1 DESCRI PTI ON 27 August 2003 VI BRATI ON ACTUATOR HAVI NG MAGNETI C CIRCUI T
ELASTI CALLY SUPPORTED BY A SPI RAL DAMPER W TH | NCREASED COWVPLI ANCE
Technical Field This invention relates to a vibration actuator using an

el ectro- mechani cal transducer includigg a magnetic circuit and a driving
coil and having a danper elastically supporting the magnefic ci Lt, and
in particular to a structure of the danper. BagkgroundQZH%ugﬁﬁtéﬁaé

el ectro-dynam c type of the electﬁgsqggpqmbgpl transducer conprises a
magnetic circuit conprising a magnét and nmagnetic yoke and having a
magnetic gap therein, and a noving coil or ribbon disposed in the nmagnetic
gap. Wen a driving AC current is applied to the noving coil or ribbon, the

moving coil or rihpharafioNAETUAIGRINAVING MAGNERIQNEIRCWETrcui t. A
frequency of the vibration is dependent on a frequency of the driving AC

current. Since thEASTIGALY SURAPQRDEGNBYA SFIRAEDAMARERhe driving AC
current and noves or vibrates, it is referred to as a driving coil and al so
a noving el ement. \Wen théViliH INGREASEDCOMPLIANGEan audi o frequency, the
nmoving coil or ribbon vibrates at the audio frequency. Wien a thin plate or
di aphragmis connected to the noving coil or ribbon directly or through the
danper, it is vibrated at the audio frequency to produce sound. This is
wel | known as an el ectro-dynam c speaker. 2 27 August 2003

hnical Fie!
This invention relates to a vibration actuator using an electro-
mechanical transducer including a magnetic circuit and a driving coil ar_\d having
a damper elastically supporting the magnetic circuit, and in particular to a

structure of the damper.

Background Art

An electro-dynamic type of the electro-mechanical transducer
comprises a magnetic circuit comprising a magnet and magnetic yoke and
having a magnetic gap therein, and a moving coil or ribbon disposed in the
magnetic gap. When a driving AC current is applied to the rﬁoving coil or
ribbon, the moving coil or ribbon vibrates relatively to the magnetic circuit. A
frequency of the vibration is dependent on a frequency of the driving AC current.
Since the moving coil or ribbon is applied with the driving AC current and moves
or vibrates, it is referred to as a driving coil and also a moving element.

When the driving AC current is of an audio frequency, the moving coil or
ribbon vibrates at the audio frequency. When a thin plate or diaphragm is
connected to the moving coil or ribbon directly or through the damper, it is
vibrated at the audio frequency to produce sound. This is well known as an

electro-dynamic speaker.



On the other hand, an electro-magnetic. type of the el ectro-nechani cal
transducer conprises a nagnetic circuit conprising a nagnet, magnetic yoke
and a driving coil wound on the magnetic yoke and having a magnetic gap
formed therein, and a magnetic armature,or a small magnetic plece as a
noving el enent disposed in the nagnetl% gap. Wen the Qﬁhﬁuéﬁﬁ q Alrrent S
applied to the driving coil, the nagnetic armature vibrat'es r equency

of the driving o‘hqh%thsnﬁana' 6 Ele2tiol ABABEY t@etafqﬁeté@aw%@dhdnml so used

for a speaker where e magnetic armature is nnecte to a diaphragmor a

thin plat ganduddieophitdesOs AR MIAL GRHoult [RRFFHGRS aqﬁagnéthmag?mlcqfoktahe t wo

types described above, the magnetic circuit can be vibrated at | ow

fr equencyamlaCd!r:wm% cbivweiundhantHeeaguetio ybke andriavity asnppostid ggpt he
magnetic circuit through a danper onto a rigid support nenber or frane, by

fixing thiormad thereheamiht rmhagnetieasopios br aestball ndigneticipiece as larmaginga | ow
conpliant elastic nenber, and by applying to the driving coil a driving AC
current oelentantidispdsesjodhe ynagnedic gamr aivihen the drivingsAt cusrcentds ebpliedippor t
menber through the danper. Therefore, when a person attaches the support
member  or tosthgedrstngcol i thednagnaticearsndipes vibrates & anfreaeenaynel thewndn

t hrough his skin, Thu the transducer can pe used in vi brati on actuator
for produ@ﬁ’r@"réﬁqtowq'f‘?ef‘d%%tfﬂf?agﬂ%ﬁl%ﬁyp@rﬁ%ﬁc@ﬁe&'Snﬁlﬁ'ﬂrii cf?rac?i’r?a?‘@él t hr ough
a skin. in suc Vi b

t 1 t C h di
7 eauoncywnBts helnhoneft fnaftie S Eafedeflto B B9nhEaE L Bohir b o, at b at

Wona thin plaretselactrolaBia FenSgbkanstetdfbrisiol M8 SRRE: TI
vibrates §osdy \%“t}?é’mag)n%h];%%ﬂﬁ cah'sdé‘&bméa a'd BG ﬂ?égu Rgxlﬁﬁbh si ze

vibration actuator 1s’ propose produci ng a vol ce and g tone,
wel | as sisgabi farvinar Aldi6 Freh@encpRYURSORRTY thef meghktit eremit trrug amobi | e

comuni cation (for exanple. see Japanese Unexan ned Patent Applications

(JP-A) Nodatiper dhfBe Zighnsupiort member or frame, by fixing the moving element to
the support mémber directly or thfough a low compliant elastic member, and by
applying to the driving coil a driving AC curreht of the low frequency. The
vibration is transmitted to the support membef through the damper. Therefore,
when a person attaches the support member or a material fixed to the support,
he can feel thé vibration through his skin. Thus, the transducer can be used in
a vibration actuator for producing a low frequency vibration which a human body
can feel through a skin.

