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e CESCRIPTION' -

E VIBRATION ACTUATOR HAVING MAGNETIC CIRCUIT .
ELASTICALLY SUPPORTED BY A SPIRAL DAMPER
WITH INCREASED COMPLIANCE

Jechnical Field
| _ | Thls |nvent|on relates to a vrbratlon actuator usmg an electro- | -
- mechamcal transducer Includlng a magnetlc circuit and a driving coil and havmg e
. a damper elastlcally supportmg the magnetlc crrcurt and in partlcular to a
structure of the damper | A |

o An electro—dynamrc type of the electro-mechanlcal transducer o
- compnses a magnetlc circuit compnslng a magnet and magnetrc yoke and L
| havrng a magnetrc gap therem and a movmg coil or nbbon dlsposed in. the o
' magnetrc gap When a driving AC current is applled to the-movmg corl or

'nbbon the | movrng coul or nbbon vrbrates relatlvely to the magnetlc crrcurt A

'frequency of the vibration is dependent ona frequency of the dnvmg AC current.' o

) Since the movmg corl or rlbbon is apphed wrth the dnvmg AC current and moves'_ o
o or vrbrates itis: referred to as a dnvmg corl and aIso a movmg element
. When the dnvrng AC current is of an audlo frequency. the movmg co|| or-“ L
o rlbbon vrbrates at the audlo frequency When a thin plate or draphragm |s '

| connected to the movmg corl or ribbon directly or through the damper itis |

-vrbrated at the audro frequency to produce sound.- Th|s is well known as an -

) electro-dynamlc speaker
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On the other hand an electro-magnetrc type of the electro-mechamcal

'. -transducer compnses a magnetrc crrcurt compnsrng a magnet magnetrc yoke L 7

and a driving corl wound on the magnetrc yoke and havrng a magnetrc gap

" formed therern and a magnetlc armature or a small magnetlc prece as a movrng :

- 'element drsposed in the magnetrc gap. When the drrvrng AC current is applred g - o

o _- -to the dnvrng coil, the'magnetic : armature vrbrates ata frequency of the drrvrng -
o AC current The electromagnetrc type transducer is also used for a speaker
' '-where the magnetrc armature rs connected to a draphragm or a thin plate _
o In the electro-mechanrcal transduoer of erther one of the two types
| '_ descrrbed above, the magnetrc crrcurt can be vrbrated atalow frequency whrch
s lower than the audro frequency by supportlng the magnetrc crrcurt through a

| _- damper onto a rrgld support member orframe, by f xrng the movrng element to

L R the support member drrectly or through a Iow complrant elastrc member and by .

i applyrng to the drlvrng corl a dnvrng AC current of the low frequency The |
e "'vrbratron is transmrtted to the support member through the damper Therefore |
when a person attaches the support member or a materral ﬁxed to the support

he can feel the vrbratron through hrs skrn Thus the transducer can be used in

a vrbratron actuator for producrng a low frequency vrbratron whrch a human body S

S can feel through a skrn | | | |

| In such a vrbratron actuator a drrvrng AC current of the audlo frequency :'

| ""ls applred to the drrvmg COll the movrng element vrbrates at the audlo frequency R B

o ) The vrbratron is transmrtted to the support. member When a thrn plate ora

- 'draphragm is jorned to the support member it vrbrates to produce an audrble . |
. sound Usrng thrs pnnclple a small-srze vrbratron actuator |s proposed for |

