inward in the radial direction by a cut 107, which
is a significant feature of the embodiment shown in Fig. 18.

Each spherical moving body 13 is placed on the upper surface
24 of the bottom portion 21 and accommodated in the associated
space lic.

In the embodiment shown in Figs. 18 and 19, by virtue of



a danper coupled with the sleeve for danping the vibration of the sleeve
.and the arm the danper including a plurality of holding portiofg ?Uﬂaﬁmﬁp
ci-rcunferentially around the axis at equal circunferential interval's or
extensions, and a danpi ng mass accombdat ed i n each of the hol ding
portions. 2. The bearing device of clad?n 1, wherein a plurality of danpers
are attached to the inner surface of the sleeve. 3. The bearing portion has
mat eri al . % i_nner face

' f .cl-ai , [ h | di ng. N

ok o o1 454 B0 1017, Bnb iR B0 LOLURRLRIE LAY U HILETS
1, wherein the,i - f.th ti hol, di ti is,to b
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inner surface of tg‘%éﬁ eeve via an annular elastic nmenber. _, 8. The
beari ng de%(hcee Si*T1aini 1, wherein the inner space of the respective
hol di tiom s f . . _ oo ! _ |
Wth the axi s oft e 2har: & el il MireiBe S BAEE, ORI VL AP oL mOREAL ©
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Garper and RS SRR LAE R h UL e Lo I8 P10E TR
spheri cal dafilih #B33zohta1TRECREBALL UG bECORE oF EhUdampi 81 dhbdie sai d
hol di ng portion has a respective Inner space formed in a sector colum

shape and g5§5tpr £ U Bhaned JAMIAEMIRIE eh1TGRRl Kranceqepdated in

t he space, said sector col'um shaped space having circunferential walls and

radial surtRgas sHbSa haeMRy nehdRed 143 RhAEhTBSAsBRY¥108s CoRE USTE efteat i al
surfaces and side surfaces, each circunferential wall defining the sector

col uMm shapRGupeiAr® ishdwie 1hesRect 2ue oigl B A bhosnDaygeg idetsdepe of a
part cylindrical surface with its central axis concentric with the axis of

the shaft, vard e@&ch rddeswriompant Fay. 1 facen of1 bt raiver ealbrysdspikged
danping mass i s shaped such that its central axis coincides with the axis
of the shaftiewach tinsli rdcass f 321, oThiilse emdddmentrl daN sihdpad spathei s
shaped as a part of a plane passing through the axis of the shaft, and each
si de surf aembaidinentsedf Eig.ollliminsbaged danpiggratien| sasdapenbarserst part
of a plane passing through the axis of the shaft. 11. The bearing device of
cliaim 10, wferdhiis tdmbatdipemy cmssespomdidey dfo ghe heimppreagin.of the . ~ | J
~1 2003

embodiment shown in Fig, 17 are given the same reference symbols

as those of the latter. In this embodiment, a sharpened
projection 110 is formed on the upper surfaces 24 of the bottom
portion 21 of each recess 91b, The projection 110 is so formed
as to be rotationally symmetrical about the axis 105. For
example, the projection 110 has a conical whose axls coincides

with the axis 105. The projection 110 supports the moving body



57 | 2. The bearing device of claim10, wherein the danping nmass is nmade of
-rubber. |3.The bearing device of claim10, wherein the danper']QCJ gegm3one
danping mass held in the sector colum shaped space; -_ two respective

rod- shaped menbers arranged circunfereptially around the axis in the sector
‘col um shaped space, each one end of t r od- shaped nenbers being attached

on each radial surface of the sector shaped space; each cylindrical el astic
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i ncl udes: SOl ar gui de projection ral on the bottom of the

| nner spacg, of b PPV Ry MY ) DS QR RRGH aBRAUNAN GANkdle Of the

gui de projéecfionrails colncide wtht axis of cylinder of the inner

spaces; %r% Bcri¥n’d99 a3 ?naﬂestedasgma&qobeaﬁsb&kascmmy Ad=Aaat on

t he gui de projection rail The beari ng device of claim1l, wherein the
I nner spacgpgf lh*%‘idee%mclt 'é@:ﬂc&é'f@h%rtt ll0RiiFFedkhitnBoisdali o 118 s axis

being in parallel wth the axis of the shaft, and the danper includes: a

danpi ng miiﬁdﬁ%b@e'dn By eSRasinass, Qiliendniecal ThanekpsEBCOE this
collision effectively absorbs and dissipates the vibration
energy of the sleeve 4.