In such a vibration actuator, a driving AC current of the audio frequency

is applied to the driving coil, the moving element vibrates at the audio frequency.
The vibration is transmitted to the support member. When a thin plate or a
diaphragm is joined to the support member, it vibrates to produce an audible
sound. Using this principle, a small-size vibration actuator is proposed for
producing a voice and a ringing tone, as well as signaling vibration for
announcement of call reception in mobile communication (for example, see

Japanese Unexamined Patent Applications (JP-A)} No. H10-165822 and No.
H11-027921.



H11-027921. 3 27 August 2003 These Japanese publications disclose a dunber
havi ng spiral spring portions for supporting the magnetic circuit as shown
in Fig. 5 of JP-A"892 and also in Fig. 5. of JP-A 921. The danper is nade
of an elastic disk of such as a netal ,plate and conprises an inner ring

: . . 3 . . .
portion, outer ring portion and a plurdality of spiral spgi r S
connecting between the inner and outer ring portions. $Zé&$%£eré¢§§g and

the outer ring piasd jxoshds® ful1icERIAS HistIdHe! & Hutthavifte s dIRgJringf r ane,
respectively. Each of 'the spr‘lsral spring portions extendﬂ;@f?om%egi nner ring

portion tgortibhe fUERpoHintdtHROMagaBit Birspit Belshshapie FigdSics JeeAig@2liahy an

I nner spiral slit and an outer spiral slit. In the structure, even if the
danper i salbd in Fied 5. Bf UPsA rgdi. ushhe eamipeofs miadesyfianaglaspe disk ¢fosuchasahas a
| ong size conparing radial spring arnms formed within the limted radius.
Ther ef or anetahelatagmet campiisesuan irveaT ring petiast vet@riripgspppontasd dy t he spring
portions with a high conpliance conparing with the limted radius of the
danper . Ipiurlitest spiraigpong pertionrecarmg@ingativegntthe I3per and eptardgdpor ti ons,
an effective spring length of the spiral spring portion is. mainly

det er mi ndtPriign@an Thegnerdingudied aﬂ%@wteémafar@ﬁ%egéﬁﬁa% MAGRUGLITHANA SN of
t he i nner, spiral sflit to an.oyter end of the outer spiral slit. The angle
. i's herei HAPSEPPPBIEATPRIESHESUVeI%f fective angle”. It has been considered to

b Letei o . (b nas peen con .
i gh compl | ance- 2L 'ﬁ“lt?gsapléﬁ:ﬁ?( sBtReSorei SraneBd ot it ispactf ig.™ 'Y
omal o ha e R BY RO <Pt Sha5 a3 BLhieq 25 S Pe BAIIRARIATA 2ot ve

angl e ”Bkcﬁﬁ%:‘ pift it CUhithb QtiRicRAECEvER § tHE daRipert@IRVRI intifteragi@y e- ment i oned

exi sting vibration actuator is :
each of the spiral spring portions has a long size comparing radial spring arms
~formed within the limited radius. Therefore, the magnetic circuit can be‘
elastically supported by the spring portions with a high compiiénc_e comparing
with the limited radius of the damper.

In an existing one of the damper having the spiral spring portions, an
effective spring length of the spiral spring portion is mainly determined by an
angle around a center of the damper from an inner end of the inner spiral slit to
an outer end of the outer spiral slit. The angle is hereinatter referred to as
“effective angle”. It has been considered to be sufficient to elastically support
the magnetic circuit with a relatively high compliance that the effective angle is
55 angular degree at the maximum. The effective angle has been usually
selected to be an angle smaller than 55 angular degrees, considering that use
of a large effective angle makes it difficult to produce the damper.

However, the above-mentioned existing vibration actuator is
disadvantageous in that the damper may often suffer a permanent strain if an
abnormal stress is applied by external shock or the like.

After studying the reason of the problem caused, the inventor knew that

the existing damper having spiral spring portions with the effective angle smaller



di sadvant ageous in that the danper nmay often suffer a permanent strain if an
abnormal stress is applied by external shock or the |ike. After studying the
reason of the problem caused, the inventor knew that the existing danper
havi ng spiral spring portions with the effective angle smaller 27 August

2003 than 55 angul ar degrees cannot provide a sufficie I gh_.c I ance
against any relatively large external force caused duea?dﬁwgﬁﬂ&%ﬁgé shock

such as (zePP8 BAgDIAF d8bidds @iNoRiprSvide e uicivat lighatapep fdridef agsiasti n t he
radial direction. If subjected to such a |arge external stress, for
exanpl e, aherelhinelyildrgatextarnabftreatausées ddedppeechartical shgoktsiuchas cuit  may
abnormal Iy be displaced.in the radial direction. Such abnornal displacenent
may | eavedtopeimebubstéinextsibitsad melative lyhargeestifimesanal tresedialrdireationaudie t he
inclination of the center shaft of the magnetic circuit. In case where the
strai n orsuhjecteddbisughilarges eytesaal strass, fabm@nigle, wheedbeivibragpni ed to the
danper so that the stability in characteristics would be deteriorated.
Di scl osur@ctoptaris draprad. the maanedcaieus gy abpewhaibs be AR e@ditt"envent i on
to provide a vjbration _actuator ich is capabl e of ipproving a,shock
- resi st anc@¥@ qii&eHo8¢t ablen E’g’ﬁﬁfrﬁ\é\?@'ﬁPWﬁH@’gﬁﬂa%‘eﬁﬂertggi%m%%te{/‘t8 8" a 1 ong
period of. tinme, This inventi 1S.a I cahl.e .t o .o | or havi ng
- an el ect r'S-thﬁmff’ﬁrcaé?dqméfrfgaﬁg%‘?a‘?%h?d'inﬁ %po(ﬂ %y'ﬁgée%g%f%%gsgﬁﬁ%gnet iC
circuit c I.S] : ' L O rLEONpri ses a
support f&%ﬁéeﬁ%gﬁgu@dgﬂgééégesﬁg%gytﬁ?ﬁsgﬁ%ﬁgrmé;[]ngsﬁlbgﬂ%r?%é itta?‘otrr\ltgo t he support

