1 MAGNETOSTRI CTI ON APPARATUS TECHNI CAL FI ELD 5 [0001] The present invention
relates to a magnetostriction apparatus for generating or detecting

vi bration by using a nagnetostrictor. BACKGROUND TECHNOLOGY 10 (0002] Sore
magnetic materials undergo strain in agdcordance with variation in a
magnetic field outside the materials. Stressing and deform ng such a

magnetic material changes mi@vEBesElOr et A pis c according to the
stress. 15 This phenonenon is called magnetostriction. Recently, materials

t hat exhibit displacenent 50-100 tines greater than that of the
magnet ostrictors known hitherto have been discovered. Such materials are

cal | ed super magnetostrictors. V&%&%ﬁ#SE{ageﬁhﬁing an alternate nmagnetic

field to a 20 magnetostri ctor, sanme frequency as that of
the alternating magnetic field can be generated. It is envisaged that the
phenonenon will be exploited in some way. For exanple, a super

magnet ostrictor could be applied to a bone conducti on headphone or a
heari ng ail@003ée, forTexappeéeent 2bnpatentndoelaeas No.al). [patent docunent
No. 1] Mz10-70001W0 2 JP2001-258095 [0004] It is strongly desired that a
magnet ost khgh@kostriction apparatus for generating or detecting

vibration by using a magnetostrictor.

BACKGROUND TECHNOLOGY

10
[0002] Some magnetic materials undergc strain in
accordance with variation in a magnetic field outside the
materials. Stressing and deforming such a magnetic material
changes its magnetic characteristic according to the stress.

15 This phenomenon is called magnetostriction. Recently,
materials that exhibit displacement 50-100 times greater than
that of the magnetostricteors known hitherto have been
discovered. Such materials are called super magnetostrictors.
[0003] By applying an alternate magnetic field to a

20 magnetostrictor, vibration at the same freguency as that of
the alternating magnetic field can be generated. It isg
envisaged that the phenomenon will be exploited in some way.
For example, a super magnetostrictor could be applied to a
bone conduction headphone or a hearing aid (see, for example,

25 patent document No. 1).

[patent document No. 1]

MZ1C-70001W0O



based vi bration generator provided in a headphone or a hearing aid be smal
and |ightweight. W have proposed in 5 patent docunent No. 1 nentioned above
a technology for reducing the size and wei ght of a vibration generator by
applying prestress to a super magnetostegictor so as to inprove transducing
efficiency, and by omtting a vibration plate so as to conduct the

vi brationjhyothezsdpes 10 nagnetostrictor directly to a target object.

[ 0005] W& have built upon this technol ogy through experinents toward

further vegyghion in gt 265 and L ONt40L; AoqviRAE! L AR gROELBEOE cBRE. have
le "o r

arrived at a téechnol ogy capa urther reducl ng e size and wei ght of
a vibratiogn 1% geEer?tor, whi | e naintainin% the eﬁ%%ll nt characteristics of
a super aﬁg oSt PFetort 5?§8E6§8§Epéﬁvfﬂ§ | RVERT df Cfﬁbé%]aA gener al

pur pose of the present invention is to provide a technology for achieving a
smal | andhepghnEerdRt Pendfgetosid dLiodhvWaapiitat ude [1BVO7PrEReSEBRDARI nent of
the present invention relates to a magnetostriction apparatus. A

magnet ©st pecenon d2suappar dous lcowprtiisesd aboegnet sschinctlagywficgh expands and
contracts in accordance with a magnetic field; a magnetic M10-70001WO 3

field geneeduiciggmeass swaieC Angeneriahes crtha ragratienf igeindrataid kg housi ng
whi ch hol ds the magnetostrictor and the magnetic field generating neans at

Pnrerrgg eggiaﬁ';%‘iyﬁﬁéi brels resMN@LLHN ol alSHAY oist rGeRRECLRH O an external
improve transducing efficiency, and by omitting a vibration
plate so as to conduct the vibration by the super

10 magnetostrictor directly to a target object.

[0005] We have built upon this technology through
experiments toward further reduction in size and weight of a
vibration generator and have arrived at a techneclogy capable
of further reducing the size and weight of a vibration

15 generator, while maintaining the excellent characteristics of

a super magnetostrictor.
DISCLOSURE OF THE INVENTION

20 [0006] A general purpose of the present invention is to
provide a technolegy for achieving a small and lightweight
magnetostriction apparatus.

[0007] Cne embodiment of the present invention relates
to a magnetostriction apparatus. A magnetostriction

25 apparatus comprises: a magnetostrictor which expands and
contracts in accordance with a magnetic field; a magnetic
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5 that a predeterm ned pressure is applied to the magnetostrictor by the
external nenber and the housing. The external nenber may include a circuit
whi ch supplies a signal for generating the magnetic field to the magnetic
field generating neans. The housi ng may3i ncl ude a yoke which 10 adjusts a
magnetic circuit of the magnetic field generated by the magnetic field

gener ati ng; BRaNgenkPA08LoARRERGr wBFBAJLEBRL 40k st h8cPHEeRE in¥gRY N al so
relates to a nagnetostriCtion apparatuS. A magnetostri Ction apparatus

es 1. ct S ction apparatus
[ hecor daRge w CRUAr 4ion "SRR dtt Faraaeerhar e K K mans which |

detects variation _in_the magnetic characteristi.c in the form.an el ectrical
signal - a ABSFAG GAFLR REPGE SERESHIGRBESE: PEFOFtERTITRE PASIECONT neans

at predeterm ned positions, wherein the 20 housing is connected to an
external mBfBeinsghgshpraing 1pr éosrecHeAedoppas SHternglapsmbed 6 t he
magnet ostrictor by the external nenber and the housing. The external nenber
may i ngl udeaa ei peedetwhlimdéhedcguiesesrehesebeefliedalkositgpeal fromthe
detecting neans. 25 [00091 The magnetostricti on apparatus nay not conprise a

struct ur emaheloseRReELS 8) end ekikheanrngpebest ket @he MELEHARQ01VEL4
opposite to an end supported by the housing and applies a predeterm ned

pressure 19.L0he FagAGHAsE Fniar%/t e 1BBeO Eﬁkggi% wh BR ”s%i%l“i%% r Q! %eri na

rel ated-art magnetostrictio apparatus and causi ng the“externa to

function %%ragenerating the magnetic field to the magnetic field

generating means. The housing may include a yoke which

10 adjusts a magnetic circuilt of the magnetic field generated by
the magnetic field generating means.
[0008] Another embodiment of the present invention also
relates to a magnetostriction apparatus. A magnetostriction
apparatus comprises: a magnetostrictor the magnetic

15 characteristic of which varies in accordance with variation
applied from cutside; detecting means which detects wvariation
in the magnetic characteristic in the form an electrical
signal; a housing which holds the magnetostrictor and the
detecting means at predetermined positions, wherein the

20 housing is connected to an external member so as that a
predetermined pressure is applied to the magnetostrictor by
the external member and the housing. The external member
may include a circuit which acquires the electrical signal
from the detecting means.

25 [0009} The magnetostriction apparatus may not comprise a

structure which suppecrts an end of the magnetostrictor
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5 prestress cap, the weight of the magnetostriction apparatus can be
reduced and the size in the height direction can be significantly reduced.
Anot her advantage is that the external nenber to which the magnetostriction
apparatus is fitted can be nore flexi bky designed than in the related art.
10 [0010] The housing may include a yoke for creating a closed nagnetic

path i t NoppblieBous! 0g. <Faealage-oka! By HRUALNGHaCEA! Qﬁpmg@egost“ ction

appar at us connecte xterna e open,

nagnetostrlgtlg E% ratus ma E ggnnected to the exterg er suc

that 15 t RESERATHF RaGFREYSSt FPctof FaerRg Che 1 &xbérn Yn%ﬂ% i
constituting nenber provided_.in the magnetostrictor to face the external
nmember coRESSFRESScEAPaBLOWLERt AB BxTBLARPI - AERDBRINTRESHEGRELOSt ri cti on
apparatus may further conprise a vibrating unit which conducts vibration at
an end of apher20umagnédt ostieiicgorheppasetreatomanbendtbatiungtile gt er nal
menber, outside the nagnetostriction apparatus. [0011] Arbitrary

conbi rmt i presetebbecapor erentveandd ofonsti ughagoekenentisraBgparatus
i npl enentations of the invention in the formof nethods, apparatuses and

syst ems néxnabéorgau%édpaaettﬁ@dsa%eaQHlEhenﬁe1g9@ealgéckh%np&%%e%%
i nvention. [0012] According to the enbodlnents of the present MZ10-70001WOD

o et CRlls P B by A0 LA RS SR Lo RpoE B vs can e
external member to which the magnetostriction apparatus is
fitted can be more flexibly designed than in the related art.

10 [0010] The housing may include a yoke for creating a
closed magnetic path witﬁin the housing. The face of the
housing where the magnetostriction apparatus is connected to
the external member may be open, and the magnetostriction
apparatus may be connected to the external member such that

15 the end of the magnetcestrictor facing the external member, or
a constituting member provided in the magnetostrictor to face
the external member comes into contact with the external
member. The magnetostriction apparatus may further comprise
a vibrating unit which conducts vibration at an end of the

20 magnetostrictor opposite to an end facing the external member,
outside the magnetostriction apparatus.

[0011] Arbitrary combinations of the aforementioned
constituting elements and implementations of the invention in
the form of methods, apparatuses and systems may also be

25 practiced as additional modes of the present inventicn.