( Alternativaly, when circumferential vibration occurs in
the sleeve 4 similarly as in the case of the above mentioned
embodiments, the moving bgdy 13 rolls on the inside wall surface
102b of the recess 91b while frictionally contacting the inside
wall surface 102b with the moving body 13 being in point contact
with the projection 110 as indicated by arrow 119 in Fig, 25B.

Such rolling movement of the moving body 13 also absorbs and

dissipates the circumferential vibration energy of the sleeve



a rod-shaped danpi ng nenber made of elastic material placed in the
.respective cylindrical inner space, one end of the danping nenﬂéz.ﬂﬂiﬁ@ua
fixed on the bottomof the cylindrical inner space and the other end being
attached to the danpi ng nmass. | B. The bearing device of claim17, wherein
two danpi ng masses and danpi ng menber s34r e pl aced in the respective
cylindrical inner space of the holding portion, and each danpi ng nasses and
each danping nepber _are fixed. |9.The bearing device of claim1, the danper
i ncl udes: gn tﬁ?ﬁp¥ﬁﬁﬁiﬁﬁepvﬁ?ﬁa t?Qthed to the radially inner surface

of the sleeve in_ rotation S try, about fhe axis, qf jhe shaft;
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portions. -Ay—-AA‘wArA(l--Acose) ..... (1)

The angle 6 1s formed by a straight line 121 which connects
the center 120 of the moving body 13 shown in Fig. 23 and the
apex 111 of the projection 110 which is in peint contact with
the moving body 13 and a vertical line 122 passing through the

( center 120. A value of the angle 6 which makes A/r smaller than

1%, for example, 1s determined in the following manner.

1

A/r = 1 - cos® = - 0> < 0,01  ..... (2)
2

S0 < {5 = 0.142 (rad) = ... (3)

Now, since
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sind =

R_
Z g e ()
r

the relationship is obtained.

R-r

< 0.142

* R < 1.142r

Since r < R holds,

1 <2 <1140
r

or

1<§-<1.142 . (8)

is obtained as a rough range.

In Inequality (8), D represents the diameter of the inside

wall surface 102b of the recess 91b (D = 2R) and d represents

the outside diameter of the moving body 13 (d = 2r). Assuming

that D = 1.1 mm and d = 1.0 mm, by for example, then

oo

= 1.1 < 1.142 <o (9)

To prevent the moving body 13 from contacting the top

surface 24 of the bottom portion 2l, it is necessary that the

height A of the projection 110 satisfy a relationship

A > A e (10)

There 1s a relationship



.ASl@. A@i. A3. Auf .A . Aly _.A.A. Ay . Au . A A@Q.A@.A& .Aa .Aa .A Ay

A . Au .AL).Al LA A A A (,9.A@.A 9. A&#S$' >dAs ]Z ]JUQ %0013
?@zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] ca] ca] ca] ca] ca] ca] ca] Ca¥ea] calca
] cRa] ca] ca] ca] ca] ca] ca] caU] ca] cal] cal] 5@! - 4
A A 1l .2
— = — > - e s p = §F 3 11
2r d 4 (11)
Considering
D
l1<—-<1.142 ... (12)
d
and
1 62< 0.01 ceev. (13)
2
( . Equation (11) is modified as follows:
A_A,Bb 200 01, el (1)
d D d D 2 4
That is,
-& > 0.00S ceens (15)
D

The height A of the projection 110 is determined so as to
satisfy Inequality (15). For example, when A = 0,05 mm and D

= 1-1 mm,
( %=mu5>mm5 ceee. (16)

Fig. 26 is a vertical sectional view of a portion of yet
another embodiment of the present invention. This embodiment
is substantially similar to the embodiment shown in Figs. 20
through 25 in basic configuration, and components of this
embodiment corresponding to the components of the embodiment

shown in Figs. 20 through 25 are given the same reference symbols.
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01. Also in this embodiment, when the holding member 1l4b

vibrates radially or circumferentially about the axis 5
together with the sleeve 4, the moving bodies 13 move while,
for example, colliding against the inside wall surfaces 102b
of the recesses 91b, whereby the vibration can be suppressed
efficiently and effectively. The other structures of this
embodiment (Figs. 27 and 28) are similar to the corresponding

( structures of the embodiment of Figs, 20 through 25.