frame. T%W%{reﬁ@ﬁ?épﬁﬁéﬂ ﬁﬂhiert!b%gé} 5914 1the QPabiRy i ehaFadtbAgidRor ti on,

and a plurality spiral™ spring portions connecting the inner and outer
rings. EagBulfod Betesiirateld. spring portions extends in a spiral shape from

the inner ring portion to the outer ring portion and is defined by an inner
spiral slit and an outer spiral slit. The
i re of Invention _

It is therefore an object of._the present invention to provide a vibration
actuator which is capable o'f improving a shock resistance to keep stable
characteristics and high reliability over a long period of time.

This invention is applicable to a vibration actuator having an electro-
mechanical transducer i'ncluding a driving coil and a magnetic circuit comprising
a magnet and yoke. The vibration actuator comprises a support frame and a
damper supporting the magnetic circuit onto the support frame. The damper
comprises an inner ring portion, an outer ring portion, and a plurality of spiral
spring portions connecting the inner and outer rings. Each of the spiral spring
portions extends in a spiral shape from the inner ring portion to the outer ring
portion and is defined by an inner spiral slit and an outer spiral slit. The
damper is characterized in that the effective angle is selected to be an angle
larger than 55 angular degrees.

This invention is applicable to a vibration actuator having an electro-
mechanical transducer including a driving coil and a magnetic circuit comprising

a magnet and yoke. The vibration actuator comprises a support frame and a



danper is characterized in that the effective angle is selected to be an
angle larger than 55 angul ar degrees. This invention is applicable to a
vi bration actuator having an el ectro- mechani cal transducer including a

driving coil and a magnetic circuit comgprising a magnet and yoke. The

vi bration actuator conprises a support frame and a 5 272?%%6512@@@3 danper
supporting the magnetic circuit onto the support frane. anper

conpri sesysApEPIGEpItiRg tRE d PaticaircQittdto tha@uppsitiftime antihe daimyeal ity of
spi ral sp%lﬂﬁg pgértji o[ng connegg{éi ng the inner angpout er rings. Each of the

spiral Spédrﬁﬁrisé@éﬁlim g goveiani Bn duser med pstawe ahdaaplunelity wiepiral ng
portion to the outer ring portion and is defined by an inner spiral slit
and an oumingsportiahs gohhectiar theohnehand spiteratingpr | Ractpof theosgiraispriag
effective spring length of 320 or nore, preferably, 400 or nore. The

ef f ect i vepartiohagxtenagtih d spick tseeperfeam bye inqargingcportiongp toe CUser Reer age
radius (r) and an effective angle (0) of the spiral spring portion., The

ef f ect i vepertigh@nids's diefisedibyedn Bneasraabsid a(flﬁlya%ﬁétﬁraﬁp”@éégtee)af%?ﬁthﬁn i nner
end of the inner spiral slit to _an outer end OI_’ tg out er spi rFI ﬁllit of

. thereof a¥RIBEPENGSOEINONaS AB effesie SPTRS 1@RQIP Rfe 40l O] Bref&lad¥t er i ned

on a spi 14 | BLMASS o BR 1186 1% FBI G0 AR AR TR DB R O e and
t [ lits f ' t j.ral [
por 1 one. 1 Astace ap BT E s AR e ol o i e BBFRCo R RERPREE, 5% 1D
1 nal I L L I i . Th
average radi us | X SHVE ARTEy G E ) S Reap SIS T ™Cr one

(DO of té}?m’r@rie%scfcih?ti@r@%i@q slitt® drPBEter a4 GFthBasutés epiralafit bhe ef fective

angl e and another (D 0) at the term nal angul ar position.

thereof around a center of the damper.

The average radius (r) is determined by an average of various
distances from the damper center to various points on a spiral curve extending
along a central line between the inner and outer spiral slits from an inner end to
an outer end of the spiral spring portions, that is, from a home angular position
of the effective angle to a terminal angular position moved by an angle of the
effective angle 4. |

The average radius is approximately given by an average
((DO + D 8)/2) of one (DO} of the various distances at the home angular position
of the effective angle and another (D 6 ) at the terminal angular position.

Alternatively, the average radius is approximately given by one (Dm) of
the various distances at an angular position moved by an angle of §/2 from the
home angular position to the terminal angular position, that is, a distance from
the damper center to a midpoint on the spiral curve between the home angular
position and the terminal angular position.