[0012] According to the embodiments of the present
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[00131 Fig. 1 shows the structure of a related-art nmagnetostriction
apparatus. Fig. 2 shows a table showing the characteristics of a 10 super
magnetostrictive material and a piezoelectric material. Figs. 3A and 3B
schematically show how a magnetostricter vibrates. Fig. 4 shows the
structure of a magnetostriction apparatus in which an inprovenent is made.

15 Fig. 5;showsithe stughyr enaf 13gReadnhane asnan cex3qpks o0k AR 8l egt roni ¢
devi ce proviggﬁ wth t%e nagnetostglctio app%ratus shown 1 n E?%. E. Fig. 6
shows the 3%r %turﬁiog % magnetostriction apparatus according to the
ermbodi menf2720°FFG 7 Shows the structure of an el ectronic device according
to the enbodinent. Fig. 8 shows the structure of a headphone as an exanpl e
of an electronic device provided with the magnetostriction apparatus shown
in Figs. 6 and 7. 25 Fig. 9 shows the structure of an electronic device
according to a vari ati oBRGEFt PESERBGTIANOF WEEODROGANAOS 6 [0014] 1 super
magnet ostrictor, 2 bias nagnet, 3 bobbin, 4 coil, 5 electrical lead, 6
vi bratsng rod, 7a prestress cap, 7b case, 8 housing, 9 elastic nenber, 11
bottom plate, 20 5 magnetostriction apparatus, 28 vibrating pad, 29 circuit,
30 [0013]
Fig. 1 shcws the structure cf a related-art
magnetostriction apparatus.
Fig. 2 shows a table showing the characteristics of a
10 super magnetostrictive material and a piezoelectric material.
Figs. 3A and 3B schematically show how a
magnetostrictor vibrates.
Fig. 4 shows the structure of a magnetostriction
apparatus in which an improvement is made.
15 Fig. 5 shows the structure of a headphone as an example
cf an electronic device provided with the magnetostrictiocn
apparatus shown in Fig. 4.
Fig. 6 shows the structure of a magnetostriction
apparatus according to the embodiment.
20 Fig. 7 shows the structure of an electronic device
according to the embodiment.
Fig. 8 shows the structure of a headphone as an example
of an electronic device provided with the magnetostriction
apparatus shown in Figs. 6 and 7.
25 Fig. 9 shows the structure of an electronic device

according to a variation of the embodiment.
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magnet ostriction apparatus, 40 main body, 41 screw part, 42 projection, 49
circuit, 50 electronic device, 61 flange part, 81 screw part, 90

magnet ostri ction apparatus, 100 headphone, 110 nmai n body, 200 headphone,
210 mai n body 10 BEST MODE FOR CARRYI NGEOUT THE | NVENTION [0015] Fig. 1
shows the structure of a related-art nagnetostriction apparatus. A

rel ated-afpomagnet ostriction 15 apparatus 90 is provided with a
magnetostrictor 91, a coil 92, a bias magnet 93, a cap 94 and a case 95.

The rmagnetgstrictor s;a.substaptially cylingric shape an
d|splaced§sugﬁefha?gn?%8xg goﬁhdgcgﬁ ?a@%gn¥L g bo%P%QCtgoﬁo6g’hgight in
accordance_w th a pagnetic fleld 20 generated by the coil 92 and the bias
magnet 93%1¥RETiRAgndEBStr PctOPTEEIPS pPBvi dBdPSEBSFEAFI PPy dP CR&°center

of the case 95 so that the height thereof is aligned with the depth of the
subst ant i &l hgpueynndPi edbrstasemeBbeTheléobpt92m psapeovic@ed around the
magnetostrictor 91. An electric 25 current supplied froman external drive
gener & esmagnmagoetircctibal dpproundst hegnagbeboshyi phdr, 9%. cIkeuhicas 3wagnet
93 is Mz10-70001W) 7 provided to provide a bias magnetic field of a

pr edet er %B@HetbBE%BétE&SnaEtBEJBgaEhg magnehLoat Hhbal,or . 4915@%% parrangnt basis.
The cap 94 is substantially disk- shaped and is provided to Seal the case 95

whi ch cont.ains Lhe,MagaeLoSLiL gl o5 9Ly LD R; 6oLk, 92.and 1t he bigs agnet 93

i nsi de. gagenent "groove 6 |s orne dviar e’'top o e ‘wal |

of the case 95. C
81 screw part, 9C magnetostriction apparatus, 100 headphone,

110 main body, 200 headphone, 210 main body
10

BEST MODE FOR CARRYING OUT THE INVENTION

(0015] Fig. 1 shows the structure of a related-art
magnetostriction apparatus. A related-art magnetostriction

15 apparatus 90 is provided with a magnetostrictor 91, a coil 92,
a bias magnet 93, a cap %4 and a casge 95. The
magnetostrictor 91 has a substantially cylindrical shape and
ig displaced such that it expands and contracts in the
direction of height in accordance with a magnetic field

20 generated by the coil 92 and the bias magnet 93. The
magnetostrictor 91 is provided substantially at the center of
the case 95 so that the height thereof is aligned with the
depth of the substantially cylindrical case 95. The coil 92
ig provided around the magnetostrictor 21. An electric

25 current supplied from an external drive generates a magnetic

field around the magnetostrictor 21. The bias magnet 93 is

MZ10-70001WC



A latch part 97 of the cap 94 is |latched by the engagenent groove 96 so as
to secure the cap 94 and the case 95 to each other. The magnetostrictor 91
is pressed fromabove and from 10 bel ow by the cap 94 and the case 95,
respectively, so as to undergoes certavn prestress. [0016] As an
alternating current is supplied to the coil 92, an alternating magnetic

fieldis 9§8€£§é§dt§r$98@iééea 59hL ﬁggnééyéiﬁgei@eoﬁaQnBEE§EEE9h95e81 to
expand and 15 contract in the axis direction. The cap 94 vibrates as a
result of. nsion_an o] ' he net Qst [ 1l,.and the
Vi brati on'tECRERARoTEa et ErfohagigtbBr2kebbao: PR T BRphaift FRp®’
magnet ostrjction _apparatus, 90 sh i.n Fig. 1 is used in a headphone, the
cap 20 94T$§ B?Esg%dyﬁgﬁFHEFaPEéaﬁﬁ?gﬁbﬁgthﬂpﬁﬁ ?ﬂa éﬁrP§8Vé§egotoconduct
the vibration generated by the magnetostrictor 91 to the head via the cap
94. The c&pad4the tapaedSsehasht gonheens| bhgenaghaseperigtenadlt hehbot t om of
the case 95. This prevents the vibration of the magnetostrictor 91 from

bei ng 5 25cabtsogbedntiyththebbatt naynétt be ¢ased85 and ensigascetthatrddmes
vibration is efficiently conducted to a target object (e.g., M10-70001WO 8

the head ot therys@ed YbRathecBapt84- oF0PAL] sFhg. wid1shewstact ahke show ng
a

the characteristics of a super nagnetostrictive material an

d
[ | [ ' tostricti teqi t er bi 5
GySprosi i BRI IR0y £] Rae BRpSrPor char Ser erra Pes Phas 3 ORr8bel cotric

material such as lead zirconate titapate (PZT:
groove 26 sSC as Lo secure tﬁe cag 54 and the case 95 to each

other. The magnetostrictor S1 is pressed from above and from
10 below by the cap 94 and the case 95, respectively, so as to
undergoes certain prestress.
[0016] As an alternating current is supplied to the coil
92, an alternating magnetic field is generated around the
coil 92, causing the magnetostrictor 91 to expand and
15 contract in the axis direction. The cap 94 vibrates as a
result of the expansion and contraction of the
magnetostrictor 91, and the vibration is conducted ocutside
via the cap 94. For example, 1f the magnetostriction
apparatus 90 shown in Fig. 1 is used in a headphone, the cap
20 94 is pressed against the neighborhood cf the ear so as to
conduct the vibration generated by the magnetostrictor 91 to
the head via the cap %4. The cap 94 is formed so as to have
larger elasticity than the bottom of the case 95. This
prevents the vibration of the magnetostrictor %1 from being
25 absorbed by the bottom of the case 95 and ensures that the

vibration is efficiently conducted to a target object (e.g.,

MZ10-70001W0O



PbZr O3- PbTi B) as descri bed below. First, a super nagnetostrictive materi al
is characterized by larger stress developed therein and relatively |arge
di spl acenent. 10 Accordingly, vibration generated in a super magnetostrictor
can be efficiently conducted outside. Farther, since the drive voltage is
| ower, the power consunption is smaller. Mreover, since the Curie point is

higher, itnganohg Ygednbnyusa i ghat eARCEGLUEE. Si nce the super ,
magnetostrictor vibrates 15 in the presence of a magnetic field, the driven

part is n cont a¢ e I [

hi ghl'y sa?B %oPuse [OﬁﬁB]iNﬁgggggg @ gho#?%% ost%ﬁ% ?@%gﬁ% erfal is
characterized b arge stress devel op ed ther nd so can_20 pro erIy
conduct | Biv firé& EﬁﬁcﬁagﬁﬁﬁﬁséﬁéF§§V9lBPEFFbﬁ 08P€j AePLeARCAGEE FSnaI benefit

of high response_speed enables the material to properly follow a

hi gh-freqUiéReyirmput? st ¢RI TROTgeret B e~ WhreatoniaTheischaas| berbium-
characteristic is achieved over a w de frequency range. This is

parti cul adygp25sadvantragedUbDiyFed headphpeeior ahaspeakerikniwki chahhe
material is used. A related-art headphone using a MZ10- 70001WO 9

pi ezoel echikbgorRbetr-ak RARPALY g@eﬁrage1§95nglyeohatabegka%atéo (oiAz.. By
using a super nmagnetostrictive material, sound at 50 kHz or h|gher can be

generatedﬁﬁggoggpﬁ§gggahgg Q%g@Q§be ap Eggr %gﬁggtmnéh €E%£equency of up to

about 20 eories say t Uirans can hear” rasound. Auditory

perception through bone conductloT has HOt been stgdked as
magnetostrictive material is characterize y larger stress

developed therein and relatively large displacement.

