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
magneti c materials undergo strain in akcordance with variation in a
magnetic field outside the materials. Stressing and deform ng such a

magnetic material changes MAGNETRSTRICTIORap@PhRATSSi c according to the
stress. 15 This phenonenon is called magnetic strain. 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. %é&%ﬁﬂC£y ﬁﬂﬁhying an alternate nmagnetic
vibratil

field to a 20 magnetostri ctor, on- a e same 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 ig al@0Qkke, foThexamsisent 2nvsattdmn dedwie®t tNo.a 1). [ patent docunent
No. 1] MZ10-70001 2 JP2001- 258095

magnetostriction apparatus for generating or detecting

vibration by using a magnetostrictor.

BACKGROUND TECHNOLOGY
10
[0002] Some magnetic materials undergo 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 magnetic strain. Recently,
materials that exhibit displacement 50-100 times greater than
that of the magnetostrictors 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 frequency as that of
the alternating magnetic field can be generated. It 1is
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]
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[0004] It is strongly desired that a nagnetostrictor- based vibration
generator provided in a headphone or a hearing aid be small and

| i ghtwei ght. We have proposed in 5 patent docunent No. 1 nentioned above a
technol ogy for reducing the size and weight of a vibration generator by
applying prestress to a super magnetostrictor so as to inprove transducing
efficiencyp2@nd-bys@estting a vibration plate so as to conduct the

vi bration by the super 10 magnetostrictor directly to a target object.

[0005] Verheyg) built upons th odpchnd Oged ieughy exdaed d@int S-{omar d
further reduction in size and weight of a vibration generator and have

arrived e C | f % ducin (4 nd wei ght of
a vibrat?%%g?% %gﬁgégf%?,gﬁﬁgfgt%%i% §%%$%% %ﬁegeé%%?égﬁchﬁgrgcteristics of
a super magnetostrjctor. D SCLOSURE, OF THE | NVENTI ON 20 [ 0006] A general
pur pose OFCRRENPresentei flent i oRdi $19REWHAVF de e thehdtoRP Y Hehi eving a
smal | and Iightweight nagnetostriction apparatus. [0007] One enbodi nent of
t he pesepatéemyededwnciiel B esl menbippgdetlosvei et tophappagst Ger A
magnet ostriction 25 apparatus conprises: a nmagnetostrictor which expands and
contract sreduacegr dancei net ind waggeti cf faelthrat ragneeéherab@iOpy0001 3
field generating means which generates the magnetic field; and a housing
whi ch hol gdspt hengragnet ot s ct 91 s adpt Renagnetostrictor so as to

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 technology 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 technology for achieving a small and lightweight
magnetostriction apparatus.

[0007] One 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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magnetic field generating nmeans at predeterm ned positions, wherein the
housing is connected to an external nenber so 5 that a predeterm ned
pressure is applied to the magnetostrictor by the external nenber and the
housi ng. The external nenber may includle a circuit which supplies a signal
for generating the nmagnetic field to the nmagnetic field generating neans.

The housi fige T@Ygd Mt MOEN @ HOK@s With Cbh 1e 6O 94 St 19e MRGHEEE EcCEL Ut of the
magnetic field generated by the nagnetic field generating neans. [0008]

Anot her egodl ROLs Ol g Lhe; PE 8861k | W@%é%%ﬁ@rié%?t £8qt ond

magnet ostriction apparatus. A magnetostri apparatus conprises: a
magnetostrictor. th .qﬁgnetic 15. characteristic aries,in_accordance

neti n an gf Mhifh ¥ o]
with variBt90n T appt Ted T70F But’e? dBy et 2oty hig ReahS WR cROgst arie
variation 1in the magnetic characteristic in the forman electrical signal;
a housi ng"BfT e holRish el Raghet GRRReCeERf BhdR hexteetett PAPPREARS at
predeterm ned positions, wherein the 20 housing is connected to an external
menberd sotlast thaprede peedeted npnedspressur&pp siapptoethéo t he
magnetostrictor by the external nenber and the housing. The external nenber

may i ncl ufleg@etdsiEti iy aleguekesrhie wémcéri gadl shgnabusingm thes
detecting neans. 25 [0009] The magnetostriction apparatus nmay not conprise a

structur e yhi £, SUPDRLE S RAy end- 0fiqd he BREPET OSHKk{ &h 05 up 105790014441
opposite to an end supported by the housing and applies a

for generating the magnetic field to the magnetic field
generating means. The housing may include a yoke which

10 controls a magnetic circuit 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 outside; detecting means which detects variation
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 supports an end of the magnetostrictor
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predeterm ned pressure to the nmagnetostrictor. By omtting a prestress cap
provided in a related-art magnetostriction apparatus and causing the
external menber to function as a 5 prestress cap, the weight of the

magnet ostriction apparatus can be reduted and the size in the height
direction can be significantly reduced. Another advantage is that the
external &Eedestd or i€ heidies apgnet Oty cthoOmappart ssdi sppliitked can be
nore flexibly designed than in the related art. 10 [0010] The housi ng may

| nol ude & yoke: { i 048301 D0s dre CLOSEMe MROASLEL 65 PRI B UE L N gy e housy ng. The