R 'producrng a vorce and a rrngrng tone as well as srgnalrng vrbratron for |

o '_ announcement of call receptron in mobrle communrcatron (for example see

.' Japanese Unexammed Patent Appllcatrons (JP-A) No H10-1 65892 and No _
B H11-027921 ' '
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These Japanese publrcatlons dlsclose a dumber havmg sprral spnng
| portlons for supportmg the: magnetrc CII’CUIt as shown in. Flg 5 of JP—A ‘892 and
B also in Flg 5, of JP-A ‘921 The damper is made of an elastlc disk of such asa
| '_ ' metal plate and comprrses an. mner r|ng portron outer rmg portlon and a.
" plurahty of splral spnng portlons connectmg between the mner and outerring
. portrons Thei mner nng and the outer nng are fixed to the magnetrc clrcmt and
o the support frame respectwely | | o | o
' Each of the splral sprmg portlons extends from the mner r|ng portlon to
| the outer nng portlon in spiral shape and is def ned by an'inner sprral sI|t and an
'.:_outer splral sllt In the structure, even if the damper is Irmlted inits radlus .
| .. each of the splral spnng portrons has a long srze comparmg radral spnng arms
'-formed wrthln the lrmlted radlus Therefore the magnetrc crrcurt can be |
- - elastlcally supported by the sprmg portlons wrth a hrgh compllance companng
:_- .wrth the Ilmuted radrus of the damper S
| ln an existing one of the damper havrng the splral sprrng portlons an
effectlve spnng length of the splral spnng pOI’thI‘l |s malnly determmed by an
angle around a center of the damper from an inner end ofthe mner splral sllt to .
- _ an outer end of the outer splral Sllt The angle is herernafter referred to as _
.' effectrve angle lt has been consldered to be sufficlent to elastlcally support
' _. the magnetlc crrcurt with a relatrvely hlgh compllance that the effectrve angle is.
B 55 angular degree at the maxrmum The effectwe angle has been usually | |
selected to be an angle smaller than 55 angular degrees conslderrng that use L |
- ofa Iarge effectrve angle makes it diffi cult to produce the damper '
, However the above-mentloned exrstmg wbratron actuator |s N
- .dlsadvantageous in that the damper may often suffer a permanent stratn ifan
B abnormal stress rs apphed by extemal shock or the I|ke _ _ o
" After studyrng the reason of the problem caused the lnventor knew that '_ S

B the exrstlng damper. havmg splral sprlng portrons wrth the effectlve angle smaller
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'- than 55 angular degrees cannot provrde a sufﬁcrent hrgh complrance agarnst

_ "any relatrvely Iarge extemal foroe caused due to mechanrcal shock such as ;' o
- ; _- -dropprng but strII exhrbrts a relatrvely large strffness |n the radlal dlrectron LU o
: subjected to such a Iarge extemal stress for example when the vrbratlon

o actuator is dropped the magnetrc crrcurt may abnormally be dlsplaced in the

radral drrectlon Such abnormal drsplacement may Ieave the permanent strarn '

'_.rn the damper and may further cause the rncllnatlon of the center shaft of the e

a '_ _magnetrc crrcurt In case where the strarn or the rnclrnatron is great the o
- - abnormal stress |s applred to the damper so that the stablllty in charactenstlcs |

e wouId be detenorated

Discl  of | ion
o _ It |s therefore an object of the present mventron to provrde a vrbratron
.' - "'actuator whrch rs capable of |mprovrng a shock resrstance to keep stable
| characterrstres and hlgh rellabrlrty over a long perrod of tlme _
Thrs rnventron is. applrcable toa vrbratron actuator havmg an electro-

mechamcal transducer rncludrng a dnvrng corl and a magnetrc circuit compnsrng

" a magnet and yoke ‘The vrbratlon actuator comprrses a support frame and a P

- - damper supportlng the magnetrc CII’CUIt onto the support frame The damper

-comprises an inner ring portion an outer rmg portron ‘and a plurallty of sprral ,

-~ spring portrons connectrng the i |nner and outer rings.. _Eachof the: sprral spnng s

| portrons extends ina sprral shape from the rnner rmg portron to the outer nng

| __'portlon and i is defi ned by an mner spiral slit and an outer sprral slrt - The

- N damper rs charactenzed in that the effectrve ang|e is selected to be an angle | o