Fig. 29 is a plan view of part of a holding member 14b
according to still yet another embodiment of the present
invention, and Fig. 30 is a vertical sectional view taken along
line XII-XII in Fig. 29. 1In this embodiment, a cone=-shaped
projection 110 which is the same as the projection of the
embodiment shown in Figs. 19 through 24 is formed on the bottom
portion 21 of each recess 91b. The moving body 13 is held in
an unstable state in which the moving body 13 is in contact with

( the apex 111 of the projection 110 and the inside wall surface
102b. Two continuous annular guide projection rails 125 and
126 are also formed on the bottom portion 21 of the recess 91b
around the axis 105. An annular groove 127 is formed between
the guide projection rails 125 and 126. An auxiliary moving
body 128 is guided by the guide projection rails 125 and 126.
The auxiliary moving body 128 is movable above the bottom

surface 21 and has a spherical shape which is smaller in diameter
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by arrow 130 while being in point contact with the guide
projection rails 125 and 126. Whereas the moving body 13 can
move on the inside wall surface 102b as indicated by arrow 131,
it can go over the projection 110 and then collide against the
inside wall surface 102b. In this manner, vibrations of the

( - sleeve 4 in the circumferential and radial directions can be
absorbed efficiently and effectively. The auxiliary moving
body 128 collides against the moving body 13, thereby also
absorbing vibration energy of the sleeve 4 efficiently. The
other structures of this embodiment (Figs. 29 and 30) are similar
to the corresponding structures of the embodiment shown in Figs.
20 through 25.

A further embodiment of the present invention will be
described below with reference to Figs. 31 through 34, This
embodiment is similar to the embodiment shown in Figs. 1 and
17 through 21, and the components of this embodiment
corresponding to the components of the embodiment shown in Figs.
1 and 17 through 21 are given the same reference symbols as those
of the latter. Fig. 31 is a perspective view of a holding member
14b which is provided in each damper 8, Each damper 8 has moving
bodies 13 and an annular holding member l4b. Each moving body

13 is, for example, spherical in this embodiment, and the
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or a synthetic resin material, and is rigid.

A plurality of cylindrical recesses 91b, (e.g., twelve
recesses in this embodiment) are formed in the holding member
14b to serve as a holding portion. The vertical axes 105 of

(. the cylindrical recesses 91b are on an imaginary circle 106 which
is concentric with the stationary shaft 3 and the sleeve 4 with
respect to the axis 5. The recesses 91b are arranged at
substantially equal intervals along the imaginary circle 106.

A cylindrical space 17b is defined by the inside wall surface
102b of each recess 91b. That is, the inside wall surface 102b
of each recass 91b has a central axis 105 which is parallel with
the axis 5 of the stationary shaft 3. The cross-sections of
the wall surfaces 102b taken perpendicularly to the axis 105,

( are circles in shape which are uniformalong the axis 105. Each
recess 9l1lb accommodates a single moving body 13.

Fig. 32 is a sectional view of each recess 91b and its
associated structure. One end 6la of a cylindriecal coil spring
61 as an elastic body is fixed to the bottom portion 21 of the
assoclated recess 91b. The moving body 13 is fixed to the other
end 61b of the spring 61. The coil spring 61 and the moving

body 13 constitute a damping member, and the damping member and
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As shown in Fig. 33, the moving body 13 can be modeled by
using mass m of the moving body 13 and the spring constant k
of the spring 61. When one end portion 6la of the spring 61 is
vibrated at a frequency o with an amplitude x0, the distance
between the mass m and the fixed end varies by ®0 - x. Therefore,
( force F corresponding to the variation in distance
Fek (0-%x ... (17)
is applied to the mass m and the mass m starts to vibrate.
Character x represents the amount of the displacement of the
mass m.
Equation (17) is rewritten as

dzx

m—7 = k(x0 -x} ... (18)
dt
dzx
m—5 + kx = kx0 eee-. (19)
( dt

Equation (19) means that this motion is equivalent to vibration
which is caused externally by force of kx0.