face of e housing where the magnetostriction apparatus 1s connected to

t he external nenber y_be open,.and the magnetostriction. _apparatus may be
connectedp¥%s¥ﬂ%§%x?%?h%foﬁﬁﬁ%%rl%u%hr?ﬁ%Ee Saf%em%%%eo?sFﬁégﬁﬁaﬁetostrictor

facing the external nmenber, or a constituting nmenber provided in the
magnet ost #PRIBFLED dRdecappnexte? nakt aEnbermedies Fat 6uE6hi et 2@ &h t he
external nenber. The magnetostriction apparatus may further conprise a

vi br ati ngpues t reves chaponduet se Vbt aof obhatmagnendsbficheor0apngnetostri ct or
opposite to an end facing the external nmenber, outside the nagnetostriction
appar at uscah 094 1tedibedir anyt togbshati onstioé hbéegat onepestionedancpbastituting
el enents and inplenentations of the invention in the form of nethods,

appar at U?@§gﬁf§i§é/§$%%’8r@@¥c@&.so Mo d PrRcfd el as addidi onal nmodes of the

present invention. 12] According to the enbodi mrents of the present

Ivz10'7000&xt§ernal 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 within 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 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. The magnetostriction apparatus may further comprise
a vibrating unit which conducts vibratidn 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 invention.

[0012] According to the embodiments of the present
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invention, a small and |ightweight nmagnetostriction apparatus can be

achi eved. BRI EF DESCRI PTI ON OF THE DRAWNGS 5 [0013] Fig. 1 shows the
structure of a related-art magnetostriction apparatus. Fig. 2 shows a table
showi ng the characteristics of a 10 super magnetostrictive material and a
pi ezoel ectric material. Figs. 3A and 3B schematically show how a

magnet ostImwdotr i om brat €sal Fi gnd 41 sdiowse 1 ditet shaded tis et of cai shgagbesatiust i on
apparatus in which an inprovenent is made. 15 Fig. 5 shows the structure of
a headphong, as. ap-iexamphe of an el ectronic appliance provided with the
magnetostriction apparatus shown in Fig. 4. Fig. 6 shows the structure of a
magnet ostriction apparatus according to the enbodinent. 20 Fig. 7 shows the
structure of an electronic appliance according to the enbodinent. Fig. 8
shows the structure of a headphone as_an exanple of an electronic appliance

provi ded with the magne®d5tFiePohl Fapprrat usHE WM IMGEi gs. 6 and 7. 25

Fig. 9 shows the structure of an electronic appliance according to a
vari ati on of the enbodi ment. MZ10- 70001 6

[0013]

Fig. 1 shows the structure of 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
of an electronic appliance provided with the magnetostriction
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 appliance
according to the embodiment.

Fig. 8 shows the structure of a headphone as an example
of an electronic appliance provided with the magnetostriction
apparatus shown in Figs. 6 and 7.

25 Fig. 9 shows the structure of an electronic appliance
according to a variation of the embodiment.
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[0014] 1 super magnetostrictor, 2 bias magnet, 3 bobbin, 4 coil, 5
electrical lead, 6 vibrating rod, 7a prestress cap, 7b case, 8 housing, 9

el astic

vi brating pad, 29 circuit,

menber, 11 bottomplate, 20 5 magnetostriction apparatus 20, a 28
30 magnet ostriction apparatus 30, a 40 main

body, 41 screw part, 42 projection, 49 circuit, 50 el ectronic appliance,
flange pa[¢oi1#fl screw part, 90 nagnetostriction apparatus, 100 headphone,

61

110 main body, 200 headphone, 210 main body 10 BEST MODE FOR CARRYI NG OUT
THE 'NVE“H1§E#e£QQ e%%ékr%c§89“52t@faét&%gﬁé%e 9fb@bﬁfh?t§digﬁi, 5
ct IS provided

magnet ostri

on apparatus. A'rel ated-art nagnetostrictor’9

i th tostrict 1, il 92 i t_93, 94_and
65, The MRUTELBLTT| cre7001 Kiarat CibsFatt 1 5L CyT FROr ) C4P: SRAPEaR |5

p&?8fid is
di spl aced such that it_expands and contracts in the direction of height
accordance HEHiRI magnetdetif eremgeher &t SOBYORNRl2BEI 99 and 20 the bias

in

magnet 93. The nagnetostrictor 91 is provided substantially at the center
of the caseg®&tsstthaticheapeaghtust her eaf28 svabrgnedgwpah, t B8 depthiof the
substantially cylindrical case 95. The coil 92 is provided around the

magnet ost 80 Ch&gn&dosAni et eshraspsuatest 3suppl i@dndionbany254exseral

drive

generates a nagnetic field around the magnetostrictor 91. The bias magnet
93 is proyided {9 MIO-¥POQL 49 circuit, 50 electronic appliance, 61