With the above-mentioned structure, the effective spring length of the
spiral spring portion can be increased so that the stiffness of the damper for the

radial shock is reduced. As a result, even if the external stress is applied in the



Alternatively, the average radius is approximtely given by one (Dm of the
various di stances at an angul ar position noved by an angle of 0 /2 fromthe
hone angul ar position to the term nal angular position, that is, a distance
from the danper center to a m dpoint the spiral curve between the hone
angul ar position and the term nal angul ar position. VWEP’A@ﬁpstZOOS
above-nentioned structure, the effective spring |l ength of 't spiral spring

portion cgl %ﬁ'Eﬁé@é@?@xﬁﬁmpﬁé}a«%hérﬁ@mf&ibﬁe&%@ct@éto&h@ddﬁm@x ther the radial

shock is reduce result, even if the external stress is applied in the

6 27 AugusbgRbidciré@tisadnigigrppbiaiy displasgodanmhe ragiabdirétiorvabd 8 free act uat or
I s dropped, "'the magnetic circuit 1s only tenporarily displaced in the

radi al difi@ets @fterientfstra@. from any permanent strain. Preferably, the
danper is fornmed by at |east one non-nagnetic netal plate selected from
SUS304, SUS301,Pmifertably, $hé dempephofphed by ehieast angl nenBeagoetianmeagl or an
elastic plastic resin. Preferabl Kl the slits determ ni n% the spiral spring
portions plate sejeded fromSUE304,05UE8 1nbicke! Plvar Lasehar Breitzenmiee Be- a
predetermned interval fromagne another. Brief Dﬁscri ption of Draw ngs Fig.
1A is a ceualogefendiasticpieatioresin. eRraferahly.uhe sils defeanining e sPERly” 1 B'is
a plan view of a danper . illustrated in, Fig. - Fig., 2A is a crass-sectional
. view of 2SRINSYRATIBRS 2F¢ Mmﬁds%%gf% Qﬁh?ﬁgﬁ}é@%agﬁ ARETE9EH L 9 nvent i on-,
Fig. 2B is | an vi ew of damper_illustrated in Fig. 2A; and Fig. 3 is a
cross-sec@ﬁeaﬁ%r”\}ﬁ]%%’?wélS'ngﬁ?gﬂogﬁruator according to another
enbodi nent of this invention. Best Mdes for Carrying Qut the Invention
rief cription of win

Fig. 1A is a cross-sectional view of an existing vibration actuator,

Fig. 1B is a plan view of a damper Hustrated in Fig._1A;

Fig. 2A is a cross-sectional view of a vibration actuator according to an

embodiment of this invention;
Fig. 2B is a plan view of a damper illustrated in Fig. 2A; and
Fig. 3 is a cross-sectional view of a vibration actuator according to

another embodiment of this invention.

Best M for Carrying Qut the Invention

Prior to description of preferred embodiments of this invention, an
existing vibration actuator will be described with reference to Figs. 1A and 1B,
s0 as to facilitate understanding of this invention.

Referring to Fig.1A, the vibration actuator shown therein has an electro-
mechanical transducer of the electro-dynamic type and has a cylindrical shape
with a center shaft 4. Around the center shaft 4, a magnetic circuit is formed
by a yoke 1 having a peripheral side wall, a plate 3 arranged inside the yoke 1,
and a disk-shaped permanent magnet 2 interposed between the yoke 1 and the

plate 3. The permanent magnet 2 and the plate 3 are surrounded by the



Prior to description of preferred enbodi nents of this invention, an
existing vibration actuator will be described with reference to Figs. 1A and
1 B, soas to facilitate understanding of this invention. Referring to

Fig. 1A, the vibration actuator shown tpherein has an el ectro- nechani cal

transducer of the electro-dynamic. type and has a cylindgi gcal with a
center shaft 4. Around the center shaft 4, a magnetic cﬁ?c‘gwuﬁﬁgﬁﬁ(ﬁ?md by

a yoke 'gégii}ShEQal%icPeegjaFﬂfb?rtﬁ‘é géiké’@ %é’n%a:’qr@t%t%@isaé [SngRdcbosida the yoke

1, and sk-shaped per manent magnet nt erposed between the yoke 1 and

the platRivhg dGIEoPRIVRIESSI SROMShodedMtHdaBhatie gdpag.e surrounded by the 7
27 August 2003 peripheral side wall of the yoke 1 and a magnetic gap is 6

left therebet weediskAhatbel darhgecPTd sOppomy tHgmeginketid dirguditsposesl in the
magneti c gap 6. A di sk-shape danper 170 supports the nmagnetic circuit 1-4 on
a supporuphoefemrie SThel adgraped 700 comprisgearaimniennieg partign 4@t eon 171, an
outer ring portion 172 and a plurality of spiral spring portions 173

connect i myterhéng parien Bfdiaodeaiurdlifgobspital spsing Tdortioas 172 aconeating theer .

Each of the spiral spring portions 173 is determned by its inper spiral
slit 174 innRl andowler singspiens 1€1 iand1&? tospacthgtherar Bash of ke §PER! axi s of

the danper 170 fromap_inner end of _the inner spi sli.t 174 and an outer
end of t $ETBARATIARS 4P t%aﬁermmd Ry dgirRerepirad ﬁﬁq {'@{ apgdis %%ﬁ@f[ﬁ'ar

DA L T N S ERL R RSO M
B AR er i SR B oL RSB IR RORL A 17 B eleced o, e
sy AP SEE by s fece of Ll Lmer g partl oy 1

ring portion 17%d Genter shaft 4 is in a form of a bolt and fit into a center hole in the

magnetic‘circuit 1-4 through a center hole of the inner ring portion 171 of the

| damper 170. Therefore, the magnetic circuit 1-4 and the damper 170 afe

disposed coaxial with each other, and the magnetic circuit 1-4 is fixedly

attached to a lower surface of the inner ring portion 171 at a center of the

magnetic circuit and at the side of the plate 3.  The outer ring portion 172 is

fixed to the support frame 9. Accordingly, the magnetic circuit 1-4 is elaéticatly

supported on the support frame 9 by the damper 170. |

The driving coil 6 is fixed onto a lower surface of the outer ring portion

172 by means of bonding or adhesive agent. A buffer member or shock

absorber 8 is disposed between the support frame 9 'and the outer ring portion

172 and is fixed to both of them by means of bonding or adhesive agent. The

buffer member 8 prevents generation of noise resulting from collision between

an upper end of the side wall of the yoke 1 and the support frame 9 during

vibration of the magnetic circuit 1-4.