' Iarger than 55 angular degrees .
Thrs rnventron is applrcable to a vrbratron actuator havrng an electro- :
- mechanrcal transducer rncludrng a drrvrng coil and a magnetrc crrcurt comprrsrng

fa magnet and yoke The vrbratron actuator comprrses a support frame and a
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, '.'damper supportrng the magnetrc crrcurt onto the support frame The damper =

- comprises an inner nng portron an outer rrng portron and-a plural.ty of spiral L

. s_prrng portrons c_onnectrng the i rnner and _out_er rings. Each of the sprral sprrng

- -portion's:extends iha spi'ra'l shape from'the :inner"ring portron to the outer fing .

. -portron and is deﬁned by. an rnner sprral slit and an outer sprral slrt ‘Each of the :' o

'sprral sprrng portrons has an effectrve sprrng length of 320 or more preferably, - '

e 400 or more The effectrve sprrng Iength rs determrned by a product (r- 0) of

| an average radrus (r) and an effectrve angle (6 ) of the sprral sprrng portron

The effectrve angle is determmed as an angle (by angular degree) from Q L

-'-'-_ an inner end of the mner sprral slrt to an outer end of the outer sprral slrt of

o 'thereof around a center of the damper . o
_ | . " The average radrus (nis determrned by an average of vanous N
) -_'drstances from the damper oenter to vanous pornts ona spiral curve extendrng 3

' along a central Irne between the mner and outer sprral slrts from an rnner end to |

an outer end of the sprral sprrng portrons that is, from a home angular posrtron - o

-{_-of the effectrve angle toa temrrnal angular posrtron moved by an angle of the

| ‘effectrve angle 6. S o |
- The average radrus rs approxrmately grven by an average _ -
| ((DO +. D 8)/2) of one (DO) of the vanous drstances at the home angular posrtron =
.' - of the effectrve angle and another (D 9 ) at the termrnal angular posrtron |

' Altematrvely, the average radrus is approxrmately grven by one (Dm) of

e the vanous drstances at an angular position moved by an angle of 812 from the .

'- home angular posrtron to the termrnal angular posrtron that is, a drstance from '
- the damper. oenter toa mrdpornt on the sprral curve between the home angular
_ '_ _ posrtron and the termmal angular posrtron | o o
Wrth the above-mentroned structure the effectrve spnng length of the
. fsprral sprrng portron can be rncreased so that the strffness of the damper for the .

- ' radial shock is reduoed As a result even if the extemal stress is applred in the-._-_-. "
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radlal dlrectron for example when the wbratron actuator is dropped the

| _ :'magnetrc clrcurt is only temporanly dtsplaced m the radlal dlrectron and is free

N _from any permanent stram

| Preferably, the damper ts formed by at least one non-magnetrc metal

plate selected from SU8304 SU8301 nrckel srlver phosphor bronze and aBe- L

Cu alloy or an elastlc plastlc resrn Pneferably, the sltts determmlng the sprral o

‘L -'_'_sprrng portrons are formed in a dlsk of the metal plate and are arranged ata.

- "'predetermrned rnterval from one another

o F|g 1A is a cross-sectlonal view of an exrstlng V|brat|on actuator
o Frg 1B isa plan vrew ofa damper |Ilustrated in Flg 1A ‘

F|g 2A is a cross-sectlonal v1ew of a v1bratron actuator accordrng to an

L _embodlment of this rnventlon

. Fig. ZB isa plan wew of a damper rllustrated in Frg 2A and
F|g 3 is a cross-sectronal view of a vrbratlon actuator accordlng to

o another embodrment of thrs mventlon

B IM"I"E Carrying Out the | tion o

| Pnor to descnptron of preferred embodlments of thls mventron an
| .exrstrng vrbratron actuator wrll be descnbed W|th reference to Flgs 1A and 1B
- "soasto facllltate understandlng of this invention. , N o
'_ ' Referrrng to Fig. 1A the vrbratlon actuator shown therern has an electro-- -
- _mechanlcal transducer of the electro-dynamrc type and has a cyllndncal shape |
. W|th a center shaft 4, Around the oenter shaft 4,a magnetlc circuit is fonned
K by a yoke 1 havrng a perrpheral srde wall a plate 3 arranged inside the yoke ° 1,