10

15

20

25

flange part, 81 screw part, 90 magnetostriction apparatus,

100 headphone, 110 main body, 200 headphone, 210 main body

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Fig. 1 shows the structure of a related-art
magnetostriction apparatus. A related-art magnetostrictor 90
is provided with a magnetostrictor 91, a coil 92, a bias
magnet 93, a cap 94 and a case 95. The magnetostrictor 91
has a substantially cylindrical shape and is displaced such
that it expands and contracts in the direction of height in
accordance with a magnetic field 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 is provided around the
magnetostrictor 91. An electric current supplied from an
external drive generates a magnetic field around the
magnetostrictor 91. The bias magnet 93 is provided to
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provide a bias magnetic field of a predetermned intensity around the
magnet ostrictor 91 an a pernmanent basis. The cap 94 is substantially
di sk-shaped and is provided to seal the case 95 which contains the
magnetostrictor 91, the coil 92 5 and the bias magnet 93 inside. An
engagenent groove 96 is fornmed toward the top of the side wall of the

95. A

so as to secure the cap 94 and the case 95 to each other. The

magnet oSt &t He i ga PhESSSEr { £ 05 aboVen andy & FRam d O bel eys by 4he &.gp
the case 95, respectively, so as to undergoes certain prestress. [00

field is genera

1

case

| abedw pde ta W1id hdgneape 981 ¢ 5d | @f cheslr &ye t demengageneshsigyoove 96

94 and
6] As

case 95, | s ¢ . restres: Ny

Fletd i o gbrirat oot arbur Ther B d ity Do MBS oI Eal Co ©
d and 15 t t inth i s di tion. Th 94 vi br at

result of HHo Lx s br GNP Bt § &G UTOH BFOT el C Hgnet osEFFoFOH 1912 and t he

result of3¥e

vibration is conducted outside via the cap 94. For exanple, if the
magnettost3nétilom Phppdragnet 993 shoswkde n Firg.enpassensgdd duapeveedphone, the

cap 20 94 is pressed against the nei ghborhood of the ear so as to

conduct

t he vi brafoanmedenerat@dtiy tde ofgnet osidée ctorl 9dftohet besbead.viza the cap

94. The cap 94 is fornmed so as to have

| arger elasticity than the bottom of

the case Do.cHN SrPrevedt schbecyhbsation of tde pROPELOshEhELQENRL from
being 25 absorbed by the bottom of the case 95 and ensurées that the

vibration s effigiently £onducted 10.a 13" 98t 00 BRL (8.8- o5MEL0z10R0L

10

15

20

25

other. The magnetostrictor 91 is pressed from above and from
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
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 outside
via the cap 94. For example, if the magnetostriction
apparatus 90 shown in Fig. 1 is used in a headphone, the cap
94 is pressed against the neighborhood of the ear so as to
conduct the vibration generated by the magnetostrictor 91 to
the head via the cap 94. 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 91 from being
absorbed by the bottom of the case 95 and ensures that the
vibration is efficiently conducted to a target object (e.g.,
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8 the head of the user) via the cap 94. [0017] Fig. 2 shows a table show ng
the characteristics of a super nagnetostrictive material and a

pi ezoelectric material. A super magnetostrictive material such as terbiumb5
dysprosiumiron (TbDyFe) has superior characteristics than a piezoelectric
material such as lead zirconate titanate (PZT: PbZrG3-PbTi G3) as descri bed

bel ow. Fit1sd ,haSUpErthdmghet PSéia cthyecamtesjal is characterized by |arger
stress developed therein and relatively |large displacenent. 10 Accordingly,

vibrationrgepgy ated i @ SURSIHWERINGLES 's%%ngcac@uebec}%frfa{ccﬂ&ﬂtétyl&ondUCt ed
outside. Further, since the drive voltage is ower the power consunpti on

is small el s I\/bJ eé)ver r§| ncet Pgthzjé'n?a o] nt, %her .ca r?g used in a
hi gh terrpera“i1 oI5 e E T heS Uper- nagne osjtarl c? %Jr%%%% 95" Tn“t he
presence of a m netlc fleld the driven part is not. in contact with a
pover supptyer it suéh Supse %géﬁtéﬂsqrslc%"@nl“?ts%‘lé‘lt FUrde.2g 0]l Wt eover
a super magnet ostrl ctive material is characterized by |large stress

devel épeddyseres urandrao CEPDP0E priopersypeoheucthd oaete egaency, thighaener gy
vi bration outside. An additional benefit of high response speed enables the

mat eri al pe psopest yid ahd o Ba hi gheli regueangy + Npudnstgnal th0atgenperat e
vibration. Thus, a flat characteristic is achieved over a w de frequency

range. Thﬂ>§zf§3_p@5 igH agéydg§ aatiRgeoys im & deadphgns or a speaker in
which the materia <|9$J used. y ijr}(at ed-art heacf% hone usi ng a

magnetostrictive material is characterized by 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
a high temperature. Since the super magnetostrictor vibrates

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

[oo1is8] Moreover, a super magnetostrictive material is
characterized by large stress developed therein and so can