The steady-state solution of such a response is as follows:

X
x = —FX0 0 eee. (20)

k — mo? 1_(&)2
w0

where a natural frequency ©0 is given by
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As is understood from Equations (20) and (21), the
amplitude of vibration of the mass mvaries with the excitation
freql.iency. In particular, the amplitude of vibration steeply

( varies in the vicinity of ©0 as shown in Fig. 34.

Fig. 34 is a graph showing a vibration characteristic of
the moving body 13 shown in Fig. 33. From Equation (20), the
relative amplitude between the moving body 13 and the support
portion 6la is calculated as follows:

&)
Q = ___xo—_._ 20 = "—'?on

() (3

It is understood that the relative amplitude varies as indicated

X - X

( by broken lines in Fig. 34.

In Fig. 34, the amplitude of vibration is shown as an
absolute value. According to Equation (22), ¢ = x/x0 steeply
increases with @ in a range of © < ®0. The phase is reversed
when o exceeds ®0 and ¢ = x/x0 has a negative value in a range
of ® & 00, In other words, whereas in the range of © < w0 the

response is such that the mass m moves upward as the support

portion 6la of the spring 61 moves upward, in the range of o
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upward, that is, the mass m moves in such a direction that it
may collide against the support portion 6la. That is, in the
present invention, ® is set somewhat larger than 00 so that
the moving body 13 contacts the inside wall surface 102b very
easily.

A description froma different standpoint than in the above
descriptions is made here. The above descriptions were made
from the standpoint that the support portion is excited at the
frequency o. However, it is intended to apply the present
invention to the dampers 8 of a pivot. Since the pivot and an
actuator have a certain natural frequency QO0 depending on their
structures, excitation should be made at the frequency £20. 1In
the present invention, settings are so made that the natural
frequency ®0 of each damper 8 is approximately squal to Q0 so
that large vibration occurs when excitation is made at the

frequency Q0.

When the sleeve 4 vibrates in the circumferential
direction and in the radial direction, the vibration is
amplified by the springs 61 and, as a result, the moving bodies
13 vibrate while moving violently. Thereby, even when the
gleeve 4 slightly vibrates, the moving bodies 13 collide against
the inside wall surfaces 102b of the recesses 91lb. The impacts
of those collisions can stop the circumferential movement of

the sleeve 4 and absorb and dissipate the vibration energy of
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the sleeve 4. In anatural state, the central axis of the spring
6Ll coincides with the axis 105 of the cylinder of the recess
91b and the center of gravity, that is, the geometrical center,
of the moving body 13 is located on the axis 105, Therefore,
the moving bodies 13 can surely collide agzainst the inside wall
surfacas 102b when the sleeve 4 vibrates and hence the vibration
damping effect can be increased. Since such damping portions
. 92b are arranged circumferentially at equal intervals,

( vibration can be attenuated uniformly and effectively in the
same manner as in the above embodiments. The structure of other
portion of this embodiment (Figs. 31 through 34) are similar
to the corresponding structures of the embodiment shown in Figs.
20 and 21.

Fig. 35 is a schematic vertical sectional view showing
another embodiment of the present invention. This embodiment
is substantially similar to the embodiment shown Fig. 31 through
34 in its basic configuration, and components of this embodiment

( corresponding to the components of the embodiment shown in Figs,
31 through 34 are given the same reference symbols as those of
the latter. In this embodiment, instead of the coiled spring
61 of the embodiments shown in Figs. 31 through 34 is used a
rod-shaped slastic or resilient member 62 as an elastic body.
The rod-shaped elastic member 62 is made of metal such as piano
wire which is superior in elasticity, or synthetic resin, rubber,

or a like material. The central axis of the elastic member 62
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which are uniform along the axis 105.

