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DESCRIPTION 

VIBRATION ACTUATOR HAVING MAGNETIC CIRCUIT . 
. . ~ . . . 

ELASTICALLY SUPPORTED BY ASPIRALDAMPER . 

. ·WITH INCREASED COMPLIANCE. 

Technical Field 

This invention relates to a vibration aci1,1ator·L1sing an eledrc>-. 

mechanical-transducer including a magnetic circuit and a driving coil and ~aving. 
· a damper elasticall~ supporting the magnetic circuit; and in particular to a: 

· · strudure of the damper. 

Bac;kground Art· 

. An eledro-c:tynamic type of the eledro~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 moving coil or 

ribbon; the moving coil or ribbon vibrate$ relatively to the magnetic circuit. A 

frequency ~f the vibration is dependent on a freque,ncy of the driving AC current. · 

Since the moving coil. or ribbon is applied with the driving AC current and. moves . · 

or vibrates, it is refe.rred 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· 

conneded to the moving coil or ribbon directly or through the damper, it is 

v_ibrated at the audio frequ~ncy to p~duce sound. · This is well known as an 
. ; . . 

eledro-dynamic speaker. 

i 
! 
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.. · 
On the other hand, a.n electro-magnetic type of the electro-mechanical .. 

transducer comprises a· magnetic circuit comprising a m.a9net, magnetic yoke 
and a driving coil wound on the rnagn~tic yoke and having·amagnetic gap 

formed therein, and a ·magnetic •rmature .or a small· magnetic piece as a moving 
. . . . . . . .· . . 

... . 

element disposed in·the ·magnetic gap; .. when the driving AC current is applied 

. to the driving c6.il, the magnetic armature vibrates at a frequency of the driving 

AC.current ·The electromagnetic type transducer is also used .. for a·speaker · . 

. Where .the magnetic armature is connected to a diaphragm or a thin plate .. 

. In th$ ~leCtro-mechan.ical transdueer of either one of the two types 
. .. ·' . ..· . . · .... ~ . . . 

described above, the magnetic circuit can be vibrated at a -low frequency which 

is lower than the audio frequency by supporting. the magnetic circuit through a 

. damper ontoa•rigid support member orfrarrie,. by fixing.the moving.element to 

the support member directly or through a low compliant elastic member,. and by 

applying to the driving ·coil a driving AC current .of the low frequency. The 
.. 

·vibration is transmitted to the support member through the damper. . Therefore, . 

when a_persori attaches the supportmeniber or.a materialfl?<ed.to the support, 

he can feel the vibration througtl 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 frequen·cy 
.· . . . . . . . 

is applied to the driving coil, the moving element vibrates atthe ·audio frequency .. 

The vibration is transmitted to the support member. When a thin plate or a 

diaphragm is joined to the support member, it vit;>rates to produee 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 communieation.(torexample, see 

. Japanese·unexaniinedPatentApplicaticms (JP-A) No. H10-165892 and No. 

·. H 11 ~02792L 
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· These :Japanese publications disclose a dumber having spiral spring· . · 

portions for s~pporting the magnetic circuit as shown in Fig. 5 of JP-A '89~ and 

al~o -i~ Fig.· 5. of JP-A •921. The damper is niad_e of an eiastic disk of such as a · 

metal plate and comprises an. in:ner ring portion,. outer ring portion and a . 

plurality of spiral spring portions connecting between the inn~r and outer ring 

portions. The inner ring and the ·outer ring are fixed to the magoetic circuit and •. 
. : . . . . . . . . 

the support fra_me,. respectively. ·. 

Each of the spiral ·spring portions extends frorn the inner ring portion to · 
the outer ring portion in spiral shape and is defined b)' an ·inner spiral slit an~ an 

. . ·. . . . . 

outer spiral slit. In the structure, even if the damper is limited in.its radius, . . . . ; . . 

each of the spiral spring portions has a long size·cornparing radial spring anns 

· formed ·within the limited radius. . Therefore,· the magnetic. circuit can be . 
. . 