_and a drsk-shaped permanent magnet 2 lnterposed between the yoke 1 and the o

o -plate 3 The permanent magnet 2 and the plate 3 are surrounded by the
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h 'penpheral side wall of the yoke 1 and a magnetrc gap is 6 Ieft therebetween A' kN

o -_drrvrng corl or movrng coil 5i is dlsposed m the magnetrc gap 6.

A drsk-shape damper 170 supports the magnetlc CII‘CUIt 1-4 on a

support frame 9. The damper 170 comprrses an mner rrng portron 171 an .' -

| outer nng portron 172 and a pIurallty of spiral sprrng portlons 173 connectmg the '

" inner and outer rrng portrons 171 and 172 to each other Each of the splral

'- spnng portlons 173 is determmed by rts mner sprral slit 174 and |ts outer splral

- 'slrt 175 An angle around a center axis of the damper 170 from an tnner end of]'-'-._ S

- thei mner sprral slrt 174 and an outer end of the outer sprral sllt 175 is selected
o . smaller thian 55 angular degrees | - |
" T he oenter shaft 4i |s in a form of a bolt and fit |nto a center hole i |n the

| 'magnetrc clrcurt 1-4 through a center hole of the |nner rmg portlon 171 of the

B damper 170 Therefore the magnetrc crrcurt 1-4 and the damper 170 are

- 'dlsposed coaxral wrth each other and the magnetrc clrcurt 1-4 |s fi xedly

| attached to a lower surfaoe of the |nner nng portron 171 at a center of the

- magnetrc CII’CUIt and at the slde of the plate 3. The outer rmg portron 172 |s |
B ﬂxed to the support frame 9. Aocordrngly, the magnetrc crrcurt 1-4is elastrcally i ]

supported on the support frame 9 by the damper 170. | ', :

| " ~The dnvrng coil6i |s ﬁxed onto a Iower surface of the outer nng portron | -
' 172 by means of bondrng or adhesrve agent A buffer member or shock

) absorber 8is dlsposed between the support frame 9 and the outer ring portron |

.'-'172 and is ﬂxed to both of them by means of bondrng or adhesrve agent The .

| : buffer member 8 prevents generatron of norse resultrng from coliision between" B o

- ‘an upper end of the side wall of the yoke 1 and the support frame 9 durrng
: vrbratron of the magnetrc crrcurt 1—4 _ _ o
The support frame 9 i |s in a form of a nng and ls made of a plastrc resin.
-or other l'lgld material. Athrn plate cover 10 as a vrbratron plate |s mounted on o

- the support frame 9 and drsposed over the. damper 170 The thln plate cover :
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: ) 10 can be made of the same matenal of the support frame into'a srngle part

_' ' In operatron when a drrvrng AC current of the Iower frequency is )

: :supplred to the driving corl 5, the magnetrc crrcurt 1-4 recrprocatmgly moves or.

'vrbrates in an axial drrectron of the center shaft 4 because itis flexrbly supported
' by the elastrclty of the spiral spnng portron 173 wrth a relatrvely high complranoe o e
-jThe vibration is- transmrtted through the damper 170 to the support 9 and the

| o “thin plate cover 10 Therefore the human body attachrng the support frame 9

B ':'andlor th|n plate cover 10 can detect the vrbratron R '. | -

| When the drrvrng AC current has an audro frequency, not the magnetrc o

| '_'_'crrcmt but the drlvrng coil 5 vrbrates at the audro frequency, because the

o magnetlc crrcurt is supported by the damper 1 70 havrng the hrgh complrance

_ The vrbratron of the drrvrng corl 5is transmrtted to the thrn plate cover 10 o
through the outer rrng 172 andlor the support frame 9. Thus the thrn plate
) _cover 10 vrbrates at the audro frequency and produces audrble sound . -

| The exrstrng vrbratron actuator shown |n Frgs 1A and 1B has the , :