Fig. 36 is an illustrative sectional view showing the
operation of the embodiment (Fig. 35) in a case wheére a radial
oz circumferentlal vibration occurs in the sleeve 4 and hence
in the holding member 14b. The vibration of the sleuve 4 causes
the rﬁoving body 13 to vibrate in a manner indicated by arrow
( R 63 and the moving body 13 collides against the inside wall
surface 102b of the recess 91lb, whereby as in the smbodiment
shown in Figs. 31 through 34, the vibration energy of the sleeve
4 is absorbed and dissipated in this embodiment.

Fig. 37 is a vertical sectional view of a portion of another
embodiment of the present invention. This embodiment is
substantially similar to the above embodiments in its ba‘gic
configuration and components of this embodiment corresponding
to the components of the above émbodiments are given the same
( reference symbols as those of the latter, A rod-shaped elastilc

member 64 1s fixed to a lid member or cover plate 65 which is
a part of the holding member 14b, and the moving body 13 is
suspended by the elastic member 64. Alternatively, the lid
member or cover plate 65 may be a part of the holding member
14b, that is, the bottom portion 21. As in the aforementioned
embodiments, in the structure of this embodiment in which the

moving body 13 is suspended by the elastic member 64, the moving
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embodiment (Fig. 37). When the holding member 14b is displaced
by circumferential vibration of the sleeve 4, the moving body
- - - 13 Which-is supported-via the-elastic member 64 vibrates with
an axﬁplified amplitude, -In this manner, the moving bodies 13
( - efficiently collide against the inside wall surfaces 102b of
«n the recesses 91b and can thereby absorb the vibration energy
of the sleeve 4.

The operation of the present embodiment can be modeled in
completely the same manner as that of the aforementioned
embodiments shown in Figs, 32 through 36 where a spherical body
1s supported by a spring although the direction of displacement
is different from that of the embodiment shown in Fig. 37. That
is, when excitation is made at the natural frequency ®0 (see

( Equation (21)) which is determined by themass mof the vibrating
portion and the supporting rigidity k of the elastic member 61,
62, or 64 which supports the vibrating portion, the mass m
resonates and vibrates with an amplified amplitude x which is
tens to hundreds of times greater than the amplitude x0.

Although the damping effect of the elastic member 61, 62,

or 64 is not taken into account in the above descriptions, it

does not cause any difference from each other in the principle
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Fig, 39 is a sectional view of a portion of still further

embodiment of the present invention. This embodiment is
.substantially similar to the above described embodiments in its

. basic construction, and components of this embodiment

(‘ 4 corresponding to the components of the above embodiments are
given the same reference symbols as those of the latter. 1In
this embodiment, a plurality of (in this embodiment, two) moving
.bodies 13a and 13b are accommodated in each recess 91b of the
holding member 14b. One end portions of the two respective
coiled springs 67 and 68 are fixed to the bottom portion 21 and
the other end portions are fixed to the respective moving bodies
13a and 13b., The combination of the moving body 13a and the
spring 67 and the combination of the moving body 13b and the
( spring 68 are arranged with a gap around the axis 5, that is,
in the circumferential direction of the holding member 14b.
Fig. 40 1s an illustrative sectional view showing how the
moving bodies 13a and 13b vibrate in this embodiment (Fig. 39).
When the sleeve 4 vibrates in the circumferential direction,
the vibration is amplified by the action of the springs 67 and
68 and causes movement of the moving bodies 13a and 13b, whereby

the moving bodies 13a and 13b collide against each other. The
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surface 102b of the recess 91b, 1In this mannexr, the vibration
energy can be absorbed effectively.

The phase of a response in a case where excitation is made
at a frequency higher than the natural frequency (or the
resonance point) is opposite to that in a case where excitation
ls made at a frequency lower than the natural frequency.
Therefore, the moving bodies 13a and 13b move at opposite phases

(\ " 1f for the holding member 14 which is excited at QO one natural
frequency ol is so set as to satisfy a condition ol < Q0 and
the other natural frequency o2 is so set as to satisfya condition

Q0 < 2.