20 properly conduct low-frequency, high-energy vibration outside.
An additional 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
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MZ10- 70001 9 piezoelectric material can only generate sound up to about 5-
20 kHz. By using a super nmagnetostrictive material, sound at 50 kHz or

hi gher can be generated. It is said that humans can hear sound with a
frequency of up to about 20 kHz. Sonme S theories say that hunmans can hear
ul trasound. Auditory perception through bone conduction has not been

studi ed gsiefxdRASH VR Ynse ALl tOLY HETF ein OFs AT QUG anp eas dsyhht 5-
Perception of sound in an ultrasonic range through bone ‘conduction has yet

to be explorgd, V4 eudisaoed Lodeyelon .10 headahone AN @ sREAKPT,Si N0

super magnetostrictive teri of "reproduci ng sourld 1N an
ultrasonic.r e ith a high fidelit i nst ead ,of usi a pi.ezoel ectric

mat eri al i%tﬁ{;%p%m‘l%?e@e% a5 n%erh‘?%#wt-ef(ﬁ]Eqﬁé?néf ssoad'r‘fg%hatgm%bar}snto
consideration the fact that equi pnent has been 15 devel oped recently capable
of recor didly BRRAMSIHANN 1L t3 aborreerangel woI9]alveutase kbzbe vRE e of
chal l enges we face in wusing the excellent frequency characteristic of a

super 5 nmagnetoisds | <4y viehatat leumah s t ©adbasd aadvant ageund gRudBihAand 3B 20
schematically show how a nagnetostrictor vibrates. As showmn in Fig. 3A if

one end (her@ipfdershr i@ neshd acasdect foxaths et )bO8n okt tli€ed as
magnet ostrictor 91 is fixed, the nagnetostrictor 91 expands and contracts

oL o5 S LOMARE R Becead G el ald o e to 25 an

Perception of sound in an 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 sound,
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 frequency 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 magnetostrictor 91 is fixed, the
magnetostrictor 91 expands and contracts only toward or away
from the other end (hereinafter, referred to as an "output

25 end"). Therefore, vibration occurring when the
magnetostrictor 91 expands or contracts is efficiently
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magnetostrictor 91 expands or contracts is efficiently M10-70001 10
conducted outside via the output end 99. If the fixed end 98 vibrates due
to the fact that the nenber supporting the fixed end 98 of the

magnet ostrictor 91 is elastic or lightwdight, displacenent of vibration or
stress occurring conducted from5 the output end 99 outside is attenuated

accordi ngtyndiistddieutaiidd 04 the saghet osidi ¢4 1 on AR atiuge P eham in

Fig. 1 is pressed against the target object to conduct the vibration of

t he magn icto e j.ect r e ed. reby
the fi xe&%@?]%%%é ociu(?gh]teé (r)rtaﬁgé]ne%%s ?ﬁ?%?&}g‘i qﬁ%%%s%@?ﬁ%gﬁgtﬁgén g%%ﬁe case
95 due to reaction to the force with jch the cap 94 presses the target

obj ect . I?n§t%% S%b%ﬂ“%%%%t?ﬁﬁrﬁ%ﬁ%r2Q%ub% ¢t %Ioﬁagégggwghgﬁﬁ'in Fi g.
3B, vibration at the output end 99 is attenuated, preventing vibration of

t he magnedbsR¥aearern10f rohd bl hon 18T p3lopes$ yocondutr@dceodupbedaf gen

obj ect. The phenonenon will be particularly noticeable in a | owfrequency
range5 chatacierpuredehy 9% ghuwvs bdat i smenetgytead ddcdh@ingsul t Adhathe for
exanpl e, bass sound is difficult to hear with a headphone which uses the

nmagnet ost &4 St 4O APPAE ahakgn So s 201 £ P020] 2 V€a haves coreshSwheahi 2eqt hat the
menber in contact with the fixed end 98 of the magnetostrictor 9% (e.qg.,

the case 95 ofcLlie; MRONELOStLSL o 2PPALALYS 80 0.0y D). JUSEDAXE

enough i nertial nmas ness | pro degradatron in the

frequenc haracteristic of the
d yog the magnetostrictor 91 to the target object, a force is

generated whereby the fixed end 98 of the magnetostrictor 91
10 presses the bottom of 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 enough inertial mass as shown in
Fig. 3B, vibration at the output end 99 is attenuated,
preventing vibration of the magnetostrictor 91 from being
15 properly conducted to the target object. 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
which uses the magnetostriction apparatus 90.
20 [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
prohibit degradation in the frequency characteristic of the
25 magnetostrictor 91 over a wide frequency range. It will be
noted that the challenge is quite unique to a magnetostrictor,
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25 magnetostrictor 91 over a wide frequency range. It will be noted that
the challenge is quite unique to a nagnetostrictor, M10-70001 11 which is
characterized by greater stress devel oped therein than in a piezoelectric
devi ce. Such a challenge has not evenlBeen aware of by devel opers of sound
conduction apparatuses that use piezoelectric devices. It will further 5 be

noted thathidie thathengeryeszédeanyidies st ri€tdys ageve16888! thotephrsuing a
sound conducti on apparatus capable of reproducing the entirety of hunman

audi bl e sgund wit -y j [ p hste [ ver| barely
audi bl e sound lvﬁayng%&@l(j%ésﬁc?%e%%%?%} , %guu%rh gx%gl%lr%rﬁcg% gta{oé\?vgit(ﬁcat, in 10

order to effig%entlg drivefa?su er %gnetos riction %ﬁﬁar tus as a
vi br ati on” GEheTatbréBVer 4 wide ?Y%gﬁ ney Fanyean CiAerttar nass 13.8
times or larger -- or, preferably, 21 tines or l|arger, or, nore preferably,