=elastically supported by the spring portions With a high compliance comparing 
. . . . ... 

with the limited· radius of the damper. · · 

In an existing one of the damper ·having. the spi~I spring· portions, an 

ef*.:tive 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 tC> . . 

. ar1 outer end of the outer spiral slit. · The angle is hereinafter reterred ~o 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 peimanentstrain if an · 
. . 

abnormal stress is: applied b.Y ·eXtema_I shock or the ·1ike: 

· After. studying the reason of the ·problem caused, the inventot knew that 

. · the existing damper having spiral spring portions with the _e~cth1e angle smaller 
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than 55 angular degrees cannot provide a sufficient. big~· compliance against 

'·any relatively large exterrial force caused due to mechanica.1 shock such as . . 

dropping but still exhibits a relatively large stiffness in the radial direction. "If 

· · subjected to such a large external stress, for example, when the vibration . 

. actuator is dropped, the magnetic circuit may abnormally be displaced in the 

. radial direction. ·.Such abnormal ~isplacement may leave the: permanent strain 
·. . . . ' ... : . . ·. 

·in the d~mper and may further_ cause_ the i~clination of the center shaft of the 
. . . . 

magnetic circuit. In case where the stra.in or the inelination is great, the 

. abno~al stress is applied to the dampe.r so that the $tability in char~~eristiC:S 
.would be deteriorated. 

Disclosure Of Invention 

•it is therefore .a·n object <>f the ·present invention ·to provide· a vibration 

actuator which· is capable of improving a shock resista·n~ to keep stable 

characteristics and high reliabHitY over a long period oftime. 

This invention isapplicable·to a vibration actuator having an·electro-. · . . 

mechanieal transducer including a drtving con and a -magnetic circuit comprising 

a magnet and yoke; The vibration.actuator ~mprises a support frame and a ·. · 

damper supporting the ma·gnetic circuit onto the support frame. The damper · 

comprises an inner ring portion, an outer ringportion, and a plurality of spiral 

spring portions conneCting the inner and outer rings. . Each ·C>f the ·spiral spring .. 
. . . . . . . . 

portions extends in a spiral.s~ape from the inner ring portion to the outer ring . 
. . 

:portion and is defined by an inn.er spiral slit and an outer spiral slit .. The 

damper. is characterized iri that the eff~ctive angle is sele~ed 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 aCt:uator comprises a s_upport frame and a 
.' . ' . . . 
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. ~amper supporting the magnetic cireult onto the support frame. The damper · 

comprises an-inner ring portion, .an outerring 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 spi~al slit Each of tlie 
. . . 

spiral· spring portions has an effective spring length of 320 or more; preferably, 
. . .. . 

·. 400 or more. The effective spring length is determined by a product (r· 8) Of 
. . 

·an average radius (r) and an effective angle ( O)of the spiral spring portio~ ... 

The effective angle is determined as an angle (by angular degree) frpm .. ·· 
. . . . 

an inner erid of the inner spiral slit to an outer end .of the· outer spiral slit of . 

thereof around a center of the damper. . . . : 

The average radius (r) is determined by an average of various 
. . . . . . . ; . . . 

· · di~tances from the damper centerto various points on a spiral curve extending 

. along a central line between the inner arid outer spiral slits fro~ an· il:mer end to .. 

an outer end of the spiral spring portion$, that· is, from a horn~ angular position · 

·-of the effective angle to a terminal angular position moved by an ~ngle of the·. 

effeetive angle 8 .. · . 

. The average ·radius is approxirnate_ly 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 8 ) at the terminal angular position. . 

Alternatively, the average radius is approximately given" by one (Om) of 
the various distances at an angular position moved by an angle of 812 from the 

home angular position to the terminal angular position, that is, a distanee from .· 
. . : . . . . 

the damper center to a midpoint on the spiral curve between the home angular 

position and the term~nal angular position. 

With the above-mentioned structure, the effective spring iength of the 
. ., . . . . 

. ·:spiral spring portion can be inc~ased s~ that the stiffness of the damper for the · · 

radial· shock is reduced; As a _result, even if the external stress is applied in the · 
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radial directi()n, for exaffiple, when the vibration actuiltcfr is dropped, the ,' ·. 