10 Accordingly, vibration generated in a super magnetostrictor
can be efficiently conducted outside. Further, since the
drive voltage is lower, the power consumption is smaller.
Moreover, since the Curie point is higher, it can be used in
& high temperature. Since the super magnetostrictor vibrates

15 1in the presence of a magnetic field, the driven part is not
in contact with a power supply. As such, the material is
highly safe tc use.

[0018] Moreover, a super magnetostrictive material is
characterized by large stress developed therein and so can

20 properly cconduct low-frequency, high-energy vibration outside.
An additicnal benefit of high response speed enables the
material to properly follow a high-frequency input signal to
generate vibration. Thus, a flat characteristic is achieved
over a wide frequency range. This is particularly

25 advantageous in a headphone or a speaker in which the
material is used. A related-art headphone using a

MZ10-70001WO



extensively as auditory perception through an eardrum Perception of sound
in an ultrasonic range through bone conduction has yet to be explored. W
envi saged to devel op a 10 headphone and a speaker using a super
magnetostrictive material capable of reproducing sound in an ultrasonic
range wth a high fidelity, instead of using a piezoelectric material not

capabl e of,;gener atkRg chirgheifagquency -sayYndenet-akiend oo ugORs ARkl @n the
fact that equi pnent has been 15 devel opéd~recently capabl & of recording
sound in an lLtr I.C.range 1 10, . chal l.enges we
Found, " 30, el SO £ RODIANSE SouE Loy b atege.al clallange
magnetostrictive naher'al to b$§t advant age. Fi gs. 3A,§nd 3B ﬁo

schemati call Q?H§h8\7€/ FANE TEGReC6s BFPELEE - br it o35 AR1ChBAAT MHYEPE. 3A, i f
one end (hereinafter, referred to as a "fixed end") 98 of the

magnet ost CE&t Beagl spyndj wddh ehé reaysecyseli ot o9f ards kikrd c8fPeact s
only toward or away fromthe other end (hereinafter, referred to as an

"out put 2heemdip. shiyetéhar dumanisr abnoheaccudtiragownen thediragagt ostri ctor
91 expands or contracts is efficiently M10-70001W) 10 conducted outside

via the oplRdltpeRdnI9nhrblighh@®chiexednendt98n wiabr abes pdud e ddied agt that
the nmenber supporting the fixed end 98 of the nmagnetostrictor 91 is elastic

| 1 ght e i Lsnl f yibrat] tress 5
cccur oy CARBEETEa r PEh et R R B S PR o el o

accordlngg%fcé%tﬁg% %%ps%ﬁn%fi%h%n ultrasonic range through bone

conduction has yet to be explored. We envisaged to develop a
10  headphone and a speaker using a super magnetostrictive
material capable of reproducing sound in an ultrasonic range
with a high fidelity, instead of using a piezoelectric
material not capable of generating high-frequency socund,
taking into consideration the fact that equipment has been
15 developed recently capable of recording sound in an
ultrasonic range.
[0019] We came to be aware of challenges we face in
using the excellent fregquency characteristic of a super
magnetostrictive material to best advantage. Figs. 3A and 3B
20 schematically show how a magnetostrictor vibrates. As shown
in Fig. 3A, if one end (hereinafter, referred to as a "fixed
end") 98 of the magnetosgtrictor 91 is fixed, the
magnetostrictor 91 expands and contracts only toward or away
from the other end (hereinafter, referred tc as an "cutput
25 end"). Therefore, vibration occurring when the
magnetostrictor 91 expands or contracts is efficiently

MZ10-70001WO



magnet ostriction apparatus 90 shown in Fig. 1 is pressed against the target
object to conduct the vibration of the nagnetostrictor 91 to the target
object, a force is generated 10 whereby the fixed end 98 of the

magnet ostrictor 91 presses the bottomlaf the case 95 due to reaction to the
force with which the cap 94 presses the target object. If the case 95 does

not have gpoug@h:tAeslitalaaessasnshgwpphp EhG 99B. 1¥idiatf phe@tetdeyput put
end 99 is attenuated, preventing 15 V|8rat|on of the nagnetostrlctor 91 from

bei ng_ProOpeLLY.cgoaduct sdchg Fhect prget obi SekcTe AhenpTRIcD M EL DS

particul ar |cea in OW f requency range

vi brati on ene %h the result tha for ound

T houl 1eR8 REAPT Wi BeHBRERHORECo0Y Wk cheuSLaoEhE ﬁﬁgﬁéEE§WPeabﬁoﬁs
apparatus 90. [00201 W have cone to realize that the nenber in contact
with the gheed endF98. oBBi héipngaeeostEi efovibratecy. or sheegdse 95 of the
magnet ostriction apparatus 90 of Fig. 1) nust have enough inertial mass and
har dness bacardéngt oo28upteli brbmdegeadatpan &ndt he bueguednscyscharacteristic
of the magnetostrictor 91 over a wi de frequency range. It wll be

MZ10- 70003¥0cfil o @t gdcbhat nhhe . chad lenge-45 side ppdque to a
magnetostrictor, whichis c aracterlzed by greater stress devel oped therein

than in a.piez0elect Ligofexhoe,atughos chalheageghas not, gyed pgen aware of

by devel opers sound con ion apparat uses Useé prezoelectric

[ ] rt her h hal | en
devices: LLaghll LHLtPergebeopsted Lhat Lhgenehe 098,16 1080t oo

magnetostrictor %1 to the target object, a force is generated

10 whereby the fixed end 98 of the magnetostrictor 91 presses
the bottom of the case 95 due tc reacticn to the force with
which the cap 94 presses the target object. If the case 95
does not have enough inertial mass as shown in Fig. 3B,
vibration at the output end 99 is attenuated, preventing

15  wvibration of the magnetostrictor 91 from being properly
conducted to the target cbject. The phenomenon will be
particularly noticeable in a low-frequency range
characterized by high vibration energy, with the result that,
for example, bass sound is difficult to hear with a headphone

20 which uses the magnetostriction apparatus 90.
[0020] We have come to realize that the member in
contact with the fixed end 98 of the magnetostrictor 91 (e.g.,
the case 95 of the magnetostriction apparatus 90 of Fig. 1)
must have enough inertial mass and hardness in order to

25 prohibit degradaticn in the freguency characteristic of the
magnetostrictor 91 over a wide frequency range. It will be

MZ10-70001WO



result of pursuing a sound conduction apparatus capable of reproducing the
entirety of human audi ble sound with a high fidelity and persistence in
covering a barely audi bl e sound 10 range. As described | ater, our
experinments show that, in order to effiiciently drive a super

magnet ostriction apparatus as a vibration generator over a w de frequency
fange. aMmotLarthal (MSSd Sehlgess ol g&#i'ﬁeoﬁo RI fLEREDLY, r 2dc ot | MTES
or |arger, nor e prefera 9 t| or ger - an t € Nnobving nmass
shoul d be vided at the fix neto trict [0021]
Flg. 4 sh‘?ﬁ%otﬁh?as s?%l%?a\:%rb?ei %g%%%??.%w%%s BEaraPed Pharciad in view
of the above-nentioned challenge. . A magnetostrictiaon apparatus 20 i ncl udes
a super 20hdaghetdsRiFErdteatr aChiasifagnaiuch @Errhilpeadt d¥hetflet 2a  and
a |l ower bias magnet 2b), a bobbin 3, a coil 4, electrical |eads 5a and 5b,

a vi br at i ager ddeén aW@res©febs dapeyapeas chseodhd andndnceliasti ¢ nenber
(helical spring) 9. [0022] The super nagnetostrictor 1 is used as a 25