As shown in Fig. 39, in practice the moving bodies 13a and
13b cannot contact each other unless they are located at the
same coordinate. Therefore, ol = m and 02 = m may
be adjusted by making the spring constants k1l and k2 (by the
structures of the springs 67 and 68) different from each other

( or making the mass ml and m2 different from each other. In this
connection, as for the coiled springs 67 and 68, there are many
choices because the rigidity of a coiled spring varies depending
on the length, the wire diameter, the number of turns of a wire,
the coil winding diameter, the wire material, etc. The other
structures of this embodiment (Figs. 39 and 40) are the same
as that of the above described embodiments.

Fig. 41 is a horizontal sectional view of a portion of yet
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is substantially similar to the above described embodiments in
its basic construction, and components of this embodiment
corresponding to the components of the above described
embodiments are given the same reference symbols as those of
the latter. 1In this embodiment, each spherical moving body 13
is resillently held by a pair of coil springs 75 and 76 which
are accommodated in the space 17 of the holding member 14, One

(\_ 5 ends of the respective springs 75 and 76 are fixed to respective
partition walls 16 of the recess 73 and the other ends are fixed
to the common moving body 13. The base portions of the collision
pieces 78 and 79 which extend from respective opposite partition
walls 16 pass through the respective springs 75 and 76. When
the sleeve vibrates in the circumferential direction, the
vibration is transmitted to the moving body 13 in an amplified
manner, whereby the moving body 13 collides against the adjacent
free ends 130 and 131 of the respective collision pieces 78 and

{ 79. Those collisions absorb the vibration energy of the sleeve
4. The embodiment may be modified such that the collision
pieces 78 and 79 are fixed to the moving body 13 and collide
against the respective partition walls 16. The collision
pleces 78 and 79 pass through the respective springs 75 and 76
in a concentric manner. Also in this embodiment, since the
damping portions 91 are arranged circumferentially

substantially at equal extension, vibration can be attenuated
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Another type of elastic member made of such a material as
piano wire may be used instead of the coilled spring. Such an
elastic member may be made of a material other than metal, such
as synthetic resin or rubber.

Next, fourth group of embodiments of the present invention
will be described with reference to Figs. 42 and 43, The fourth

( group embodiment ls implemented in the same manner as the first
and second groups of the invention, and the components of the
third group corresponding to the components of the first or
second group are given the same reference symbols as those of
the latter.

Fig. 42 is a perspeactive view of a holding member 14d
according to another embodiment of the present invention. Like
the holding members 14a-14c of the above described embodiments,
the holding member 14d is fixed to the sleeve 4. The holding

{ member 14d is a flat, ring-shaped plate. The base portions of
respective rod-shaped collision pieces 69 are flxed to the
holding member 14d with the centers of gravity of the collision
pieces 69 being on an imaginary circle about the axis 5 as its
center. Each collision piece 69 is substantially cylindrical
with its axis being parallel with the axis 5 like the
above~described axis 105. The collision pieces 69 are arranged

in the circumferential direction at equal intervals. The base
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the associated collision piece 69. Each holding portion 91d
is formed by a portion of the holding member 14d in the vicinity
of the position where the collision piece 69 is erected. The
holding portion 91b, the coil spring 71 as a damping piece, and
the collision piece 69 constitute a damping portion 92d. TFor

( example, six damping portions 92d are arranged in the
circumferential directicon at equal intervals. When vibration
of the sleeve 4 causes the holding member 14b to vibrate, the
springs 71 are displaced, that is, vibrated, with an amplified
amplitude. As a result, the inside circumferential surfaces
of the springs 71 collide against the outside circumferential
surfaces of the respective collision pieces 69. Those
collisions absorb and dissipate the vibration enerqgy of the
sleeve 4.

( Fig. 43 is a sectional view showing a coembination of a
collision piece €69 and a spring 71 as shown in Fig. 42. The
spring 71 is configured in such a manner that a wire made of
metal or a like material is wound spirally so as to be circular
in cross~-sections taken perpendicularly to the axis. The base
portion 72 of the coil spring 71 is inserted into the collision
piece 69 and fixed to the holding member 14d as described above.