··magnetic circuit is only temporarily displaced in· the radial direction and is free· 

from any permanent strain . 

. · Preferably,. the damper. is.formed by at least 011e non~magnetic metal 

plate selected from SUS304, SUS301, nid<el siiver, phosphor bronze, and a Be­

.· Cu alloy or an elastic plastic resin. Preferably,. the slitS determining the. spiral · 

.spring portions ·are formed in a disk of the metal plate alid are arranged at a .·. 

· predetermined interval from one another . 

. Brief Description of Drawings 

. Fig .. 1A is a cross-sectional view Of an existing vibration a~uator; . · 

Fig. ·1e is a plan view of a damper illustrated in Fig; 1A;·· 
. . . . . ·. . . . . 

Fig. 2A is a cross-sectional view of a vibration actuator acci>rding 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-seCl:lonal view of a vibration aCtuator according to . 

anothe( embodiment of this .invention. 

Best .Modes for Careying Out the lnventjoO 

. Prior tO description ofprefen-ect embodiments of this invention,. an 

existing vibration actuator will be described with reference fo Figs. 1A and 1 B,. 

so as to facilitate understanding of this invention. 

Referring to Fig.1A, ·the vibration actuator shown therein has an eleetro­

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 yo.ke 1. having a peripheral sidf! wail·, a plate 3. arr~nged. 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 . 
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perip_heral side.wall of the yoke 1 and a magnetic gap .is 6 left therebetWeen. A 

driving.coil or moving coil 5 is Qisposed in the magnetic gap.6~ 

Adisk:.Shape damper 170 supports th~ magnetic circuit 1.4 on a. 
. . . . 

support frame 9. The damper 170 eomprises a".1 inner ring portion 171, an 

outer ring portion ·172 and a plurality Of spiral spring portions 173 connecting· the ... 
. ' ' 

inne·r and outer ring portions 171 and 172 to .each other. .. Each of the spiral· 
. . .. 

· spring portions 173 is detennined by its inner spirafslit 17 4 and its outer spiral 
' ' 

· · slit 175. · An angle around a. center axis of the damper 170 from an inner end of • · 

the inner spiral slit 17 4 and an outer end of the outer spiral .slit 175 is selected 

smaller than 55 angular degrees: 
. . . . .- .· . . . 

. The center shaft 4 is in a form of a bolt and fit into a center hole in the ·· 

'mag~etic 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 are. 

disposed coaxial with each other,· and the magnetic.ci.rcuit 1-4 is.fix~dly . 

attached to a lower surface of the inner ring portion 171 at· a centef of the .. ·. 

· .. magneti_c circuit.and at the side of the plate 3 .. The.outer ring p~rtion. 172 is 
. . . .. . 

· f~d. to the support frame 9. Accordingly, th~ magnetic circuit 1-4 is elastically. · 

·. supported on the· su.pport fra~e .9 by the damper 170. . 
. . . . . 

. . . . . . . . ' . 

The driving eoil 6 is fixed. onto a iower surface of the. outer ·ring. portion. 

172 by means .of bbnding or adh.esive agent. . A buffer member or shock 

'' absomer_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 ~etweeri 
. . . . 

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

vibration of the magnetic circuit 14. 

• The _support frame 9 is· in a form of a ring and is made of a plastic resin. 

or other rigid_ material. A thin. plate cover 10 as a vibration plate js mounted on 

· . the -support frame 9 and disposed over the damper 170. · The thin plate cover 
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10 can be made of the same material Of the support-~ran_le into a single part: 
. . ·.. . . . 

In operation, when a di'ivh'lgAC cu.rrent of the lower frequency is 
,. . . . 

supplied to the driving coil 5, the magnetic circuif1-4 reciprocatingly moves or .. 

vibrates in ari axial direction ofthe cent~r shaft 4 because· it is flexibly supported · 
. ·. . . 

by the elasticity of the spiral spring portion 173 with a relativ~ly high compliance .. · . 

. The vibration is transmitted through the damper 170 to the support 9 and the . · · · ·· 
. . . . 

thin plate cover 10; Therefc>re, the human body attaching the support frame 9 · 
. .. . . 