Vi br atd onappansduses it cosyepléhgedest ghal ddettved friomyi Soune-1ing:0

vi bration. The super nmagnetostrictor 1 has a M10-70001WD 12 substantially

cyl indricgl ﬁ@g@aséﬂgt'§h8r9Ma9fgn¥%t@aéh?deHPPPie@'§§r9@9ﬂ9ta§a on its top

and the | ower magnet 2b on i bottom The super magnetostrictor 1 is

sandw ched _bet en t he u bi as .ma a_and the net 2b 5
and acconﬁ%ﬁ%f |np?ﬁ%u%§§e 278°C 7 e gu%%?gﬁ%ﬁn%?%§¥?L8Fo?aﬁagig Bgrnanently
exposed to a bias magnetic field generated by

reproducing the entirety of human atdible sound with a high

fidelity and persistence in covering a barely audible sound
10 range. As described later, cur experiments show that, in
order to efficiently drive a super magnetostriction apparatus
as a vibration generator over a wide frequency range, an
inertial mass 13.8 times or larger -- or, preferably, 21
times or larger, or, more preferably, 69 times cor larger --
15 than the moving mass should be provided at the fixed end 98
of the magnetostrictor %1.
[0021] Fig. 4 shows the structure of a magnetostriction
apparatus improved in view of the above-mentioned challenge.
A magnetostriction apparatus 20 includes a super
20 magnetostrictcer 1, a bias magnet 2 (an upper bias magnet 2a
and a lower bias magnet 2b), a bobbin 3, a coil 4, electrical
leads 5a and 5b, a vibrating rod 6, a prestress cap 7a, a
case 7b and an elastic member (helical spring) 9.
[0022] The super magnetostrictor 1 is used as a
25  vibration transducer for converting a signal derived from
gound into vibration. The super magnetostrictor 1 has a
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t he upper bias magnet 2a and the |l ower bias magnet 2b (i.e., the bias
magnetic field pernmanently penetrates the super magnetostrictor 1) . In
addition to that, it is ensured that 10 prestress is pernmanently exerted on
t he super nmagnetostrictor 1 by accommogdating it in the case 7b, supporting
the bottom thereof by the case 7b, and pressing a vibrating rod 6 against

the top ¢ BepeplagLinbhe, SLastl caloLpesal hhe; 'gggkggFgEgE%pd%h The super

nagnetostrlc to a vari ab g€ner at ed by

the coil 4 dIS posed around_the su magnet os tor 1, while also_being
pernanentP?p@§pB§@8 paIgeh; 48 ﬁﬁgﬁE?|E°P|@P % PEEEr Bigsa §398§§02Bbed

above. As a result, the super nmagnetostrictor 1 generates vibration in
response PB ahsthQtO@Ied?h@CS@@%maFaQQEﬁQQKEEHtQ?m#c%ﬁlsam¢§l¢b¢@ed by

wr appi ng a conductor line around the body of the bobbin 3 as a shaft. The
bobbi n 3 bstwradetbé apputebiak sagheaszgl aad shbsivate biapohpgaebonat e.
As an electrical signal is input to the conductor line via the electrical

| ead, 4 heagqi hcdofifPRaEESia FRENEEEE fbel drde APp&fCRiEGhegby:r Bytat| pwi ng
t he varlable magnetic field generated by the coil 4 to penetrate the super

MZ10- 7000100 ymanent 1y- expééednggngt8§5§'ﬁ%ﬁﬁeﬁict@§e§Hp§%ngﬁg@EhOEgr'Ctor

1 expands or  contracts in-accordance wth the Intensit e vari abl e

nagnetic elg resul.tin 2gug |%rat 002% e .end of the
Ui brati ng - Fed BoFE” fieRalRaRrry 295980nABE: SaWFD PRESS Esgp FagRotsErictor 1
via the uDBe b?ggsmagnetlc field permanently penetrates the super
magnetostrictor 1). 1In addition to that, it is ensured that
10 prestress 1gs permanently exerted on the super magnetostrictor
1 by accommodating it in the case 7b, supporting the bottom
thereof by the case 7b, and pressing a vibrating rod 6
against the top thereof with the elastic force of the elastic
member 2. The super magnetostrictor 1 is subjected to a
15  variable magnetic field generated by the coil 4 disposed
arcund the super magnetostrictor 1, while also being
permanently exposed to a bias magnetic field and prestress as
described above. As a result, the super magnetostrictor 1
generates vibration in response to an input electric signal.
20 [0023] The coil 4 is formed by wrapping a conductor line
arcund the body of the bobbin 3 as a shaft. The bobbin 3 is
made of a material such as glass substrate or polycarbonate.
As an electrical signal is input to the conductor line via
the electrical lead, the coil 4 generates a magnetic field 4
25 accordingly. By allowing the variable magnetic field

generated by the coil 4 to penetrate the super

MZ10-70001W0O



el

magnet 2a so as to conduct the vibration output fromthe super

magnet ostrictor 1 outside by another end. The vibrating rod 61 is provided
with a flange part 61. The flange part 61 is urged by the elastic nmenber 9
so as to be 10 pressed agai nst the uppers bi as nmagnet 2a. The pressing force
is applied to the super magnetostrictor 1 via the upper bias nagnet 2a. The

flange pa&%gﬁé&éﬁ@r&@@ §|§SthﬁenEUB§? ﬁggﬂé@&@?%é&? e@tg& EXagf oihe

vibrating r rom sI I ppi ng out case restress cap 7a.
15 [0025] is a_container. ( a,body) .whic ccommodates the
super magRETESEPFE P PeCPRASHEReM bhacrenaBRElEshy Phe SPEwdRIBRR Snagnet
2b, the bobbln 3, the_coil 4, the V|brat|ng rod 6 and the elastic nenber 9
assenbledm?ﬁnétlﬁréaéﬂéﬁnfﬁé&lééﬁﬂl@Gréﬂl@H PrReCpr ¥dbrasdogap 7a is fixed
20 to the case 7a by a spring nechanism welding, caulking, resin cure or
the |ike. [PA28he process @hdfdkipge t hebrpresy resd €aps metbatheachge 7b,
prestress is applied to the super magnetostrictor via the elastic nenber 9.

By appd yi agnnpeestr essthe thpesupagnengaetrostbirctofid, takf uppercyiak 25
transduci ng between an electric signal and vibration is inproved. The

prestresst%QQZazgngotgg Eés%oﬁBu@Eetth%QbZQQgéﬂﬂoﬁﬁguEr%E%%th£ formed of

a magnetic tertal so as not to leak the 1nternal gnetlc field outside

d t t tig fi ffi tl 26] Fig. 5 sh
The strOcCaPE-oF " RERRDRORECAS ‘af - t8 BXa®l 8 6 "G EVdclrbAFC device

provided with the
vibrating rod 61 is provided with a flange part 61. The

flange part 61 is urged by the elastic member S sc asg to be

10 pressed against the upper bias magnet 2a. The pressing force
is applied to the super magnetostrictor 1 via the upper bias
magnet 2a. The flange part 61 and the elastic member 9
prevent the entirety of the wvibrating rod 6 from slipping cut
of the case 7b and the prestress cap 7a.

15 [0025] The case 7b is a container (or a body) which
accommodates the super magnetostrictor 1, the upper bias
magnet 2a, the lower bias magnet 2b, the bobbin 3, the coil 4,
the vibrating rod 6 and the elastic member 9 assembled in a
predetermined configuration. The prestress cap 7a is fixed

20 to the case 7a by a spring mechanism, welding, caulking,
resin cure or the like. In the process of fixing the
prestress cap 7a to the case 7b, prestress 1s applied to the
super magnetostrictor via the elastic member 9. By applying
prestress to the super magnetostrictor 1, efficiency of

25 transcducing between an electric signal and vibration is
improved. The prestress cap 7a and the case 7b are
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magnet ostriction apparatus 20 as a vibration generator. A headphone 100 is
provided with a main body 110, a nagnetostriction apparatus 20 and a
vibrating pad 28. The nain body 110 includes a circuit 29 for transmtting
an 10 electric signal input froma player or the Iike outside the appliance
to the coil of the nmagnetostriction apparatus 20. The vibrating pad 28 is

fitted to i t} d f jclLio ragu and
conduct s ?%%§%¥%$%?i%ﬁgmégn%gcgeﬁégg%%g?ﬁ@§%§%%%}i%% %%Sﬂggtggtzgggkull bone
in the 15 vicinit% OL t he user'g.egr. The. serﬁgan recogni ze the vibration
conduct ed™ #7 oh tRE" R Ur FABREDFCt S ?b?%??hgep% 28° d8"Sb@hd tAFfough bone
conduction. W built a prototype of the bone-conduction headphone 100 shown
in Fig. 5Shagdetbeniicetdaingidpdelfbnienthyige frombass to treble is
reproduced 20 with a high fidelity, resulting in excellent acoustic
property. [f0RRY] A nHyret dstshaots arheappanattusre apabl eheddplysmerat iaxg
vibration efficiently over a wide frequency range was thus achieved. At the

same tg Meexd@pWer 6f ah§0e BMRF eofi - 28et Nee Npgedvi@saf Wit hetneeduction in size
and wei ght of the nmagnetostriction apparatus as it is used in a headphone,

MZ10- 7 - ' I - - o h
of ' pr odulTa S ue 5k hosApiBass  aa RE T phonedr ih e ORSFREPE dopulari Ly

to small size and |jghtweight, it _has been denpnstrated in the market that
LosTioht Brermagneel PR L5, 8PSt tre S ratiobonk TFostnr the b oguct

severely. W are o
magnetostriction apparatus 20 and a vibrating pad 28. The

main body 110 includes a circuit 29 for transmitting an

10 electric signal input from a player or the like outside the
appliance tc the coil of the magnetcstriction apparatus 20.
The vibrating pad 28 is fitted tfo the vibrating rod € of the
magnetostriction apparatus 20 and conducts the vibration
conducted from the vibrating rod 6 to the skull bone in the

15 wvicinity of the user's ear. The user can recognize the
vibration cconducted from the surface of the vibrating pad 28
as sound through bone conduction. We built a prototype of
the bone-conduction headphone 100 shown in Fig. 5 and found
that a wide tonal range from bass to treble is reproduced

20 with a high fidelity, resulting in excellent acoustic
property.
[0027] A magnetostriction apparatus capable of
generating vibration efficiently over a wide frequency range
was thug achieved. At the same time, we were also aware of