69 tines IWPIRGeFes -Lhaan 3R P HoYP Pef FRBEC sHRUT @ be prioviideld Brihey fi xed
end 98 15 of the magnetostrictor 91. [0021] Fig. 4 shows the structure of a
magnetostivé ctotord Appardteschableved was viesmbffided abovet hendsoaed
chal l enge. A nmagnetostriction apparatus 20 includes a super magnetostrictor

1, a bi asrgmgheto? f@NsWPREra bé asndeghedu@ei o Oappslrachonesphbas srgnet 2b),
a bobbin 3, a coil 4, electrical I|eads 5a and 5b, a vibrating rod 6, a

Phosty SSaalBidie ity chec by ot o shashicofeIBes LUghicaLRPS! ARk
fidelity and persistence in covering a barely audible sound
range. As described later, our experiments show that, in

10 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 or larger --
than the moving mass should be provided at the fixed end 98

15 of the magnetostrictor 91.

[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

magnetostrictor 1, a bias magnet 2 (an upper bias magnet 2a

20 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
vibration transducer for converting a signal derived from

25 sound into vibration. The super magnetostrictor 1 has a

substantially cylindrical shape and is provided with the
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vi bration transducer for converting a signal derived from 25 sound into

vi bration. The super magnetostrictor 1 has a substantially cylindrical shape
and is provided with the M10-70001 12 upper bias magnet 2a on its top and
the | ower bias magnet 2b an its bottod¥ The super magnetostrictor 1 is
sandwi ched between the upper bias magnet 2a and the | ower bias magnet 2b
and acconmsiat ash d N ddgneasea 7dn The sapeindagnet DstEt Ch s s Imdghst 2b
permanent|ly exposed to a bias magnetic field generated by the upper bias

magnet  2a,angd: 4 heod Quer BirRs Jmaenaddtost ni ctidie Pias Jmanetdied i el d
permanently penetrates the super magnetostrictor 1). In addition to that,

it I's ensur t pre S 1S tly,exerted on the super

manet ost T ers 109 B S commbda T HeL T (o 114 e aser9h, PEs ool Phe
bottom thereof by the case 7b, and pressing a vibrating rod 6  against the
top ther R VATFPETRABTRS IR Flof ce??f (e gﬁigstqu@ewetgqstmec%e}
magnetostrictor 1 is subjected to a variable magnetic field generated by
the céil s disposeehiby agxpmsed heo saperasaynetosici tietdlgenhrhtedl 8p bei ng
permanent|ly exposed to a bias magnetic field and prestress as described

above. Astlger@spit ,bide mapest NBgnetOstiie Cloled boenenagestvpbraiien,in
response to an input electric signal. [0023] The coil 4 is forned by

wr appi ng @, Sapdletof o h b De- 205 & QupdhheeRody Qindhe, PObbiRe3sasea shaft. The
bobbin 3 Is made of"a material such as glass substrate or polycarbonate.
As an el egtr) Cal 81008k 1 5) 1 npyl 1o te LAY 18 ¥i&isured that
prestress is permanently exerted on the super magnetostrictor
10 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 9. The super magnetostrictor 1 is subjected to a
variable magnetic field generated by the coil 4 disposed
15 around 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.
[0023] The coil 4 is formed by wrapping a conductor line
20 around 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
accordingly. By allowing the variable magnetic field
25 generated by the coil 4 to penetrate the super

magnetostrictor 1, the super magnetostrictor 1 expands or
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the electrical lead, the coil 4 generates a magnetic field 4 accordingly.
By allowing the variable magnetic field 25 generated by the coil 4 to
penetrate the super magnetostrictor 1, the super magnetostrictor 1 expands
or MZ10-70001 13 contracts in accorddmsce with the intensity of the

vari able nmagnetic field, resulting in an output of vibration. [0024] One

end of theowtPiats noh roecbrdsnbBChath Cahdyinconneeyedrt ohéheasupgle
magnetostrictor 1 via the upper bias 5 magnet 2a so as to conduct the

vibratio f he et ostri r I The vi brating
rod 61 igng%éﬁg%%egpg}%h §?$#gﬁ%%€gg$t£%1§u%%%9f?%nggﬁgg??0%i is urged by

the el ast| er 9 so as to ressed ,agai nst, t he. upper, _bi as gnet 2a.
The pressm%é?grce isosnaepp n|C}e rtbgd}o eVlzourpaetrl rn(%ijgng;tjosstﬁcc %r}lclalvflr}g t he
upper bias nmagnet 2a. The flange part 61 and the elastic nmenber 9 prevent
the entire®ynottedeto vine afiRgr rdaIBet PR 5T Ppi hgvoat tbe ¥RBeEaBEa?h and
the prestress cap 7a. [0025] The case 7b is a container (or a body) which
15 accommalghes Zdhessupertoagoedostribéorilirathenuppepubi &sommagaet 2a, the
| ower bi as magnet 2b, the bobbin 3, the coil 4, the vibrating rod 6 and the

el astic neaber Ragssesbtedctdral puededer mmed wipvd i@t ed. 6 Thes prestress
cap 7ais fixed to the case 7a by a spring nechanism welding, caul king, 20

o2 T B8 LKE- o MU RESEESH Of 1 PP p ARSI o88 SARR I
by the elastic member 9 so as to be pressed against the upper
bias magnet 2a. The pressing force is applied to the super

10 magnetostrictor 1 via the upper bias magnet 2a. The flange
part 61 and the elastic member 9 prevent the entirety of the
vibrating rod 6 from slipping out of the case 7b and the
prestress cap 7a.