··and/orthin.plate eover 10can detect the vibration . 

. When the driving AC current has an .audio frequency, not.th~ ·m~gnetic . . •. . ' ; 

· circuit but the driving. coil· 5 vibrat~s at the audio frequency, ·because the .·· 

. inag.netic circuit is supported by the damper 110· having the· high compliance. 

The ·vibration of the driving· coil 5 ·is transmitted to the thin plate .cover 1 o 
through the outer ring 172 and/or the support frame 9. Thus, the thin plate 

cover 10 vibrates at the audio frequency.and_pro~uces audibie sound. 

· The existing vibration aduate>r shown in Figs. 1A a~d 1 B has the . 

·. problems as described in the preamble. 

Now, embodi.ments ofthis invention ~ill be described in :detail with.· . . 

reference to the drawing. 
. . . . .. . 

~eferring to Figs. 2A and 28, a vibration adu~tor according to one . 
. . . . . . . . . . . . 

embodiment .of this invention- is substantially similar to· the existing one as . 

shown in Figs. 1Aand 1 B and comprises a yoke 1, a permanent magnet 2, a 
·· plate 3, a .center shaft 4., a coil 5, a damper 270, a sho? absorber 8, a support 

· 9, and a thin plate cover 1 O. The similar parts are r~presented by the same· 

reference symbols and are ·not again described in.detail. 
. . . . ·. 

· Th~ damper 270 is ~ssentially similar to,the prior damper. 17.0 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 t_herealong frorn the inner ring portion to. the outer ring portion. · In . 
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. Fig. ~· the inner ring .portion, .the outer ring portion, the spiral spring portions, 

and the inner and oute~ spiral slits are represented. by reference ~umerals 271, 
. . . . . . 

· · 272, 273, 274 and 265; respectively. ·The inner ring portion. 271 and the outer 

ring portion 272 are fixed to the magnetic circuit 1-4 and the support frame 9, 

respectively. 

· . . The damper 270 may be m~de of at lea_st one elastic non-magnetic . 

· material seleeted from SUS304, SUS301, nickel silver, phosphor bronze, a Be- · 

Cu alloy, and plastic resin having elasticity. . .. 

Now, (lescription will be made -as to an aspect of the spiral spring ·· 
. ~ . 

portion 273 which is a cha~acteristic of the present invention; 

. As illustrated in Fig. 2B; the damper270 is provided with a plu~lity of · 
. ·s_lits (three is shown).· Each of these three spirai slits spirally extends from the 

. . . . 

inner ting porticm 271 to the outer ring. portion 272 and over-~n angular region of 
. . 

180 degrees or more around the eenter 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 27 4 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 8 of 5_5 

angular degree or more. The effective angle · (} is an ang_le between an inner 
. . . 

. end of the inner spiral slit 27 4 and an outer end ()f the outer spiral slit 

detemiining 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 length is determined by a product (r· e) of . 

.. an average radius_(r) and an effective angle ( (JJ ofthe spiral spring portion. 

The average radius (r). is determined by an average· of various distances (by a· 
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unit of "mm") froni the damper center to various poi_nts on a spiral curve (which_·· 

· . is· shown by an dotted line shown in the spiral spring .portion 273 in Fig. 28). ·. 

extending along a central ·line between the ·inner ·and· outer spiral. slits 27 4 and .. 
. ·. 

275 from an· inner end to an outer end Of the spiral spring ~portion 273; that is, 

from. a home angular position of the effective angle to a terminal angular . 

.• position moved by an angle of the effective angle 8 . 

The average radius is approximately given by an average . 

((DO + D fJ )/2) of one (DO) of the various distances at the home angular position 

of the effective angle-and another· (D fJ) at the terminal angular position. 

Alternatively, the average_ radius is approX.imately· given by one (Om) of . 

the va_rious distances at an angular· position moved· by an angle of 812 from the ·· 
. . . 

home alig.ular position to the terminal angular position, that is, a distance from.· 

the·damper ce·nterto a midpoint on the spiral curve betWeen the home angular 
. ·. . . . . : . . . 

position and. the terminal. angular position. 