25 the need for further reduction in size and weight of the
magnetostriction apparatus as it is used in a headphone, a
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aware that, even if a product is superior to a simlar, prior product in
its characteristics, a slight increase in size or weight over the prior
product may negatively affect consunmers, desired to purchase the product.
This is partly 10 denonstrated by the Ifzact that headphones that use

pi ezoel ectric devices are comercialized in advance of those wth

magnet ost fkgLORS, a i CB ESeSMBEr LET 4l BePEr EAGABNCE ¢ [ 0AR8]LSince. the super

magnetostrictor 1 is of a cylindrical shape and 1s displaced In the height

direction ILL_15.pecessar nnect nmovi ng, c onents and e. hei ght
of the su%gégﬁgéﬁe 3g$r?%t§?¥§£ﬁﬁﬁggrgég.c%x;t %?88 nwg%aérow?okgﬁﬁﬁrt

necessary vibLation to a t?iget objegt ,tge super maghetostrictor 1 should
have a cePPBFNhebYnt® FHeref & g cOhERFYERehF s t hpBe8dPFR™r educing i ts
size in the height 20 direction. Accordingly, the size and wei ght of the
case 7b dadonferpredt testheaparaetwhheh acelpyhhn Haf§erporei én etzehe
total weight of the nagnetostriction apparatus 20, need to be reduced.
However, btheweagkt7bffhoukdthkseahavecd tkhetpraduthestivakelmss Wa araler to
mai ntain the | owfrequency 25 characteristic. W have arrived at a

technol ogywgapabhg: of evEREL ENg bb@%ﬁck”%@ﬁ?@bé?k@rrQBUEV@ﬂ%ﬁ&ﬁrthEQEQP
various MZ10- 700010 16 experiments, trials and errors. [0029] Fig. 6

abodi renP e ORF bt RGS FRREGaTI LI PBh Apasrarhs  JoCERBRn Tn=kP5. 03, a 5

magnet ostri ¢ctj on apparatus 30 according to the enbodi nent is
g wegght ovgg the pr?or productgmay negative?y affect

congumers' desired to purchase the product. Thisg is partly

10 demonstrated by the fact that headphones that use
piezcelectric devices are commercialized in advance of those
with magnetostrictors, which is superior in performance.
[0028] Since the super magnetostrictor 1 ig of a
cylindrical shape and is displaced in the height direction,

15 it is necessary to connect moving components and the height
of the super magnetostrictor 1 in series. Further, in order
to impart necessary vibration to a target object, the super
magnetostrictor 1 should have a certain height. Therefore, a
congtraint is imposed in reducing its size in the height

20 direction. Accordingly, the sgize and weight of the case 7b
and the prestress cap 7a, which occupy a large portion of the
total weight of the magnetostriction apparatus 20, need to be
reduced. However, the case 7b should also have a certain
inertial mags in order to maintain the low-frequency

25 characteristic. We have arrived at a technology capable of
meeting these incompatible requirements through various
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provided with a housing 8 in place of the prestress cap 7a and the case 7b.
The housing 8 is provided with a screw part 81, which is an exanple of a
connecting mechanismfitting the nagnetostriction apparatus 30 to the nain
body of the 10 el ectronic device in whixzh the nmagnetostriction apparatus 30
is provided. That is, the conponents of the magnetostriction apparatus 30

are accongggggggehgsthgrggyglQg 8cbefpore being fitted to the nain body of
the el ectroni ¢ device through ﬁe screM/part 81. The hou5|ng 8 includes a

yoke for for iro Iate in order adjust _a

magnet i cm?gf)?é t of ]}g gne%k?owgfal eld Egterrll“(lapir%a ed %fy BT RS %ﬁngé%l% t he

coil 4 and the electrlcal | eads 5a and 5k and to a | a magnetic field.
ﬁ%% Bhe

The bi as ABHRAEEC2S PRECEBLNIATANEREREMPRAGRERF cal Ut and 5b constitute
a magnetic field 20 generating neans. The yoke creates a closed magnetic
path withpaneheshousrhgn8arndrprederPsshowaghet Fedfi él.dafrom | eaking
outside. [0030] Fig. 7 schematically shows the structure of an electronic
devi ce prasgdedost thet henmagpetrastisi 801 ancdbdappatat the38mbbadwmenn Eeg. 6. A
mai n body 40 of the electronic device 50 is provided with a screw part 41,

which ML0~¢0804WPi &K ai 8o8BiR%aBPLER ?iaéecéﬁnﬁﬁé'ﬂgeQEQQQB'%Hbfﬁé
attaching the magnetostriction apparatus 30. By scremﬁng the screw part 81

f th t t k! Al bod
30 1 oget narS PRE haBRorTser 1T es iR S LA BRI e e Tl hoay

40. The cgnnec nechanlsn1 , , .
1, % 1s an examg?é of a connecting mechanism fitting the

magnetostriction apparatus 30 to the main body of the

10 electronic device in which the magnetostriction apparatus 30
is provided. That is, the components of the magnetostriction
apparatus 30 are accommodated in the housing 8 before being
fitted to the main boedy cf the electronic device through the
screw part 81. The housing 8 includes a yoke formed of, for

15 example, a soft iron plate in order to adjust a magnetic
circuit of a magnetic field generated by the bias magnet 2,
the coil 4 and the electrical leads 5a and 5b and to amplify
a magnetic field. The bias magnet 2, the coil 4 and the
electrical leads 5a and 5b constitute a magnetic field

20 generating means. The yoke creates a closed magnetic path
within the housing 8 and prevents a magnetic field from
leaking outside.
{00301 Fig. 7 schematically shows the structure of an
electronic device provided with the magnetostriction

25 apparatus 30 shown in Fig. 6. A main body 40 of the

electronic device 50 is provided with a screw part 41, which
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connect the magnetostriction apparatus 30 to the main body 40 by wel ding,
caul king, resin cure or the like. The end of the housing 8 facing the main
body 40 is open. Wien the magnetostriction apparatus 30 is fitted to the
mai n body 40, 10 the |ower bias nagnetl2b cones into direct contact with
the main body 40. A projection 42 is provided in a position of the main

body 40 whischAncapesmpi Bt 8 rcantaghetitifgt Rechawetmbiras WRGRel ndh £ HBY
tightening the screw, the super magnétostrictor 1 is pressed by the

proj ect | ORadfekbacLbe 16, auen bias maanch, 2b.apphy! pge PLedel cpgLped

prestress to the super maghetostrictor ctrrcal ané 5b
are connegt to a circuit 49 of the in d 0. so that an electrical

o gnal subtl B8 PPORFERECELFEArD ASPETEHBnal BFEdthEo SERE C o ta 3 126 0031]
In the magnetostriction apparatus 20 shown in Fig. 4, the case 7b is

assi gned the fraast PeAYof Ostppsttiesy the mﬁﬂﬂééoégél§¢lpﬁea@@ﬁéﬁtus 30
magnetostrictor 1. In the nagnetostriction apparatus 30 shown in Figs. 6
and 7,5t hes Mmaknebody 4@eofnatiime beldgctiOoni Theevorre&50inghmehhantcbudesy for 25
exanple, a circuit to provide an electric signal to the nmagnetostriction

appar at us c3@neks asel gageetbat riiuRebinoBppaMaid=70001W0 t18 mihat Hosy Lhe
housing 8 is provided to accommbdate conponents such as the super

regeL oo e ichog et LIS Bspranetaang ) gk sprener 0
magnet ost £l cton ot 80 ablGq YRS 1211 0hoAPLY 19 BLES! M CRBetOne
magnetostriction apparatus 30 is fitted to the main body 40,
10 the lower bias magnet 2b comes into direct contact with the
main body 40. A projection 42 is provided in a position of
the main body 40 which comes into contact with the lower bias
magnet 2b. By tightening the screw, the super
magnetostrictor 1 is pressed by the projection 42 via the
15 lower bias magnet 2b, applying predetermined prestress to the
super magnetostrictor 1. The electrical leads 5a and Sb are
connected to a circuit 49 of the main body 40 so that an
electrical signal supplied from the circuilt 49 is transmitted
to the coil 4.
20 [0031] In the magnetostriction apparatus 20 shown in Fig.
4, the case 7b is assigned the function of suppocrting the
fixed end of the super magnetcstrictor 1. 1In the
magnetostriction apparatus 30 shown in Figs. 6 and 7, the
main body 40 of the electronic device 50, which includes, for
25 example, a circuit to provide an electric signal to the

magnetostriction apparatus 30, 1s assigned that function.
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t he super magnetostrictor 1. This elimnates the need to provide a nenber
wth a large inertial mass in the magnetostriction apparatus 30 and all ows
the prestress cap for applying prestress to the super magnetostrictor 1 to
be 10 omtted. Consequently, this reduces the size and weight of the
magnet ostriction apparatus 30 and, ultimately, of the electronic device 50

as a “h0|@ha&OQézltﬁerﬁbﬁEQHga@t1§pBE8§98e8998'é@éoﬁmoﬁ%@@ekgﬁ bhehkan
apparatus as a prerequisite, with a case and a prestress cap belng bui | t

In and bul| thgstgﬁe”@ @8&0%5 %Engr‘%BQgr aE“Sth cbQy_gxappley, pidd

el ectroni & ~devicé ont Ret ost Fict Fon apparatus t he

enbodi nent can_b a to an .mai n ody 40 so Ion as the body 40
has suf fi CRERET s@n a?aﬁé C BEMRELoPdRAGI §S BPE C?FSﬁBBeSHGSEeS usi ng
the magnetostriction apparatus 30 can be designed flexibly. [0033] I|nsonuch
as the refunediant okmgrerestinet Fba fappdr andsofOotERoWHPEN Fig. 1 requires a
mechani smto apply prestress to the magnetostrictor 91, it can be said that
25 desi gnengnbavetbeéenounwi tti ngky foaughbnbyft heppyeagneekreedesisdea t hat t he
mechani sm shall be inherently provided in the M10-70001WD 19

nmagnet ost Ehet kQRe2PRALAEUSsBQicThe Techam sref i SMPPOrthadnedhecdi xed end
of the super magnetosfrictor 1 to suppress its vibration is also necessary