- o problems as descnbed |n the preamble _ _ o

| Now embodrments of thrs rnventlon wrll be descrrbed in detail wrth

referenoe to the drawrng A B |

Referrmg to Flgs 2A and ZB a vrbratron actuator accordlng to one .

embodlment of thrs rnventlon is substantrally srmllar to the existing one as. _

| 'shown in Frgs 1A and 1B and compnses 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 srmrlar parts are represented by the same :

e _ _. reference symbols and are not again descnbed in detarl _

| | The damper 270 is essentrally srmrlar to: the pnor damper 170 in that rt

compnses an outer nng portron an |nner ring portron and a pluralrty of sprral

} .spnng portlons each of whrch is. determrned by an mner and an outer splral slrts

: extendrng therealong from the mner rmg portron to the outer rrng portlon ) In.
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F_ig._'-2, the i'n'ne'r ring:.pon_ion', ,the-oute'r.ring portion,_'the spiral spring portions, "

- and't_hé inner and o’ut_er-_ spiral slits.are"re'presen'ted'_b_y.-ref_e_rence nUmeraIs 271, j

| 272,273, 274 and 265, respectively. The inner ring portion 271 and the outer - :

'nng pomon 272 are ﬁxed to the magnetlc crrcult 1-4 and the support frame 9
' _respectrvely ' ' "

The damper 270 may be made of at least one elastlc non-magnetrc

. 'matenal selected from SUS304 SuUS301, nlckel srlver phosphor bronze a Be-_'-' o

Cu alloy, and plastlc resin havrng elastlclty _ , _

| | Now descnptlon wrll be made as to an aspect of the splral spnng

- portron 273 wh|ch isa charactenstrc of the present mventron . .

| As ||Iustrated in Flg ZB the damper 270 i |s prowded wrth a plurallty of :

| shts (three is shown) Each of these three sprral shts splrally extends from the |

- .rnner fing portlon 271 to the outer ring portlon 272 and over: an angular reglon of

: | 180 degrees or_.more_ around.the -center. of- the damper _270._ Those three sprra_l._
slits are egui-an'gu-larly arranged 'around_ the center of the darnper'._ ) Adjaoent :

o ,_'_two:of_the ..th'r_ee' spiral slits i:_n.'the_radi'al"dl'r'ecti'on deterrnine one of the 'thre'e. -

_'spiral 'spring portions 'therebeMeen ‘In the fi gure reference numerals 274 and o

- 275 represent the two splral sllts detenmmng a partlcular one of the splral shts o |

C273 . _ L |
Each of the splral sprlng porhons 273 has an: effectlve angle 6 of 55

' angular degree or more. The effectlve angle 0 is an angle between an rnner o

- end of the i |nner splral sl|t 274 and an outer end of the outer sprral sllt

. determmlng each one of the splral sprmg portrons 273. , , _ |
| | Further each of the splral spring portions 273 has an effectlve sprrng o -

B _length of 320 or more preferably, 400 ormore. N |

_ Hereln ‘the effectrve spring Iength is determmed by a product (r 9) of

.an average radrus n and an effectlve angle ( B) of the sprral spnng porhon

' -Th_e average r_ad_r_us (nis dete,rmmed by an average ‘of vanous .drst_ances (by a
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| umt of' ‘lrnm';')_'.'from. the d'la'mper_' center_to-various pointe- on a eplr.al -:cu-nr_e '('w_hich: "
" is shown by an dotted line shown in the spiral spring portion 273 in Fig. 2B) -
extendmg along a central ||ne between the i mner and outer splral slrts 274 and
| '_ 275 from an rnner end to an outer end of the sprral sprrng portron 273 that is,
from a home angular posrtlon of the effectlve angle toa termrnal angular C
N .'_ posrtron moved by an angle of the effectlve angle 6