[0025] The case 7b is a container (or a body) which

15 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
to the case 7a by a spring mechanism, welding, caulking,

20 resin cure or the like. 1In the process of fixing the
prestress cap 7a to the case 7b, prestress is applied to the
super magnetostrictor via the elastic member 9. By applying
prestress to the super magnetostrictor 1, efficiency of
transducing between an electric signal and vibration is

25 improved. The prestress cap 7a and the case 7b are

preferably formed of a magnetic material so as not to leak
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super magnetostrictor via the elastic nmenber 9. By applying prestress to
the super magnetostrictor 1, efficiency of transducing between an electric
signal and vibration is 25 inproved. The prestress cap 7a and the case 7b
are preferably forned of a magnetic nmatderial so as not to | eak MZ10-70001
14 the internal magnetic field outside and to generate the magnetic field

inside effhei Btdynal ARZBleti@. £ Do BAONSGE & N@e SiMdICt &Ir §e@EratBeadphone as an
exanpl e of an electronic appliance provided with the 5 magnetostriction

apparatusm%grb s @ ¥ b @tion; generat of . &, headphone 100 is provided with a

mai n body a ‘magnetostriction apparatus 20 and a vi brating pad 28. The

mai n body includes..a ciqcuyit 29 for transmtti n l.ectric_ signal

i nput froml(gzé)fayer garlgt’he5 15%& %ou hSeI cf’et]i%guf(? éjp%% ghecaeC?R}bOQ%eascoai of the
magnet ostriction apparatus 20. The vibrating pad 28 is fitted to the

vi brati ng€¥IP 6 o7t t#He ©hagheeost rikk bineppararidedovahd EBfAducts the

vi bration conducted fromthe vibrating rod 6 to the skull bone in the

vi ci nidt y mdigndiecsiser¢siearapdheatser2¢ans recognrzeiohegdbevabeat i oh
conducted fromthe surface of the vibrating pad 28 as sound through bone

conduct i Oflea &n@IIO@.péopﬁévp@e@fwitmeah@@ﬂncp@@%011@n headphone 100 shown
in Fig. 5 and found that a wide tonal range frombass to treble is

Lfg;g??;%agﬁ{\éws@rféélforﬁi debityrubesyl 1A%, 1 9; SXLeLhENhaACoYSt i 20
main body 10 includes a circuit 29 for transmitting an
electric signal input from a player or the like outside the

10 appliance to the coil of the magnetostriction apparatus 20.
The vibrating pad 28 is fitted to the vibrating rod 6 of the
magnetostriction apparatus 20 and conducts the vibration
conducted from the vibrating rod 6 to the skull bone in the
vicinity of the user's ear. The user can recognize the

15 vibration conducted 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
with a high fidelity, resulting in excellent acoustic

20 property.

[0027] A magnetostriction apparatus capable of
generating vibration efficiently over a wide frequency range
was thus achieved. At the same time, we were also aware of
the need for further reduction in size and weight of the

25 magnetostriction apparatus as it is used in a headphone, a

hearing aid, a speaker of a cell phone, etc. In the case of
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[0027] A magnetostriction apparatus capable of generating vibration
efficiently over a wide frequency range was thus achieved. At the sane
time, we were also aware of the need for further reduction in size and

wei ght of the 25 nmagnetostriction appaldatus as it is used in a headphone, a
hearing aid, a speaker of a cell phone, etc. In the case of M10-70001 15

product s stsd@ss headphonease ash gt PHONES1 WhbigbnO¥eh Dehr owBOPHEARI LY tO

smal |l size and lightweight, it has been denonstrated in the market that a

S gt di {fieg ence, § 5120 o7 ek ol af {56t 51 e 53l £310L. bbenpr oduct

severely. are 5 aware that, even iIf a pro IS superior to a simlar,
prior product in jits characteristic a slight increase in size or weight
over the ?$%ﬁsEﬁ%%ﬁ§tl%ngh%é%%f?%gléh%ﬁf%c?gl%%%sﬁﬁgfgreﬁggi?adsfaepurchase
the product. This is partly denonstrated by the fact that_ headphones that
use 10 pi%%dé?wt%i%fg%w%e%h%r%a%%?nﬁctwi%@d%taa%ﬁé@lﬁf tHosEe wi th
magnet ostrictors, which is superior in performance. [0028] Since the super
magnetostavat®rtiat s efem iLydipdedeat shapepandor stdi spsanetlarn pheohei ght
direction, it is necessary to connect noving conponents and the height 15

of the supesdnegnet osts i EhoradrépisSertes.a FUridier, ihOroaderint 91 aPart
necessary vibration to a target object, the super nagnetostrictor 1 should