The axial length of the coil spring 71 is approximately equal
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spring 71 can surely collide against the collision piece 69 while
vibrating. The other structures of this embodiment (Figs. 42
and 43) are the same as in the above embodiments. Also in this
embodiment, since the damping portions 92d are arranged in the
circumferential direction at regqular intervals, vibrations in
the circumferential and radial directions can be attenuated
effeétively in the same manner as in the above embodiments.

( , As another embodiment of the invention, the dampers 8 of
each of the embodiments of Figs. 17 through 43 may be attached
to the sleeve 4 via the buffer members 31-33 which are used in
the embodiment of Fig. 9. This structure makes it possible to
absorb vibration energy more effectively.

Each of the embodiments shown in Figs. 21 throu’gh 43 can
be practiced in relation to the head driving device 46 for a
disk drive shown in Fig, 14. It has been confirmed that
vibration which is caused by high-speed movement of the arm 44
( can be suppressed in the manner shown in Figs. 15 and 16 also
in the embodiments of Figs. 21 through 43, as in the preceding
embodiments.
In all embodiments, damping portions or elements are
circularly arranged at equal intervals or extensions, but they
may be arranged in other regularity in accordance with

vibration absorbing characteristics as required.

The present inventionmay be embodied in other specific forms
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the scope of the present invention being indicated by the

appended claims rather than by the foregoing description and
all changes which come within the meaning and the range of
equivalency of the claims are therefore intended to be embraced

therein.
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A bearlng device for supporting an arm which carries a

head for reading or writing data on a data storage disk,

the arm being angularly displaceable around an axis; said

bearing device comprising
a stationary shaft concentric with the axis;

a sleeve coupled with the arm to turn integrally with

the arm;

a bearing interposed between the stationary shaft and

the sleeve for supporting the latter on the shaft for its

angular displacement;

and

a damper coupled with the sleeve for damping the
vibration of the sleeve and the arm, the damper including
a plurality of holding portions arranged
circumferentially around the axis at equal
circumferential intervals or extensions, and a damping

(_’ mass accommodated in each of the holding portions.

2. The bearing device of claim 1, wherein a plurality of

dampers are attached to the inner surface of the sleeve.

3. The bearing device of claim 1, wherein each holding

portion has one inner wall surface made of elastic

material.
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the respective holding portion is to be hermetically
sealed, liquid is accommodated in the inner space of the
respective holding portion, and a rigid damping mass is

in the liquid.

5. The bearing device of claim 1, wherein the inner space of
the respective holding portion is hermetically sealed,
and a liquid as the damping mass is accommodated in the

(“\ inner space of the respective holding portion therein.

6. The bearing device of claim 1, wherein the inner space of
the respective holding portion is hermetically sealed, a
powder as the damping mass is accommodated in the inner

space of the respective holding portion.

7. The bearing device of claim 1, wherein the damper is
attached to the radially inner surface of the sleeve via

an annular elastic member.

8. The bearing device of claim 1, wherein the inner space of
the respective holding portion is formed as a cylindrical
shape having an axis parallel with the axis of the shaft,
and one spherical damping mass is movably accommodated in

the inner space of the respective holding portion.

9. The bearing device of claim 8, wherein the cylindrical
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opening is narrower than a diameter of the spherical

damping mass.

The bearing device of claim 1, wherein the said holding
portion has a respective inner space formed in a sector
column shape and a sector column shaped damping mass is

movably accommodated in the space,

said sector column shaped space having circumferential
walls and radial surfaces and said sector shaped damping

mass having circumferential surfaces and side surfaces,

each circumferential wall defining the sector column
shaped space in the respective holding portion having the
shape of a part cylindrical surface with its central axis
concentric with the axis of the shaft, and each
circumferential surface of the sector column shaped
damping mass is shaped such that its central axis

coincides with the axis of the shaft,

each radial surface of the sector column shaped space
is shaped as a part of a plane passing through the axis
of the shaft, and each side surface of the sector column
shaped damping mass is shaped as a part of a plane

passing through the axis of the shaft.

The bearing device of claim 10, wherein the damping mass

is made of synthetic resin.

10%
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is made of rubber.