The average radius is approxrmately grven by an average

| ((DO + D g )12) of one (DO) of the varrous drstances at the home angular posrtlon_'
- :of the effectrve angle and another (D 6 ) at the terrmnal angular posmon

Alternatrvely, the average radrus is approxrmately grven by one (Dm) of .

the varrous dlstances at an angular position moved by an angle of 612 from the

B home angular posltron to the termmal angular posrtron that is, a drstanoe from

_- the: damper center to a mrdpornt on the sprral curve between the home angular | _l

., " : ---posrtlon and the termmal angular posltron

As rllustrated in Frg 2B, each of splral slrts (a partrcular one 275 rs

. 'representatrvely |llustrated) has a shape determmed by an radral |nner contour

" lineaanda radial outer contour line b so that the slit width of the spiral siit i is .
_ mcreased at the inner and outer end portrons The radral inner contour line a o |
comprrses a sprral ||ne al extendmg from an outer end E1 toward the mner end AU

| E2 of the slrt and a clrcular arc a2 in the vrcrmty of the inner end, the crrcular arc o

' _'a2 belng conoentrrc with the inner rrng portron 171 The radral outer contour
" llne b compnses a sprral lme b1 extendrng from the inner end E2 toward the

- outer end E1 of the slit and.a crrcular arc b2 in the vicinity of th_e outer end, the -

circ'ular arc b2 being ooncentrlc with the 0uter ring: portlon 1"7'2' ‘The above-

. .'mentroned conf guratlon of the splral slrt contnbutes to further reductron the

- amount of the materral of the damper 270 Ieft between the inner ring 271 and

__the outer rlng 272 Therefore rlgldrty of the sprral sprlng portlon 273 and the

_- radral rrgrdrty of the damper are reduced
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B '_ In the above-mentloned structure the vrbratlon actuator operates in the o
" "manner srmllar to the pnor art one when the. dlvmg AC current is apphed to the
| dnvrng corl 5. Smce each of the sprral sprmg portlons has an effectrve spring -

| 'Iength mcreased and relatrvely hrgh complrance the magnetrc crrcurt can vrbrate' |

o -. with a relatrvely large amphtude and can therefore be reduced in srze and

S werght

| "In-case where the magnetlc crrcurt ls subjected to any radral extemal _
- . : force for example when the vrbratron actuator |s dropped the magnetrc clrcurt L
is dlsplaced in the rad|a| dlrectron Even in thrs event the damper |tself and '_
_ .splral sprmg portlons are free from any permanent strarn because they has the ’
| . radral rrgldlty reduced. - TR L .
'. In the embodlment of Flgs 2A and ZB the thm cover plate 10 is ﬁxed to |
o or mtegrally formed wrth the support frame 9. However the cover plate 10 can ‘
- be omrtted ina modrf catlon In the case an apparatus to whlch the vnbratlon _
' actuator is mounted have a: dlaphragm or other thm plate whlch recerves '. o |
N B vrbratron of the coil through the support frame and produces a sound due to the

- -vrbratron o . o |
The damper 270 in Flgs 2A and 2B has the i mner and outer nng

= '_portrons 271 and 272 whlch are shown to have axial Iength Iarger than the

o '.thlckness of the spring portlons 273 Thus the mner rmg portron 271 is a.

f. center nb hub or boss of the damper 270 and the outer rrng portlon 272is an
‘outer rib or rim. However the lnner and outer nng portions 271 ‘and 272 can |
' be formed to have the thlckness equal to that of the splral spnng portron 273 in. - -
'a modlﬁcatlon of the damper | I |
| Further the shock absorber 8 can be omltted |n an arrangement of the
support frame 9 and the yoke 1 where the yoke 1 does not collrde to the support