N the magnelostrLChLARCAPRALAL US1,20eShAMDL L0 Fligsed s ThR meChaANi S i 5

provi ded thin't magne ostrlctl n appar at us 'ure to be free from
this L
magnetostriction apparatus 30 and allows the prestress cap

for applying prestress to the super magnetostrictor 1 to be
1¢ omitted. Consequently, this reduces the size and weight of
the magnetcstriction apparatus 30 and, ultimately, of the
electronic device 50 as a whole.
{0032] A related-art approach requires a
magnetostriction apparatus as a prerequisite, with a case and
15 a prestress cap being built in and building the
magnetostriction apparatus in, for example, an electronic
device. In contrast, the magnetostriction apparatus 30 of
the embodiment can be fitted to any main body 40 so long as
the main body 40 has sufficient mass and hardness.
20 Accordingly, electronic devices using the magnetostriction
apparatus 30 can be designed flexibly.
[0033] Insomuch as the related-art magnetostriction
apparatus 90 shown in Fig. 1 reguires a mechanism to apply
prestress to the magnetostrictor 91, it can be said that
25 designers have been unwittingly caught by the preconceived
idea that the mechanism shall be inherently provided in the
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concept has resulted in failure to reduce the size and weight of the
magnet ostriction apparatuses 90 and 20 and has represented a fundanental
factor inhibiting wi de acceptance of magnetostrictors, which far surpass
pi ezoel ectric devices 10 in performance. [0034] W have changed the way of
t hi nki ng and have arrived at an idea of letting the main body 40 of the

el ectroni G ge¥t 68c POt PoRPEpBELatRsaPRl Y L HHd@smidh tHhor éﬁﬁéﬁrtln
magnetostrictor 1 and suppress vibration at the fixed 15 end t he Super

magnet ostEfctof,dy Ihys oBPPHS SQPS% ChdgHe ?§{ RQEOPV??anghéﬁgeggeﬁtghat the

magnet ostriction ap ara ave an i ner
sufficient . to Eugﬁress vibration at the fixed end of the, sup

magnet ost ¥+ B 8F 19" ahd agﬁ?oﬂgcg§s§gyréauggetﬂgggﬁi@sgﬁacﬁépghgpparatus

significantly. The 20 approach also permts omtting sone of the nenbers for
sandwi chi A shewsuper Fagignét osThe dterhanisiom siovey ded bel own anee appl yi ng
prestress thereto, which successfully resulted in reduction in height. This
means % hahagnéradernéf ibet apparatmasngenancel oird riegusnciredaf acherhisd i ¢ and
reduction in size 25 and weight is established. It will therefore be

aDDVECiat@anég@th&BGr@é§§€@B i AVeRtlQReOVEr coRBE=ChAL! angesahRalieight
MZ10- 70001WO 2 prohi bi ted conmmercial use of magnetostrictors, which are

superior Lp cf rﬁﬁ%ﬁété&t?%ct?@ﬂ éﬁgé?égﬂéésa9ﬂabﬂ& 2 Br gakt firgugh that

facilitates mn ceptance o ment using a magnetostrictor. 5 [0035]

As descr'b88r328¥€éda” %Qgég%ghtg?s§aégb§ Rhﬂ?giting wide acceptance

of magnetostrictors, which far surpass piezoelectric devices
10 in performance.
[0034] We have changed the way of thinking and have
arrived at an idea of letting the main body 40 of the
electronic device 50 to operate to apply prestress to the
super magnetostrictor 1 and suppress vibration at the fixed
15 end of the super magnetostrictor 1. This approach frees us
of the preccnceived idea that the magnetostriction apparatus
3¢ itself should have an inertial mass sufficient to suppress
vibration at the fixed end of the super magnetostrictor 1 and
allows us to reduce the size and weight significantly. The
20 appreoach also permits omitting some of the members for
sandwiching the super magnetostrictor 1 from above and below
and applying prestress thereto, which successfully resulted
in reduction in height. This means that a trade off between
maintenance of frequency characteristic and reduction in size
25 and weight is egtablished. It will therefore be appreciated
that the present invention overcomes challenges that
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or larger than the noving weight should be provided at the fixed end in
order to suppress vibration at the fixed end of the super nagnetostrictor
and efficiently conduct the vibration at the output end outside. For this
purpose, the 10 main body 40 should ha&fe nass approximtely 13.8 tinmes or

| arger -- or, preferably, 21 tines or larger, or, nore preferably, 69 tines

or largerproniBapeiheoh@baki MBSSsef othRaghlPEsL FRENELASt Whetar ale the bias
magnet 2, the elastic nenber 9 and the vibrating rod 6. If an additional

part 15 vj byt ' L ng:Lad e Lhratj ad for fitting
t he headphgggkg 6s%nt§ﬁ?%égég%&§?l%%é gggrfgpgeg%¥%gi§egggg e mass of such a
part shalh be hgcludgd hn tge ,gass of thg vibratinﬁﬁrod 6. The mass of
const i t ueRFSAERBEPYID RBRtchAChE FRGGPd¥d9Es2BEFRGHERNAI EFPLY FhREegr al
with the 20 main body 40 may be included in the mass of the main body 40.

[ 0036] Theswegber mpgRethetExarpre of Fig. 7, the projection 42) in the main
body 40 with which the structure of the fixed end cones into contact

desirabl y [AA85%5uf fi cifentdedar tresd sahoveuppr essemti e hthaes at 3 t et fmeed end of
t he super 25 magnetostrictor 1. The housing 8 is preferably nmade of a

magneti c ARt ekirgkr tRacasBet RBvABENGEQGhtT ehbaNdappapabysddd aM iB=70001W)
21 is used in a headphone or the |ike, however, the housing 8 nay not be

formed of +8,BOBEK! - BLAEAL DEGRUSELLNG, ARANSLLCALS Lelkd :g5Rar Bhadoles not

so intense. In this case, the housi ormed of a light materia
to achieve, Li ghtwer ght,, 3 [0037] 1 g; ;8 3004 09, SLLUGHULe QL @ headphone
vikbration at the output end cutside. For this purpose, the
10 main body 40 should have mass approximately 13.8 times or
larger -- or, preferably, 21 times or larger, or, more
preferably, 69 times or larger -- than the total mass of the
super magnetostrictor 1, the bias magnet 2, the elastic
member 9 and the vibrating rod 6. If an additional part
15 vibrated by the vibrating rod 6 (e.g., a vibrating pad for
fitting the headphone close to the ear c¢f the user) is
provided, the mass of such a part shall be included in the
mase of the vibrating rod 6. The mass of constituent members
that can be regarded as being mechanically integral with the
20 main body 40 may be included in the mass of the main body 40.
[0036] The member (in the example of Fig. 7, the
projection 42) in the main body 40 with which the structure
of the fixed end comes into contact desirably has sufficient
hardness to suppress vibration at the fixed end of the super
25 magnetostrictor 1. The housing 8 is preferably made of a

magnetic material. In case the magnetostricticn apparatus 30
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exanple of the electronic device 50 provided with the nmagnetostriction
apparatus 30 shown in Fig. 6. A headphone 200 is provided with the
magnet ostriction apparatus 30 of an open type shown in Fig. 6 instead of
the magnetostriction 10 apparatus 20 of21a cl osed type provided in the
headphone 100 shown in Fig. 5. We built a prototype of the headphone 200

shown in Fi a i t rabgeyePas n reblg, is
reproducegga%?%daﬁﬁi%ﬁHggde$?%383§A?ﬁetﬁgﬁ%éadphon%PiO%hghgaﬁggﬁQF?g. 5 and

that excellent acoustic 5 property is achieved 0038 bui | t ot ot ypes
of 't he heXiprine To0 o e oo € Raaleh T SR Y SAh PR R e hE P RuBRGRBE LT ot | o
apparatus_20. of a closed, cylinder type shown in Fig. 4, and of the
headphonef b ¥ REH2 T8 #Whi BRC| %Oehﬁg%%%- wilttth &He® 29 $fg it R4 DN
apparatus 30 of an open type shown in Fig. 6. The ratio between the noving
mass and &heayneetfatrmedsst suppontimgteheali kedaehdevs éxghtwedghnh.rel ation
to the frequency characteristic of sound output fromthe headphones, by
rati ng au@¢ o3 per cept ik by tdresvsanhogpaertsarctheieng it estleshdpton®eatd ngh t he
headphones. Since it is difficult to numerically determ ne the frequency

char act erLgthG1 0f o oURd Qfé@@i:&ﬁﬂcbé{ei)@é(@'g@ogﬂ%!‘&&gd PupBnepLhrough bone
conduction, a difference in frequency characteristic is checked by audio

perception_by the person_ bein ested. (0039 . experi t using the
mgnet ost TReH HE 6 SEhar e EE B0 b a0 L) SR8 vBer on | 1 Mot piohe

denonstrated | , , o
200 is provided with the magnetostriction apparatus 30 of an

cpen type shown in Fig. 6 instead of the magnetostriction

10 apparatus 20 of a closed type provided in the headphone 100
shown in Fig. 5. We built a prototype of the headphone 200
shown in Fig. 8 and found that a wide tonal range, bass and
treble, is reproduced with a high fidelity as in the
headphcne 100 shown in Fig. 5 and that excellent acoustic