The support frame 9 is in a form of a ring and is made of a plastic resin
or other rigid material. Athin plate cover 10 as a vibration plate is mounted on

the support frame 9 and dispcsed over the damper 170. The thin plate cover



fixed to the support frame 9. Accordingly, the magnetic circuit 1-4 is

el astically supported on the support frane 9 by the danper 170. The driving
coil 6 is fixed onto a | ower surface of the outer ring portion 172 by neans
of bonding or adhesive agent. A buffer genber or shock absorber 8 is

di sposed between the support frane 9 and the outer ring rtion 26§§ and is
fixed to both of them by nmeans of bondi ng or adhesive a ﬁquﬁ% ffer
menber 8 poedeNhs ngRiesRtheansd nimeds ¢fabylsubpartfframe dotbl a singte pattween  an
upper end of the side wall of the yoke 1 and the support frame 9 during
vibration of thén nspgrmroincwd:\ienwdtlviﬂ]glncfhe‘eshpbmetlofmearﬁzeq@einsyiisn a formof a
ring and is nade of a plastic resin or other rigid material. Athin plate
cover 10 asppliad tor thei dnving aoik 5i thenoagnetic sircuit A s&qa;pmcatm@b(rmoge&ﬁa

di sposed over the danper 170. The thin plate cover 27 August 2003 10 can
be made ovibratessare weeldiregtiopfofithe censsheft4 aﬁﬁaw&ﬁ 61%0‘1@4“%4 gpparted | n

operation, when a driving AC current of the Io e upplledto
Che. ari vi ki tos PHaSioty RE HHRigReA! S5 09 RaTlion 173 LR 5e BENEGNY CRmR G
vi brat es

: sulopo_rte?ﬁﬁwn@rﬁgoﬁl'%gﬁ%gﬁéﬁ h?ff"lﬂéﬁgrﬁﬁ Eg't”%r?ﬁ gﬁégﬁﬁ?gﬁﬁﬁui%awtts fle): oy
%070 T8 s B 4 ThereeR e Ehuabdy B RO R Ry PROR Ik e "boay
attachi ”gahgﬁgﬁwﬁ%%%@mﬁ%%%ﬁ sﬂwBré:llo%te cover 10 can detect the

vi bration cur ren as an audi o frequency, not the

magnetic  Circuigmdiind am.% In¢t BGrreA r|1a§aH 'at&rd?r’é ﬁéq@énémo@m mddrtigency,

because the magnetic circu | S supported by the danper 170 having the high
conpl i ancejrcuiff Bet MHebdrlih @ BonE Jiheitsl hvinegawib reuiedcy rsstsitisettad to the thin

pl ate cover 10 through the outer ring 172 and/or the support frame 9. Thus,
t he thin magnetic circuit is supported by the damper 170 having the high compliance.
The vibration of the driving cail 5. is transmitted to the thin plate cover 10
through the outer ring .172. and/or the support frame 9 Thus, the thin plate
cover 10 vibrates at the audio frequency and produces audible sound.
The existing vibration actuator shown in Figs. 1A and 1B has the
problems as described in the preamble.
Now, embodiments of this invention will be described in detail with
reference to the drawing.
Referring to Figs. 2A and 2B, a vibration actuator according to one
embodiment of this invention is substantially similar to the existing one as
shown in Figs. 1A and 1B and comprises a yoke 1, a permanent magnet 2, a
plate 3, a center shaft 4, a coil 5, a damper 270, a shock absorber 8, a support
9, and a thin plate cover 10. The similar parts are represented by the same
reference symbols and are not again described in detail.
The damper 270 is essentially similar to the prior damper 170 in that it
comprises an outer ring portion, an inner ring portion, and a plurality of spiral
spring portions each of which is determined by an inner and an outer spiral slits

extending therealong from the inner ring portion to the outer ring portion.  In



cover 10 vibrates at the audio frequency and produces audi bl e sound. The

exi sting vibration actuator shown in Figs. 1 A and 1 B has the problens as
described in the preanble. Now, enbodinents of this invention will be
described in detail with reference to the drawing. Referring to Figs. 2A and
2B, a vibration actuator according to one enbodi nent of7t 1S 1IN ﬁg&ion S
substantially simlar to the existing one as shown in giggygﬁifg 1B and

conpri SeSFig. ¥ ofke iﬂmeﬁriﬁg'p@?ﬂnﬁﬂtth@@m@tri% pértionl ﬁteespﬁralc’spmgt;ﬁ:rrti@r!i@ft 4, a
coil 5, a danper 270, a shock absorber 8, a support 9, and a thin plate
cover 10.arththesinnel and partérsspira stigparesepresd nbgd bheefeserce nefrerelsc isynbol s
and are not again described in detail. The danper 270 is essentially simlar
to the prd7d, 203nR&d arikD265 relpectively. c ot inpes riag aartien 27 rendihet 9Wa! an
inner ring portion, and a plurality of spiral spring portions each of which
i s det er MAgeROiPNAY 3 arglixethid e oageetizpirewl 1< #rd thesuepent fgMadr eal ong
fromthe inner ring portion to the outer ring portion. In 9 27 August 2003
Fig. 2, t/B8PEEMEY.ring portion, the outer ring portion, the spiral spring

ortions, and the inner d outer spiral . slits are represented.by reference
omerals 271 Hbdanper 238 mankessate ol abkast QORI EASIS Y por 1 on

and te JURSSA Sestad BoR hisabe SO Wk Chshih PRoRPrafi- R Bl oo

| east onq_?glaﬁg}t]’:O%%ﬁ%%-gﬁ@g%%h?%yiﬁgyi% sel ected from SUS304, SUS301,

ni ckel siTver, “alloy, and plastic resin having
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spring portion 273 I's a characteristic of the present invention.

portion 273 which is a characteristic of the present invention.