. _' frame 9 when the magnetlc circuit. 1-4 vrbrates
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o Referring to Flg 3, the vrbratlon actuator accordrng to another :
| 'embodrment shown therern includes alI of the modrf catron descnbed above

The support frame shown at 9isina ring shape and is not provrded wrth a thln -' o

o cover plate The damper shown at 270’ is formed from a thm elastrc plate SO

~ thati |nner and outer nng portrons shown at 271’ and 272’ have the same

' _thrckness of the sprral sprrng portron shown at 273' The rnner ring portron 271’. j

- :rs f xed to the magnetrc crrcurt 1-4 by use of the center shaft 4 lrke a bolt through--' s

' -an elastrc spacer 11 which i is drsposed and clamped between the inner rrng
'portron 271 and the magnetlc circuit 1-4 specrf‘ cally, the magnetrc plate 3.

The outer ring portron 272’ is fi xed to the lower surface of the support frame 9’ :
so that the support frame is drsposed over the damper 270’ “In the | - .

_ arrangement of the support frame the yoke 1 does not collrde to the support B

» frame 270 Therefore the shock absorber is omrtted o

' | Thrs damper 270’ is made of a plate of the materral descnbed above .

B by punchrng method The thrckness of the plate is dependent of the srze of

actuator In use for a rlngrng actuator assembled in a cellular a moblle

o telephone set such asa oellular telephone set, iti is preferably about 0.1-0. 3mm S

Samples of the vrbratron actuator havrng the structure of Fig. 3 and a

_ size of outer drameter of 1 5mm were produced wrth dlfferent dampers which are-_

| made of varrous materlals descrrbed above and have drfferent effectrve sprrng a '

lengths Those samples were sublected to the drop test where each sample
. 'was attached with a stopper necessary for vrbratrng and fi xedly mounted |n a
B :plastrc case havmg a werght of 100 grams then dropped ona concrete ﬂoor _
. from a herght of 1.8 meters Deformatlon of dampers of the dropped samples |
- ) were observed Test results are exemplanly demonstrated for- dampers made '
of sus304 in Table 1. ' . N
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- . Tablet i
Average radius i les 1
Effective angle -
| Effective length -

oo(r-8) | o
Resistancefor | . | A T~ I~ 1l AT ~ 1
' 'dropping X 0 s O o O -"o_

55 | 80 | 100 | 130 | 160 | 80

220 | 320 | 400 | 520 | 640 | 620

In Table 1, the average radrus (r) rs based on the dlstance (Dm) at the g !

" : mrddle angle position. Marks X, A and ®) represent large deformatlon of [

- damper caused by the drop test small deformatlon of the damper caused by o
. the drop test but the damper bemg strll usable and no deformatron of the -

N damper caused by the drop test. o o |
ltis understood from Table 1 that the effectrve Iength is advantageously

| -320 or more, and preferably, .400 or more
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1 Avrbratron actuator havrng an electro-mechanrcal transducer ,

".rncludrng a dnvrng corl and a magnetrc crrcurt comprrsrng a magnet and yoke a
- support frame and a damper supportrng the magnetrc crrcurt onto the support
frame said damper compnsrng an mner rrng portron an outer ring portron and
) a pIuraIrty of sprral sprrng portrons connectrng the inner and outer rings, each of
| 'the sprral sprrng portrons extendrng ina sprral shape from the |nner rrng portron
- to the outer rrng portron and is deﬁned by an mner sprral slrt and an outer sprral -
:slrt wherern each of the sprral spnng portrons has an effectrve sprrng Iength | .
. determrned by an effectrve angle around a center of the damper from an rnner o : -
end of the rnner sprral slrt to an outer end of the outer sprral slrt of thereof the
: effectrve angle berng selected to be an angle Iarger than 55 angular degrees
' 2 A vrbratron actuator havrng an electro-mechamcal transducer