have a cefd i gﬁgptthéf ff&Prﬁroé‘ucf%ﬁrﬁ% Ltigel pPOBEdCEn reducing its

size in the direction. According e sl ze and wei ght of the case

b consumers' desired to purchase the product. This is partly

demonstrated by the fact that headphones that use
10 piezoelectric devices are commercialized in advance of those
with magnetostrictors, which is superior in performance.
[0028] Since the super magnetostrictor 1 is of a
cylindrical shape and is displaced in the height direction,
it is necessary to connect moving components and the height
15 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
constraint is imposed in reducing its size in the height
direction. Accordingly, the size and weight of the case 7b
20 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 mass in order to maintain the low-frequency
characteristic. We have arrived at a technology capable of
25 meeting these incompatible requirements through various
experiments, trials and errors.
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20 and the prestress cap 7a, which occupy a large portion of the total

wei ght of the magnetostriction apparatus 20, need to be reduced. However,
the case 7b should also have a certain inertial nmass in order to maintain
the | owfrequency characteristic. W R&ve arrived at a technol ogy capabl e
of 25 neeting these inconpatible requirenments through various experinents,

trials anpo@zgprs. MELQr.7@GhckG HHRO2A]rddtthrb cshemwsndfrestsddictareorof a
magnet ostriction apparatus according to the enbodi nent. Unlike the

magnet ost g éfﬁh@@@é@f&&%ﬁtim‘% o & fnen %@gﬁﬁﬁtriction

apparatus 30 according to t iment 1s 5 provi a housing 8 in
pl ace of the resgresg.cap 7a__and tgg case 7b. %he ho?sing 8 is provided
with a scrpae%l%a?? UL TP T 57 BR° exanpr e df 1A thhnectt ng mechani smfitting
the magnetostriction apparatus 30 to the nmain body of the electronic

appl i ancIFGHPTH t hlel PRghRR 5 Fi et $ O appad Hr@ast © 10h80enkoPiBoNEedS That
is, the conponents of the magnetostriction apparatus 30 are accommodated in
t he housipypvBidefwreh beimgusinged to phecendh bloedypoést hesel egpr dai c

appl iance through the screw part 81. The housing 8 includes a yoke forned

of , for exedpties @asOf1bir angplhissiny @ dey groviRaDMI 2 d@mghetpLrci reuit
of a magnetic field generated by the bias nagnet 2, the coil 4 and the

gl ectricagy | epdscpa and, ob.ARfet9f agp&&rﬁa{e@tgﬁgr&ﬁé&ﬁaﬁisﬁdfiiﬁnei ffeMagnet
, the coil 4 and the electrical leads 5a and 5b constitute a

magnetostriction apparatus 30 to the main body of the
electronic appliance in which the magnetostriction apparatus

10 30 is provided. That is, the components of the
magnetostriction apparatus 30 are accommodated in the housing
8 before being fitted to the main body of the electronic
appliance through the screw part 81. The housing 8 includes
a yoke formed of, for example, a soft iron plate in order to

15 control 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 generating means. The yoke creates a closed

20 magnetic path within the housing 8 and prevents a magnetic
field from leaking outside.
[0030] Fig. 7 schematically shows the structure of an
electronic appliance provided with the magnetostriction
apparatus 30 shown in Fig. 6. A main body 40 of an

25 electronic appliance 50 is provided with a screw part 41,

which is an example of a connecting mechanism for attaching
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magnetic field generating neans. The yoke creates a closed 20 magnetic path
within the housing 8 and prevents a nmagnetic field fromleaking outside.
[0030] Fig. 7 schematically shows the structure of an electronic appliance
provi ded with the magnetostriction appdratus 30 shown in Fig. 6. A nmain
body 40 of an 25 electronic appliance 50 is provided with a screw part 41,
whi ch i s e exagms o of r Bccoomegdpdga s hami sByf eicradwiachitlge e, 70001 17
t he magnetostriction apparatus 30. By screwing the screw part 81 of the

nmagnet ostygd £t i PN SPPaLAtis é%ké%%&l&%ﬁéﬁrééﬁafﬁ%&s4§00£n&h€hQaEBIQQdy 40
toget her,” the magnetostriction apparatus 30 is fitted to the main body 40.

The connect j.ng C i npec h g oSt rlct] a ratus 30 to
he mai n BoHy b By el A Ledt i po ot FEaUraS oh et PR REERRLRR Sna ot
t he housing 80 facing the_pmin body 40 is, open. V%en t he magnetostriction
appar at usPBRPT3 Y5 11 Q ¢ of t heCHatr @ thodja o, Pede fbwerl i £CMRRME"2b cones

into direct contact 10 with the main body 40. A projection 42 is provided in
a poSitikechinigie may nchorscdotivgi rdorehest Ftoleontpeararud 30heol ower

bi as nmagnet 2b. By tightening the screw, the super magnetostrictor 1 is
pressed byhé heapt dpedyi oh ¥y weéddihe, tonekibiasreadgnetuzd, oapphyi DPke.
predeterm ned prestress to the 15 super nagnetostrictor 1. The el ectrical

| eads 5a fnd Shqase +LONMSES £yt Qo af&&{ﬁgl!&é%ngint]@@d?ﬂh@ bedy,4Q so that
an electrical signal supplied fromthe Circuit 49 is transmtted
When the magnetostriction apparatus 30 is fitted to the main
body 40, the lower bias magnet 2b comes into direct contact
10 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
lower bias magnet 2b, applying predetermined prestress to the
15 super magnetostrictor 1. The electrical leads 5a and 5b are
connected to a circuit 49 of the main body 40 so that an
electrical signal supplied from the circuit 49 is transmitted
to the coil 4.
[0031] In the magnetostriction apparatus 20 shown in Fig.
20 4, the case 7b is assigned the function of supporting the
fixed end of the super magnetostrictor 1. In the
magnetostriction apparatus 30 shown in Figs. 6 and 7, the
main body 40 of the electronic appliance 50, which includes,
for example, a circuit to provide an electric signal to the
25 magnetostriction apparatus 30, is assigned that function.