As illustrated in Fig. 2B, the damper 270 is provided with a pfural!ity of
slits (three is shown). Each of these three spiral slits spirally extends from the
innér ring portion 271 to the outer ring portion 272 and over an angular région of
180 degrees or more arbund the center of the damper 270. Those three spiral
slits are equi-angularly arranged around the center of the damper. Adjacent
two of the three spiral slits in the radial direction determine one of the three
spiral spring portions therebetween. In the figure, reference numerals 274 and
275 represent the two spiral slits determining a particular one of the spiral slits
273.

Each of the spiral spring portions 273 has an effective angle § of 55
angular degree or more. The effective angle ¢ is an angle between an inner
end of the inner spiral slit 274 and an outer end of the outer spiral slit
determining each one of the spiral spring portions 273.

Further, each of the spiral spring portions 273 has an effective spring
length of 320 or more, preferably, 400 or more.

Herein, the effective spring fength is determined by a product (r- &) of
an average radius (r) and an effective angle ( ) of the spiral spring portion.

The average radius (r) is determined by an average of various distances (by a



As illustrated in Fig. 2B, the danper 270 is provided with a plurality of

slits (three is shown). Each of these three spiral slits spirally extends

“fromthe inner ring portion 271 to the outer ring portion 272 and over an

- angul ar region of 180 degrees or rmrellaround the center of the danper 270.
a

Those three spiral slits are equi-angularly arranged ar er of

t he danper. Adjacent two of the three spiral slits in %ﬁgﬂl"]éggtagsg?r ection
det er mi neupief dhni"herothtreedasper abnikptd REripes poimts ohhespibalitovrea (whitht he
figure, reference nunerals 274 and 275 represent the two spiral slits

det er m ni isgsrovprabyianudicttedbhiee ehowheén sipé spiraldpring EaBonE2aéhindfigt BB) spi r al
spring portions 273 has an effective angle 6 of 55 angul ar deg/ree or nore.
The ef f ecEkieadinytiong a sentnaldingl ketheendbea innerianteputes sgiref siith /gt spir al
slit 274 and an outer end of the outer spiral slit determ_ning each one of
the spirak78fiormgngonen end teap outer endpf theatirad SPERG P@dﬁ'?%ﬁ%ﬁ'\ aA¢S.porti ons

273 has an effective spring _length of, 320 or nore, preferabl 400 or nore.
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the various distances ét an angular position moved by an angle of /2 from the

home angular position to the terminal angular position, that is, a distance from

the damper center to é midpointjon the spiral curve betweén the home anguiar

position and the terminal anguiar position.

As illustrated in Fig. 2B, each of spiral slits (a particular one 275 is

representatively illustrated) has a shape determined by an radial inner contour

line a and a radial outer contour line b so that the slit width of the spiral slit is

increased at the inner and outer end portions.  The radial inner contour fine a

comprises a spiral line a1 extending from an outer end E1 toward the inner end

E2 of the slit and a circular arc a2 in the vicinity of the inner end, the circular arc

a2 being concentric with the inner ring portion 171.  The radial outer contour

line b comprises a spiral line b1 extending frbm the inner end E2 toward the

outer end E1 of the slit and a circular arc b2 in the vicinity of the outer end, the

circular arc b2 being concentric with the outer ring portion 172.  The above-

mentioned configuration of the spiral slit contributes to further reduction the

amount of the material of the damper 270 left between the inner ring 271 and

the outer ring 272. Therefore, rigidity of the spiral spring portion 273 and the

radial rigidity of the damper are reduced.



((DO+ DB )/2) of one (DO of the various distances at the hone angul ar
position of the effective angle and another (D 6) at the term nal angul ar
position. Alternatively, the average radius is approximately given by one
(Dm of the various distances at an angfl ar position noved by an angl e of
612 fromthe hone angular position to the term nal angﬂb% gosi%d)gg, t hat
is, a distance from the danper center to a m dpoint on u lﬂﬁtr urve

between the ho”l‘ﬁ.tﬁ@%‘zﬂg%-erggﬁ!i%#é?ﬁsﬁﬁ'&u?é‘,ﬁhé‘%ﬁtﬁﬁaﬂah a%ﬂ%{%)%pé’&iééirgfhe As

illustrated in Fig. , spiral slits (a particular one 275 is
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radi al inner contour line conprises a spiral line al extending froman outer
end El tdeagth inbeedsedeandceredativiEly bight demplianceatite anagnetiolarcuiiraanadbiatet he
vicinity of the inner end, the circular arc a2 being concentric with the

i nner ri nyitharrelagivelyriargeramplitidiessind oge thereferedre radusedinsédpendes a spiral
line bl extending fromthe inner end E2 toward the outer end El of the slit

- and a ci rwelB8t arc b2 in the vicinity of the outer end, the circular arc b2

bei ng concentric with the outer ring portion, 17 nent i oned
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circuit can vibrate

In the embodiment of Figs. 2A and 2B, the thin cover plate 10 is fixed to
or integrally formed with the support frame 9. However, the cover plate 10 can
be omitted in a modification. In the case, an apparatus to which the vibration
actuator is mounted have a diaphragm or other thin plate which receives
vibration of the coil through the support frame and produces a sound due to the
vibration. |

The damper 270 in Figs. 2A and 2B has the inner and buter ring
portions 271 and 272 which are shown to have axial length larger than the
thickness of the spring portions 273. Thus, the inner ring portion 271 is a
center rib, hub or boss of the damper 270 and the outer ring portion 272 is an
outer rib or rim. . However, the inner and outer ring portions 271 and 272 can
be formed to have the thickness equal to that of the spiral spring portion 273, in
a modification of the damper.