13. The bearing device of claim 10, wherein the damper

includes:

one damping mass held in the sector column shaped

space;

(‘, two respective rod-shaped members arranged
circumferentially around the axis in the sector column
shaped space, each one end of the rod—shaped members

being attached on each radial surface of the sector

shaped space;

each cylindrical elastic member being penetrated by a
respective rod-shaped member, each one end of the
cylindrical elastic members being in contact with each
radial surface of the sector shaped space, the other ends
of the cylindrical elastic members holding the damping

mass unstably.

14.The bearing device of claim 1, wherein the inner space of
the respective holding portion is cylindrical with its
axis being in parallel with the axis of the shaft, and
one spherical damping mass is movably accommodated in the

inner space of the respective holding portion,

the spherical damping mass has a radius which has a

predetermined relationship with the inner shape of the
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holding portion,

a sharp—top projection is provided on the bottom of the
respective inner spaces at the vicinity of the axis of
the cylindrical space, a height of the projection is in a
predetermined relationship with the inner shape of the

holding portion.

The bearing device of claim 1, wherein the inner space of
the respective holding portion is cylindrical with its
axis being in parallel with the axis of the shaft, and
one spherical damping mass is movably accommodated in the

inner space of the respective holding portion,

the spherical damping mass has a radius which has a
predetermined relationship with the inner shape of the

holding portion,

a gentle projection is provided on the bottom of the
respective inner spaces at the vicinity of the axis of

the cylindrical space.

The bearing device of claim 14, wherein the damper

further includes:

two annular guide projection rails formed on the bottom
of the inner space of the respective holding portions,
each annular center of the guide projection rails

coincide with the axis of cylinder of the inner spaces;



U U& ()-fITE+ 1 10%JU& ()-67' 8d8; 99:: <: zX60P1! @ 10%& ()-!A &$10%&' ()-!F
&L0%& ()-!," 10%& ()-S9!109&' ()-!8F 10%&'()-<::];A;_;‘;o;;omfg@w%znngm
UU&()-'nl&@"' 109 L{U& ()-3 10 10 10! F 010%&' ()-y! Ff+s! 109%&' ()=--°"
{<<<=>>zX6ML! >' ' 109JU&' ()-!hSL$[! 10%JU& ()- @ P10% U

U& ()-! (@0%U5U& ()-FS 10% U& ()-Y!Zy ! 10%JU& ()-z>>A?t 2u2v2wW??@\: ! | F
1098B& ()-3 !'!,' 109BB& ()-4 10 U 10 U 16%Us6” 10% U& ()-! F9010% U

a small damping bass balls movably placed on the guide

projection rails.

17.The bearing device of claim 1, wherein the inner space of
the respective holding portion is cylindrical with its

axis being in parallel with the axis of the shaft, and

the damper includes:

a damping mass held in the respective cylindrical inner

( 5 space;

a rod—shaped damping member made of elastic material
placed in the respective cylindrical inner space, one end
of the damping member being fixed on the bottom of the

cylindrical inner space and the other end being attached

to the damping mass.

18.The bearing device of claim 17, wherein two damping
masses and damping members are placed in the respective
cylindrical inner space of the holding portion, and each

( damping masses and each damping member are fixed.

19.The bearing device of claim 1, the damper includes:

an annular holding plate attached to the radially inner
surface of the sleeve in rotational symmetry about the

axis of the shaft;

a plurality of rod—shaped members arranged along a
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respective rod-shaped members, each end of the

cylindrical elastic members being fixed to an upper
(‘~ surface of the holding plate and the other ends of the

rod-shaped members being free.

20.A head assembly in a disk apparatus having at least one

disk, comprising:

a fixed shaft having an outer surface, the shaft

generally defining an axis of angular displacement;

a sleeve having an inner surface, the sleeve disposed

about the shaft;

a bearing interposed between the stationary shaft and
the sleeve for supporting the latter on the shaft for

it’s angular displacement;

an arm coupled to the sleeve, being angularly
displaceable around an axis and supporting a head for
writing or reading information on the disk surface

therefrom;
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an actuator providing a driving force for angularly

displacing the arm;

a damper coupled with the sleeve for damping the
vibration of the sleeve and the arm, the damper including
a plurality of holding portions arranged
circumferentially around the axis at equal
circumferential intervals or extensions, and a damping

mass accommodated in each of the holding portions.