As illustrated in Fig. 28, each of spiral slits·. (a particular one 275 i~ · 

. ·representative.ly_illustrated) has a shape determined by an.radial inner contour 
. . 

· · line a and a radiai outer contour line b so thatthe ·slitwidth Of the spiral slit is 

increased at the iriner and outer. enci portions. The. radial. inner contour line .a . · . 
comprises a spiral line a 1 extending from an outer end E 1 toward the inner end . · 

E2 of the slitand 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 cc>ntour 
. . . . . 

·. line b comprises a spiral line b1 extending from the inner erid E2.toward·the ·· 

outer end E1 of the slit arid .a circular arc b2 in the vi~inity of the outer end, the 

circular arc 1:>2 being concentric with the outer ring: portion 172. The ab.ove-
. . 

· . 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 figidity of the damper are reduced. 
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In the above-m~ntioned strudure, the vibration actuator operates in the 

·manner similar to the prior art one when the. diving AC current is applied to the · 

driving coil 5. 'Since each of the spiral spring portions has an effective ~pring 

length increased.and relatively high complianee, the magnetic circuit can vibrate· 

· with a relatively large amplitude and can therefore be reduced in size and. ·. 

weight. 

· In, case where the magnetic circuit is subjected to any radial external· . 

. · force, for example, when the vibration aduator is dropped, ·the magnetic circuit ... . . . . . ~ . . 

is displa_eed in the radial direction .. · · Even in this event, the damper itSelf and · 

.spiral spring portions are· free from any permanent strain· because they has the · 

radial rigidity reduced. -

111 the .embodiment of Figs. 2A and 28, thethin ·cover plate 1 o is fiXed to • 

or integrally·formed with the support frame 9. However, the eover 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 damper270 jn Figs~ 2Aand 21;3.hasthe inner and-outer ring 

· portions 271 and 272 which are'stiown to have axial length larger than th~. 
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 t!1ickness equal to that of the spiral spririg portion 273, in 

a modification of the damper; · ·. · 

Further, the shockabs~rbet B can.be omitted in an arrangement of the 

support frame 9 and the yoke 1- where the yoke 1 does not cOllide to the suppo~ 
. . . . . . 

frame 9 when the magnetic circuit 1-4 vibrates. 
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. . . . . . . . . 

Referring to.Fig. 3, _the vibration actuator accord!ng to another 

· ·embodiment shown therein includes .all of the modification described above~ . · · . .· . . 

The support frame shown at 9' is in a ring shape and is not provided with a thin ... 

cover plate. The dartipershown at 270' is formed from-a thin elastic plate so . . . . . . . . 

that inner and outer ring portions shown at 271' and 272' have the same .. 
. . ' . . . . . . 

thickness ofthe spiral spring portion shown at273'. . The inner ring portion 271' 

'is fixed to the magnetic circuit 1-4 .by use Of the'. center shaft 4 like .a bolt. through·· 

:an elastic spacer 11 which is disposed and clam~ed between the. inner ri.ng 

portion 271' and the. magnetic circuit .1-4, specifically,. the magnetic plate 3 . 

. . The outer ring portion 272' is fixed to the lower surface. of the support frame 9', 
. . . 

so that_ the sup_port frame is disposed over the darnper 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 plate is· dependent ofthe size of 

actuator. In use for a ringing actuator assembled in a cel~ular a mobile 

telephone set such as a cellular tel_ephone set, it is preferably ab_out0.1-0.3mm. · 

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

size of outer diameter of 15mm ·were· produced with djfferenidamp~rs which· a re­
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 ~se having· a weight ot" 100 grams, then drop~ed on a concrete floor 

from a· heigh~ of 1.8 mete,.i;. · Deformation of dampers of the dropped samples 

·were observed.· Test results are ~xemplarily demonstrate_dfor·dampei'S made 

. of SUS304 in Table 1. 
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.Table 1. 
···.• 

Average radius- · -4 6.5 
(r) 

Effedive angle : 

55 80 100 130 .·160 80 
( f)) 

Effedive length 220 •. 320 . 400 520 640 520. 
(r • f)) 

Resistance for x ~ 0 0 0 -o· droooina 

In Table 1, the average radius (r) is based on the distance (_pm) at the 

middle angle position. Marks x, ~-and O represent large deformation of 
·. . . . 

damper caused by the d.rop test, small deformation of the damper caused by . · · 

··the drop_test but the damper being stm·usable,·.and no defonnation Of the· 

damper caused by the drop test 
. . . . 