15 property is achieved.
[0038] We built prototypes of the headphone 100 of Fig.
5, which is equipped with the magnetostriction apparatus 20
of a closed cylinder type shown in Fig. 4, and of the
headphone 200 of Fig. 8, which is equipped with the

20 magnetostriction apparatus 30 of an open type shown in Fig. 6.
The ratio between the moving mass and the inertial mass
supporting the fixed end is examined in relation to the
frequency characteristic of sound output from the headphones,
by rating audic perception by the same person being tested

25 wearing the headphones. Since it i1s difficult to numerically
determine the frequency characteristic of sound perceived by
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that the prototype nmagnetostriction apparatus 20, which has a novable part
weighing 1.3 g, an inertial mass of 17.9 g supporting the fixed end and a
total mass of 22.2 g, is superior to the related-art bone-conduction
headphone using, 10 for exanple, a piezeelectric device. That is, it was
denonstrated that the inventive apparatus is capable of outputting sound of

a wi der [}equeacynrange ndhUScohBBcr eXRETLIBNEcshoued Lhat Lhgekpgr tial mass

supporting t fixed end s preferably 13.8 tines or |arger t he novi ng
mass. 15 1f_we include in the ing mass the mass.of the vibratin pad
for conduBtTRE LTI et  ontof CERGRBUpE! ARgLetGerT Farbrm Py of hpnglrsld

magnet ostriction apparatus 20 to the head of a person being tested, the
inertial RB%33isepreferably about 3.4 tines or larger than the noving nass.
In the prototype headphone 20 100 equi pped with the nagnetostriction
appar at us[2039t he i ey texpemmentofusing fibedegnktesictieli gt he mass of the
mai n body, is about 90 g, which is about 69 tines (9 tines, if the vibrating
pad i & i ngppdediubargestt hanlbbednoypagsnass. inThig. dengasbhatestelat the
headphone 100 has a characteristic 25 superior to the bone-conduction

headphonetﬁ&EOEHé”?ré@oﬁ?ﬁe ﬁ&bﬁé@gséfictb@ﬁoa%8%9éyﬁéz§o,[Qﬁﬂgh Naanyhi | e,

repl acing the prestress cap 7a and the case 7 y the housing 8 resulted in

the magnetostriction apparatuys.30 of an open type _shown.in_ F.g. 6 weighing
as 11etrecasbis boe RTINS o L PBREE SHE utRE e 82 PPt on

apparatus 20 is 22.2 g, t he mass _of the ‘
suppcerting the fixed end and a total mass of 22.2 g, is

guperior to the related-art bone-conduction headphone using,
10 for example, a piezoelectric device, That is, it was
demonstrated that the inventive apparatus is capable of
outputting sound of a wider frequency range. Thus, the
experiment showed that the inertial mass supporting the fixed
end is preferably 13.8 times or larger than the moving mass.
15 If we include in the moving mass the mass of the vibrating
pad for conducting vibration of the super magnetostrictor 1
of the magnetostrictiocon apparatus 20 to the head of a person
being tested, the inertial mass is preferably about 3.4 times
or larger than the moving mass. In the prototype headphone
20 100 equipped with the magnetostriction apparatus 20, the
inertial mass of the fixed end, including the mass of the
main body, is about %0 g, which is about 6% times (9 times,
if the vibrating pad is included) larger than the moving mass.
This demonstrates that the headphone 100 has a characteristic
25 superior to the bone-cconduction headphone according to the

related art.
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magnet ostriction apparatus is reduced to alnost half. It is known fromthe
experinent already nentioned that an excellent frequency characteristic is
obtai ned by providing at the fixed end an inertial mass 13.8 tines or

| arger -- or, nore 10 preferably, 69 tiaes or larger -- than the noving
mass. This shows that the main body to which the magnetostriction

appar at us (3@4b$ attaQHggnW§1I@quféﬁﬁa&QnQaﬁﬁetﬁfeQ@féssSbgge tQﬁd”PMéng

mass of the prototype magnet ost ri ction apparatus 30 is e nmass of

headphone 305 T’ ki GRC TRESREgnE: AEELPEE on apiar PAESS0 L ﬁét‘?w‘éng?,';elz 8 g

is attached to the body 40 that weighs 27 g (21 tines as heavy as the
novi ng na§§?a§ﬁﬂuéoﬁplPﬁe&ntﬁ&?”tﬁ@pﬁe§HBW8néna€HBevésWeaﬁhéﬁﬁeﬁﬁent
acoustic characteristic. The headphone 200 is 20 significantly lighter than
t he headpRénele0es WRi-Bedof f 8iinng tegcehisentt apvustteperoperty as the
headphone 100. The housing 8 of the prototype is fornmed of a netal. If the
coil #s eaaphatnedrintacyokephentred ab Rer arl oy, othehaasiskeft ahecreate a
cl osed magnetic path, the housing 8 nay be fornmed of 25 a |ight materi al

such as r%&gﬂetEQt§1%%EoBU%b@%&a%%%U9% tRe cEBS$ o0k 1@ tMagnet ostEi ¢Li on
apparatus 30 and, ultimatel MZ10- 70001WD 24 the mass of the apparatus

| i ke a hegadphan 0041 structure of th
eIectronr% %Hev?ce ac%%%&Fﬁge %1 %dgt % g%nfﬁ Ao di ﬁFEI%ﬁ
magnet ostri cti on apparatus 30 shomn |n Fi g. i S further 5 provided with a
bot t om pl &EETLETCHY &H&FPFGﬁrﬂétﬁﬁel@oﬁﬁ&ﬁéﬁ?@ by providing at the

fixed end an inertial mass 13.8 times cr larger -- or, mcre
10 preferably, 69 times or larger -- than the moving mass. This
shows that the main body to which the magnetostriction
apparatus 30 is attached is required to have the masgs. Since
the moving mass of the prototype magnetostriction apparatus
30 is 1.3 g, the mass of the main body may be 17.9 g or
15 greater. We built a prototype of the headphone 200 in which
the magnetostriction apparatus 30 that weighs 12.8 g is
attached to the body 40 that weighs 27 g {21 times as heavy
as the moving mass) and confirmed that the headphone achieves
an excellent acoustic characteristic. The headphone 200 ig
20 significantly lighter than the headphone 100, while ocffering
excellent accoustic property as the headphone 100. The
housing 8 of the prototype is formed of a metal. If the coil
ig contained in a yocke formed of Permalloy or the like to
create a closed magnetic path, the housing 8 may be formed of
25 a light material such as resin. This can further reduce the
mass of the magnetostriction apparatus 30 and, ultimately,
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of the magnetostriction apparatus 30 shown in Fig. 7. The bottomplate 11
may be fornmed of a plate with waterproof finish for preventing drops of
water frominvading the nmagnetostriction apparatus 30 or the main body 40.
10 Alternatively, the bottomplate 11 sy be fornmed of a magnetic materi al
to prevent | eakage of magnetic field to the main body 40. Since the

magnet ost £het ihg8sappatakusp3drat ust Nigevar hablipRohe REOW dediw th the bottom
plate 11 facing the main Body 40, the apparatus is of a closed type instead

15 of an qggyiype. Hoygver, ohig, bolt om plat e d1opegds nol bave, s an inerti al

mass necessary to suppress vibration a I xed end O e super
magnetostrictor 1. The bottomplate 11 is no% ovi ded t o suppress

vi brat i on®§V FRe>Pi REGOERANGF tPhé VELPEF 1REGR tggﬁrP@PSQlTﬁnfhe therti al
mass necessary to 20 suppress vibration may be in the main body 40 of the
el ect roni Bage¢Leet50Ctf0D42PPRIAtHISs 38as8owWhnoon FRE -ndi Asbddytd@rshal | have
the weight 16.8 tinmes or larger -- or, preferably, 21 tines or larger, or,
nore pief erablyed6@ithmasborthbar géate- 1than 28dtiheocADtongheagempbhenmass of
the bottomplate 11 may be included in the mass of the main body 40. If

there is gemenLeMaLOndPBALYE 25 onnepbearaRlavhdednbehween e mai nthedy 40 and
the super nagnetostrictor 1 in addition to the bottomplate 11, the nass

f th [ i [ 40. Mhat i
cssonti al CLYCPRAELPRE FiiHTons OPCIRS Brafpgt RegHerbsPRars! Eobe provi ded

with sufficien ss_and .
fgn?sk ggr preventing drops of water from invading the

magnetostriction apparatus 30 or the main body 40C.

1¢ Alternatively, the bottom plate 11 may be formed of a
magnetic material to prevent leakage of magnetic field to the
main body 40. Since the magnetostriction apparatus 30 of
this variation is provided with the bottom plate 11 facing
the main body 40, the apparatus is of a closed type instead

15 of an open type. However, the bottom plate 11 need not have
an inertial mass necessary to suppress vibration at the fixed
end of the super magnetostrictor 1. The bottom plate 11 is
not provided to suppress vibration at the fixed end of the
super magnetostrictor 1. The inertial mass necessary to

20 suppress vibration may be in the main body 40 of the

electronic device 50,

[0042] In this case, toco, the main body 40 shall have
the weight 16.8 times or larger -- or, preferably, 21 times
or larger, or, more preferably, 69 times or larger -- than

25 the moving mass. The mass of the bottom plate 11 may be
included in the mass of the main body 40. If there is some
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har dness to suppress vibration at the fixed end. Wth this, vibration of

t he super magnetostrictor 1 is efficiently conducted outside. Al so, the
magnet ostriction apparatus 30 is allowed to exhibit its excellent frequency
characteristic 10 in this way. A particgl ar benefit of the nmagnetostriction
apparatus 30 used in the headphone 200 is that sound quality is inproved.