'_ '_mcludrng a drrvrng corl and a magnetrc crrcurt comprrsrng a magnet and yoke a

» support frame and a damper supportrng the: magnetrc crrcurt onto the support

frame, sard damper comprising an rnner ring portron an outer ring portion, and

-a pluralrty of sprral sprlng portrons connectrng the i rnner and outer rrngs each of

o .the sprral spnng portrons extendrng ina sprral shape from the |nner ring portron

S to the outer rrng portion and |s deﬁned by an inner sprral slrt and an outer sprral

'_slrt wherern each of the spiral sprrng portrons has an effectrve sprrng Iength of
320 or more preferably, 400 or more, said effectrve spring length is determrned

' iby a product (r 9) of. an average radrus (r) and an effectrve angle ( 6) of the .

| sprral sprrng portion, and sard effectrve angle is determrned as an angle (by

' "angular degree) from an rnner end of thei mner sprral slit to an outer end of the
outer sprral slit of thereof around a oenter of the damper |

3 A vrbratron actuator as clarmed rn clarm 2 wherern sard average

3 radius (r) |s determmed by an average of varrous drstances (by a. unrt of mm”)

eet Has Been Replaced , '
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o -from the damper center to varlous pclnts ona splral curve extendlng along a

| ] : central I|ne between the mner and outer sp|ra| sllts from an rnner end to an outer
- end of the spiral spring portlons that |s froma home angular position of the

:effectrve angle toa terrmnal angular posmon moved by an angle of the effectlve

- angle 8

4 A wbratlon actuator as clalmed in clalm 2; whereln sard average |
- radrus is approxrmately given by an average ((DO +D 9 )/2) of one (DO) ofthe
.' "vanous drstances at the home angular posrtlon of the effectrve angle and |
another { 9) at the terminal angular posrtron _ L L

_ 5. A vibration actuator as clarmed in clalm 2, wherem sard average e
- radlus |s approxlmately grven by one (Dm) of the vanous clrstances at an __
angular posrtlon moved by an angle of 6 12 from the home angular posltron to
¥ the terrmnal angular posrtron that i |s a dlstance from the damper center toa
'_ 'mldpcrnt on the sprral curve between the home angular posrtron and the o
| '-'ten'mnal angular pOSItIOl‘l I ' _
_ 6. A wbratlon actuator as clalmed |n clalm 2 whereln sald damper is

. formed by at least one metal matenal selected from SU8304 SU8301 nlckel k
_ sﬂver phosphor bronze anda Be-Cu alloy | " S | g
| '_ -_ 7 Avrbratron actuator as clalmed |n clalm 2, whereln sald spiral sllts_.-_'_ o |
detenmnlng said splral spnng portlons are equl-angularly fon'ned around a " _—
- _center of said damper - o |
8 An wbratron actuator as clalmed in clarm 2, wherern each of sald
o '_ _sprral sI|ts has a shape deterrmned by an radlal |nner contour Ilne (a) and a.
radial outer contour line (b) SO that the slrt wrdth of the splral slrt is mcreased at
- _the inner and outer end portrons sald radlal mner contour lme (a) compnses a
splral lrne (a1) extendmg from an outer end (E1) toward the i mner end (E2) of

- the slit and a clrcular arc (a2) in the vrclmty of the inner end the clrcular arc (a2)

- --.belng concentnc wrth the rnner nng portlon (171) and said radral outer contour
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' hne (b) comprlses a splral ||ne (b1) exten
- “outer end (E1) of the sllt and a clrcular arc (b2) in the v1cnmty of the outer end __ -

. the clrcular arc (b2) belng concentrlc with the outer nng portlon (172)

mmmmmm,..-

dmg from the mner end (E2) toward the O
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