Further, the shock absorber 8 can be omitted in an arrangement of the

support frame 9 and the yoke 1 where the yoke 1 does not collide o the support

frame 9 when the magnetic circuit 1-4 vibrates.



with a relatively large anplitude and Gan therefore be reduced in size and
wei ght. In case where the magnetic circuit is subjected to any radi al
external force, for exanple, when the vibration actuator is dropped, the
magnetic circuit is displaced in the radial direction. Even in this event,

the danper itself and spiral spring pb?tions are free f an nent
strain because they has the radial rigidity reduced. |#7?ﬁ]898%%2§?§§m of
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The outer ring portion 272’ is fixed to the lower surface of the support frame 9',

so that the support frame is disposed over the damper 270".  In the

arrangement of the support frame, the yoke 1 does not collide to the support

frame 270'. Therefore, the shock absorber is omitted.

This damper 270’ is made of a plate of the material described above,

by punching method. The thickness of the piate is dependent of the size of

actuator. In use for a ringing actuator assembled in a cellular a mobile

telephone set such as a cellular telephone set, it is preferably about 0.1-0.3mm.

Samples of the vibration actuator having the structure of Fig. 3 and a

size of outer diameter of 15mm were produced with different dampers which are

made of various materials described above and have different effective spring

lengths. Those samples were subjected to the drop test where each sample

was attached with a stopper necessary for vibrating and fixedly mounted in a

plastic case having a weight of 100 grams, then dropped on a concrete floor

from a height of 1.8 meters. Deformation of dampers of the dropped samples

were observed.  Test results are exemplarily demonstrated for dampers made

of SUS304 in Table 1.



The support frame shown at 9" is in a ring shape and is not provided with a
thin cover plate. The danper shown at 270" is forned froma thin elastic
plate so that inner and outer ring portions shown at 271" and 272" have the
same thickness of the spiral spring ppgtion shown at 273'. The inner ring
portion 271" is fixed to the magnetic Circuit 1-4 by u ter -
shaft 4 like a bolt through an elastic spacer 11 whi ch§9 R"d?é%gzs(gggand

cl anped between the inner ring portitgme2i7/l’ and the magnetic circuit 1-4,
speci fi cal | y —the magneti-c-plate-3—Fhe—outer—+ng—portton272—t+s fixed to
the | ower suffA¥age @RRISsUpport frame 9 , 4 SO that the suppogts frame is

di sposed ovef the {anper 270'. In the arrangenent of the sunnort frame, the
yoke 1 does hogffegtivd geqiko 't he _support ifra 270:; t he shock
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the drop test but the damper being still usable, and no deformation of the

damper caused by the drop test.

It is understood from Table 1 that the effective length is advantageous!y

320 or more, and preferably, 400 or more.



Average radius46.5 (r) Effective angl e558010013016080 Effective

| engt h220320400520640520 (r 8) Resistance forxoooo dropping In Table 1, the
average radius (r) is based on the distance (Dm) at the mddle angle
position. Marks x, A and O represent | adge deformation of danper caused by
the drop test, small deformation of the danper caused bé7 éhe d{g@ est but
t he danper being still usable, and %#gﬁf rmation of th YHEE 209%3sed by
the drop test. It is understood fro ab'e 1 that the effective length is
advant ageously 320 or nore, and preferably, 400 or nore. 14 CLAINMS 27
August 2003 1. A vibration actuator having an el ectro-nmechani cal transducer
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spiral shapé fromthe inner fing '‘portidn to the outer ring portion and is

defined Byanae éd?cﬂ'%n%rﬁ%mﬁrgégﬁ%%mnﬁ@rﬂHb%forﬁ@rﬁ,réﬁ oufdri Aing WB&IA Rngach of

the spiral spring portions n effective spring length ™ determ ned by an
effective gngdiey af opigl sorrgi@tioRs coRecemnp e fireMaa diReFings, each of

the spiral spring portions extending in a spiral shape from the inner ring portion
to the outer ring pertion and is defined by an inner spiral slit and an outer spiral
slit, wherein each of the spiral spring portions has an effective spring length
determined by an effective angle around a center of the damper from an inner
end of the inner spiral slit to an outer end of the outer spiral slit of thereof, the
effective angle being selected to- be an angle larger than 55 angular degrees.
2. Avibration actuator having an electro-mechanical transducer
including a driving coif and a magnetic circuit comprising a magnet and yoke, a
suppoit frame, and 2 damper supporting the magnetic circuit onto the support
frame, said damper comprising an inner ring portion, an outer ring portion, and
a plurality of spiral spring portions connecting the inner and outer rings, each of
the spiral spring portions extending in a spirat shape from the inner ring portion
to the outer ring portion and is defined by an inner spiral slit and an outer spiral

slit, wherein each of the spiral spring portions has an effective spring length of

at least 320 mm.degrees. preferably, 400 mm.degrees or more, said effective spring length is
determined by a product (r. #) of an average radjus {r) and an effective angle (&) of the

spiral spring portion, and said effective angle is determined as an angle (by
angular degree) from an inner end of the inner spiral slit to an outer end of the
outer spira! slit of therzsof around a center of the damper.