It is understood from Table .1 that the effedive length is advantageously . 

320· or more, and preferably, 400 or more. 

.. · .. 
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. CLAIMS I 1111111 1111111111111111111111 · . 
* C L M S * 

· 1: A vibration aduator having an eledro.;mechanical tran$ducer 

inclu~ilig a driving coil.and a magnetic circuit comprising a m.agnet a~d yoke, ·a 

support frame, and a damper supporting the mag~etic circuit.onto the support . 

frame, said damper comprising an inner ring portion, an outer ring portion, and 
. ' . . ' . . . . 

a plurality of spira1· spring portions ccmneding the inner and outer rings, each of · 

the spiral spri~g portions extending in a spiral shape from the inner ring portion . . . . . . ~ . . . . . 

to the outer ring .portion and is defilied by·an Inner spiral slit and an.outer spiral 

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

determined· by ~n effective angl~ around a center ofthe damper from an in_rier 

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. A.vibration actuator having an electro-m~chanicaltransducer : . '• . . .·. 

including a driving coil and a magnetic circuit comprising a magnet and yoke; a 

... support frame, and a ·damper supporting the magnetic circuit onto the support 

·frame, said damper comprising an inner ring portion, an outer ring .portion, and . · 

a plurality of ~piral spring portions connecting th_e inner and outer rings; each of . 

· .. the spiral springportions extending in a spiral shape from the.inner ring .. portion_ 

. tq the outer ring portion and i.s defined by an inner spiral slit and an outer spiral .. 

. slit, wherein·each of the spiral.spring port,ons has an effective-spring length of 

320 or more, p.:eferably, 400 or more, said effecti~e spring length is determined 
. . 

by a product (r· fJ) of.an average radius (r) and an eff'.ective angle ( fJ) of the 

spiral spring .portion, and said effective angle is determined as an angle (by 

. angular degree) from an inrier end of the inner spiral~I~ to an outer end of the 

·._outer spiral.slit of thereof around a center of the damper.·· 

3. A vibration aduator as claimed in qlaim 2, wherein said average 

radius (r) is determined by_ an average of various di~tances {by a.unit-of "mm.") . 
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· ... from· the damper center to v~rious points on a spirai cu Ne extending a.long 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 e. · 
4. A vibration actuator ·as claimed in claim 2; wherein said a.verage 

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 8 ) at the terminal angular position. 

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

· radius is approximately given by one (Om) of the various distances at an 

. ·. ~ngular position moved. by an angle of 8 i2 from the home arigular position to 

· • · the terminal angular position, that is, a distance from the damper center to a 
. . 

·midpoinfOn the Spiral·cuNe .between the home angular.po~ition and the 

· ·terminal. angular position. 

6~ A vibnation actuator as claimed in claim 2, wherein said.damper is 

. formed by at least one metal material selected frc:m1.sUS304, SUS301, nickel 
. .. 

·· silver, phosphor bronze, and·a· Be-Cu alloy. 

1. A vibration actuator as ciairried in claim 2, wherein said spiral slits:. . . . . . . . 

. determining said spiral spring portions are equi-angularly formed around a 
eenter 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 portio.ns, said radial inner contour line (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 (~2). 
being.concentric with the inner ring portion (171), and ·said radial outer confour · · 
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. line (b) comprises a .spiral line (b1) extending from the in.ner end (E2) toward the .-
. .. . . 

. 

·outer end (E1) of the slit and a circular.arc (b2) in the -vicinity of the ·outer.end, .. 

the circuiar arc (b2) being concentric with the outer ring- portion-(172). . · 
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