(0043] Thﬁer@hs}igrgéf e}%@fbé@@eéﬁvenéiﬁ@iﬂiﬂ@@yabevgn&sthéaggseyppn the

enbodi nent . odinent Is I ustrative in° 15 nature and vari ous

variations_in constituting ele ts.and_processes, involved e ssi bl e.
Those skl TTete FThet 8t bt Ao s aP Tyt S e R e P et X RLGaPRE | one are
also within the scope of the present invention. (0044] In_the enmbodi nent,
one supermﬁﬁﬁﬁ%gog??'cT%Wbﬁri@gYZ%ep?%Qfﬂgﬁéihntﬁéenﬂ@%%tﬁgtFFEtmﬁhn
apparatus 30. Alternatively, nultiple super nagnetostrictors may be

provi ded BodYy oh@- adihathel gre sPdivoha 40l shadianddgh fiiwad iend msstheThe size of
the super nmagnetostrictor 1 is as desired. [0045] An el ectronic device

usi ng % hesupgnetashet cttpict@b appar ptosi38d asiahvsbf &t coengenaesat angwas
described in the enbodinent. Alternatively, the nmagnetostriction apparatus

30 MZ10- 7Q0P4N0;26: o MBYpPBeySeHiBSaBi ¥hbEAL £ 08 dekegt 8ha. | Nvidh Scicase, the
vibrating rod 6 has the function of conducting vibration applied from

ating | | vibration” rom
means for CHRLSE L ha by 1ot TORCh [RORSGRRTT Lo bhar bof e PEFHEBRe R "super

magnetostrictor 1.in . .
conducted outside. Also, the magnetostriction apparatus 30

is allcwed to exhibit its excellent frequency characteristic
10 in this way. A particular benefit of the magnetostriction
apparatus 30 used in the headphone 200 is that scund quality
is improved.
[0043] The descripticn of the invention given above is
based upon the embodiment. The embodiment 1g illugtrative in
15 nature and various variations in constituting elements and
processes involved are possible. Those skilled in the art
would readily appreciate that such variations are also within
the scope of the present invention.
{0044] In the embodiment, one super magnetostrictor 1 is
20 provided in the magnetostriction apparatus 30. Alternatively,
multiple super magnetostrictors may be provided so long as
the main body 40 has enocugh inertial mass. The size of the
super magnetostrictor 1 ig as desired.
[0045] An electronic device using the magnetostriction
25 apparatus 30 as a vibration generator was described in the
embodiment. Alternatively, the magnetcstriction apparatus 30
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accordance with the vibration applied fromoutside, in the formof an
electrical signal. In this case, too, the housing 8 is provided with a
screw part 81 functioning as a connecting neans for connecting the
apparatus to the main 10 body 40. The fz# dness and nass of main body 40 is
sufficient to suppress vibration at the end of the main body 40 as the

super magRelostr{icbqrad LSvYLPheisH dHeebfolhe M il 0ms@pptihed from

outside. Wth this, vibration over a wide frequency range can be accurately
detected By elimhnating 42,1 peonesdotocproxi de bie mRnet gstrighi on
appar at us W a “prestress Cap or enough inertra s§, the si ze and
wei ght of tﬂe @p?aratus cag be reduced. I NDUSTRI AL USABILITY 20 (0046] The
present | ARBAEEONI FEMapPPFeanl &9t bRENSURPECPREREECREV R EECFor - gehdf at i ng or
detecting vibration by wusing a magnetostrictor. M10-70001W0 27 CLAI M5 1.
A magnet oSeiilcti bunappanat a8 eofApEESEhY wepngnépvsderersinghveliaxpands and
contracts in 5 accordance with a magnetic field; a magnetic field
gener & i ngnmeagsewhtchhgeaetatrestihecfmagaetsupeti mhdheandtaibavsi ngiwnhi ch
hol ds the magnetostrictor and the nagnetic field generating neans at
predet er nhpedrpostti Qs th8 WIBK8tAon applied from outside, in the

form of an electrical signal. In this case, too, the housing

8 1s provided with a screw part 81 functioning as a

connecting means for connecting the apparatus to the main

16 body 40. The hardness and mass of main body 40 is sufficient

to suppress vibration at the end of the main body 40 as the

super magnetostrictor 1 is vibrated due to the vibration

applied from outside. With this, vibration over a wide

fregquency range can be accurately detected. By eliminating

15 the need to provide the magnetostriction apparatus 3¢ with a

prestress cap or enough inertial mass, the size and weight of

the apparatus can be reduced.

INDUSTRIAL USABILITY
20
{o046] The present invention is applicable to an
electronic device for generating or detecting vibration by

using a magnetostrictor.
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t he housing is connected to an external nenber so that a predeterm ned
pressure is applied to the magnetostrictor by the external nenber and the
housi ng. 15 2. The magnetostriction apparatus according to claim1, wherein
t he external nmenber includes a circuit &hich supplies a signal for
generating the magnetic field to the magnetic field generating nmeans. 20 3.
The magnetostriction apparatus accordifygri® claiml or claim2, wherein the
housi ng i ncl udes a yoke which adjusts a magnetic circuit of the magnetic
field generated by the magnetic field generating neans. 25 4. A
magnet ostriction apparatus conprising: MZ10-70001WD 28 a magnetostrictor
t he magnetic ch?ra teristic ch varies_in accordance with variation

s

applied from ou magHEFgﬁgFﬁm@ﬁ@ﬁn@pﬁﬁréﬁuﬁeF8@P§1§épﬁat|on in the

magnetic characteristic in the forman electrical signal; 5 a housing which
hol'ds the nmagnefoBegnetertandtPhewhdeheekPARdAeand apnpragsteini ned
positions, wherein the housing is connected to an external nenber so that a
pr edet®er manedrpressuwe ths aapphned ito ftikédnmagnet ostrictor by the external
nmenber and the housing. 10 5. The magnetostriction apparatus according to
claim4, a magnetic field generating means which generates the
magnetic field; and
a housing which holds the magnetostrictor and the
magnetic field generating means at predetermined pcsitions,
10 wherein
the housing is connected to an external member so that

a predetermined pressure is applied to the magnetostrictor by

the external member and the housing.

15 2. The magnetostriction apparatus according to claim 1,
wherein
the external member includes a circuit which supplies a
signal for generating the magnetic field to the magnetic

field generating means.

20
3. The magnetostriction apparatus according to claim 1
or claim 2, wherein the housing includes a yoke which adjusts
a magnetic circuit of the magnetic field generated by the
magnetic field generating means.
25

4, A magnetostriction apparatus comprising:
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wherein the external nmenber includes a circuit which acquires the

el ectrical signal fromthe detecting nmeans. 15 6. The magnetostriction
apparatus according to any one of clainms 1 through 5, not conprising a
structure which supports an end of thesgragnetostrictor opposite to an end
supported by the housing and applies a predeterm ned pressure to the

magnet ostrictor, % H?tJQ€r mﬂﬁtQﬁérhﬁ&ﬁﬁ@1@pEH£§£H§e§§E€EQ'89 &H%éﬁy one

of clains 1 throug alm 6 ereint ousi ng includes a yoke
creating a_closed na net ngath gk e housi
g

nagnetostyl5%?8n13p% F%Fu cclr oﬁ@pmg?d Eﬁ?ﬁ%of%FﬁPgdgh 7,
wherei n MZ10- 70001W) 29 a face of the hou5|ng where the ma netostrlctlon
apparatus is co@%%%?%ﬁnﬁom?ﬁ%Se%?é?ﬁa@eﬁ%ﬁﬁ%rvﬁ§l%béﬁn aRdthensagnetic
magnet ostriction apparatus is connected to the external nmenber such that
t he end ofthehachagnetost ihctore Sofmchngetihetextelnaliigmedber, or a
constituting nenber provided in the nagnetostrictor to face the external

menbers comes i N4 ohoGeNhGCkhMhhhbhasexher naynsesbericlor Thadmagaet ostriction
apparatus according to any one 10 of clainms 1 through 8, further conprising

a VibratiBgtEEEﬁng“ﬁbﬁﬂscQEd§9E§e¥th§Bb8” 8ki2foRRd ehetlenmagnetostrictor

opposite to an end facing thé external menber, outside the magnetostriction

apparat us. NElOthOQ%Mang is connected to an external member so that

a predetermined pressure 1s applied tc the magnetostrictor by
the external member and the housing.
10
5. The magnetostriction apparatus according to c<¢laim 4,
wherein the external member includes a circuit which acquires

the electrical signal from the detecting means.

15 6. The magnetostriction apparatus according to any one
cf claims 1 through 5, not comprising a structure which
supports an end of the magnetostrictor oppesite to an end
supported by the housing and applies a predetermined pressure
to the magnetostrictor.

20

7. The magnetostriction apparatus according to any one
of claimeg 1 through claim 6, wherein the housing includes a

yoke for creating a closed magnetic path within the housing.

25 8. The magnetostriction apparatus according to any one

of claims 1 through 7, wherein
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10

29
a face of the housing where the magnetostriction
apparatus 1is connected to the external member is open, and
the magnetostriction apparatus is connected to the
external member such that the end of the magnetostrictor
facing the external member, or a constituting member provided
in the magnetostrictor to face the external member comes into

contact with the external member.

9. The magnetogtriction apparatus according to any one
of claims 1 through 8, further comprising a vibrating unit
which conducts vibration at an end cf the magnetostrictor
opposite to an end facing the external member, outside the

magnetostriction apparatus.
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