3. Avibration actuator as claimed in claim 2, wherein said average

radius (r) is determined by an average of various distancas (by a unit of *‘mm”}




end of the inner spiral slit to an outer end of the outer spiral slit of
thereof, the effective angle being selected to be an angle |arger than 55
angul ar degrees. 2. A vibration actuator. having an el ectro-mechani cal
transducer including a driving coil aR@ a magnetic circuit conprising a

magnet and yoke, a support frame, and a danper supportlzt}gAng tr@@agtlc
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connecti ng, hhe hhgrbeéu]u@@ﬂ tﬁé'ﬁrﬁ{erréﬁlﬁﬁute? éh’a%lltstfhﬁn%?f indkr %Hﬁ'tegarpeﬁférons

extendlng In a spira e |1 nn ring portion to the outer rlng

portion b$ @#l%%pﬁ)‘n %gdi@ﬁ@rthépfsr Wo@b'ﬁon@@%n?@'é?*ﬁ@ft@rpbfﬁ*e slit,

wherei n eac S |ra ring portions has an effective spring Iength of
at | east r@ £ eS8 te PR fa%é}éhbéwgﬁ@ﬁlow%@ewmam@ngw@fth&aefae@fvfeectIve
spring | engt eterm ned a product (r. an average radius (r)
and an ef;;@_éfqélpe angle (B) of the spiral spring portion, and said effective
angle is deternm ned as an angle (by angular degree) froman inner end of
the inner spirad shivibrhflomactudier agrthivkdtihelaipuRewhepginadaidkiverare t her eof
around a center of the danper. 3. A vibration actuator as clainmed in claim
2, wher einadfa ig apreagaatelyagivers bgra)n agerdged(DOned dy2pof aner(Be obthevari ous

di stances a(nj%Yxs ﬁls'rg?l'cEs ﬂfmn#E Qn}j oﬁhg VO sROARkink 0? hohﬁc :ﬁé’c’%zﬁ[ﬂgrent '?he
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spiral speimigabozuizopssitivhat is, froma hone angul ar position of the

effective angle to a_term nal angul ar . position | e of the

effective angl® G Vibralioygphuaieioss 5@"8‘5%? Cg%”'bnE gr@EFy? t‘?éﬁ?ﬁa@e wher ei n

sai d average .radius pr.oxi v + DO0)/2) of

one (DO 'BFUSHE aRPé?’I“B'l?égT |9é‘t’%{hgas° Eﬂﬁxgptﬁﬂﬁé?l?s[ﬁ@%% Hiral slit

nmaki ng ofang@ae pasiyon anoyedshyt izorengle of & /2 from inner_end of the inner spiral slit
making of a home angular position to outer end of the outer spiral slit making of a
terminal angular position, that is, a distance from the damper center 10 a

midpoint on the spiral curve between the home angular position and the
terminal angular position.

6. A vibration actuator as claimed in claim 2, wherein said damper is
formed by at least one metal material selected from SUS304, SUS301, nickel
silver, phosphor bronze, and a Be-Cu ailoy.

7. Avibration actuator as claimed in claim 2, wherein said spiral slits
determining said spiral spring portions are equi-angularly formed around a
center of said damper.

8. An vibration actuator as claimed in claim 2, wherein each of said
spiral slits has a shape determined by an radial inner contour line (a) and a
radial outer contour line (b) so that the slit width of the spiral slit is increased at
the inner and outer end portions, said radial inner contour line (3) comprises a
spiral line (a1) extending from an outer end (E1} toward the inner end (EZ) of
the slit and a circular arc (a2) in the vicinity of the inner end, the circuiar are (a2)

being concentric with the inner ring portion (17 1}. and said radial outer contour



of the effective angle and another (DO at outer end of the outer spiral
slit making of a term nal angular position. 5. A vibration actuator as
claimed in claim2, wherein said average radius is approximtely given by
one (Dm of the various distances at %r angul ar position noved by an angle
of 0 /2 frominner end of the inner 331 al it making O%?%uhgfﬂﬁ | ar
position to outer end of the outer spiral slit makin . mnal angul ar

posi ti Ondpggéfogémgnéefhsépﬂﬁ?ﬁnérgt?{)n éﬂ@n&'nﬁgﬁ%m%@qmert&di (E2)kBQJaRd tie t he

spi ral l'ar “posttion and the term nal angul ar

position | k 1dri(BRrin thedlicih iy 2 theutirengai d danper
is for rreé@% eﬁﬁd’ %Z@ttﬁgr?gpér%?g%@?aer |ral sgl ected f'rn(/)m SUS304, SUS301,

ni ckel  ghé Eﬁéula%ﬂ?%ﬁ%e‘iﬁ@ﬂéﬁeerﬂﬂd with fBe-ddieatihgyortion M ZQ)br ati on act uat or
as claimed in claim wherein said spiral slits determning said spiral
spring portions are equi-angularly formed around a center of said danper.

8. An vibration actuator as clained in claim2, wherein each of said spiral
slits has a shape determined by an radial inner contour line (a) and a
radi al outer contour line (b) so that the slit width of the spiral slit is
increased at the inner and outer end portions, said radial inner contour
line (a) conprises a spiral line (al) extending froman outer end (El)
toward the inner end (E2) of the slit and a circular arc (a2) in the
vicinity of the inner end, the circular arc (a2) being concentric with the
inner ring portion (1'1), and said radial outer contour 16 27 August 2003
line (b) conprises a spiral line (bl) extending fromthe inner end (E2)
toward the outer end (El) of the slit and a circular arc (b2) in the
vicinity of the outer end, the circular arc (b2) being concentric with the
outer ring portion (172).