That is, the housing 8 is provided to accommodate components

Mz10-70001



to the coil 4. [0031] In the magnetostriction apparatus 20 shown in Fig. 20
4, the case 7b is assigned the function of supporting the fixed end of the
super magnetostrictor 1. In the magnetostriction apparatus 30 shown in
Figs. 6 and 7, the main body 40 of thé8el ectronic appliance 50, which
includes, for exanple, a circuit to provide an electric signal to the 25

nagnet ostgi el | &N BRPas At gndSosssi gned thatndussiion, tHBapihs, the
housing 8 is provided to accommobdate conmponents M10-70001 18 such as the

Super ”gqgﬁ%?éé r4 c1.0f ’éhetgfa§‘ﬁieé rﬁemﬁé‘? i asq {@gﬁ@{_gsé_{‘ﬂ%é?etﬁ astic

menber I's not assigned t unction of supporting t i xed end of

t he super netostrictor 1. or the function of _applyin restress to 5 the
super rragﬂé?n%%t% CCEJ{)rSLiPp%?an%ﬁ}h?n Jf’é%éteﬁ%d nebd 1% Sbg?)gi de a member with
a large inertial mass in the magnetostriction apparatus 30 and allows the
prest r esSRFAPCLIDFr BPPPYi hgPprielde r 8sRCE bO1 hef sapety agnerestFeesokol to be
omtted. Consequently, this reduces the size and wei ght of 10 the

magnetbost thet $are appag e uss 80i anoly Ul t iMhatselel,imdnates tdlectaahito appl | ance
50 as a whole. [0032] A related-art approach requires a nmagnetostriction

appar at uzpﬁévﬁd@r@rméft@itwéh;@rg@sm@ﬂ@ia@_r@é%tms’éhéap being built in
and building the 15 nagnetostriction apparatus in, for exanple, an

el ectronig.  appliance: ;LR SOPLEaSLs $He.RRIDELOSLTLSL] OP.8PPALAt Ug,30 Of

for applying prestress to the super magnetostrictor 1 to be
omitted. Consequently, this reduces the size and weight of
10 the magnetostriction apparatus 30 and, ultimately, of the
electronic appliance 50 as a whole.
[0032] A related-art approach requires a
magnetostriction apparatus as a prerequisite, with a case and
a prestress cap being built in and building the
15 magnetostriction apparatus in, for example, an electronic
appliance. 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.
Accordingly, electronic appliances using the magnetostriction
20 apparatus 30 can be designed flexibly. |
[0033] Insomuch as the related-art magnetostriction
apparatus 90 shown in Fig. 1 requires a mechanism to apply
prestress to the magnetostrictor 91, it can be said that
designers have been unwittingly caught by the preconceived
25 idea that the mechanism shall be inherently provided in the
magnetostriction apparatus 90. The mechanism for supporting
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t he enbodi nent can be fitted to any main body 40 so long as the main body
40 has sufficient mass and hardness. Accordingly, electronic appliances
using the magnetostriction 20 apparatus 30 can be designed flexibly. [0033]
| nsonuch as the related-art nagnetostrilétion apparatus 90 shown in Fig. 1
requires a mechanismto apply prestress to the magnetostrictor 91, it can

be said thaé foesd ghed Sohayige begpe tmh dhé f@dyr Latight 1 byot Beppresengesved 25
i dea that the nechanismshall be inherently provided in the

t trj i i i - 1 19
fﬁg”?ideéﬁééééﬁb@ppérﬁﬁé@ ﬁ%a%%$§gfffﬁa@ﬁé2&%§ﬁe§&§99££t98n QgﬁngQQQ

t he super I ctor suppress its ratron is

al so necessary in the magnetostriction appar.atus 20, sho in Fi.g. 4. The
nechani sn??gss%?‘fﬂlijcfédFWt hih tHe “}%33*}%} St i tHoh apparat rQot.}gef:ai lure to
be free fromthis 5 concept has resulted in failure to reduce the sjize and
wei ght  OfgHRE ddghiet ke | 2RPdF2 Bppat 4t udes logrear® B dickhasron égtiesent ed a
fundanental factor inhibiting wi de acceptance of nagnetostrictors, which
far surpassnpiezosiecteseldedi cesfaihuperfornedees 10 6034] aid wavehthanged
the way of thinking and have arrived at an idea of letting the main body 40

of the ebecthion&gaPpdbsancer bont fpppesatices oo@pphy Poeshaerssto the super
magnet ostrictor 1 and suppress vibration at the fixed end of the super

magnet ost gl f@éeéteahssf@ﬁ@%ﬂ@ﬁ@airfgét8§ 1on 051 £ DEy P eGONGELYEH L dga that

t he magnet ostriction apparat us

of magnetostrictors, which far surpass piezoelectric devices
in performance.

10 [0034] We have changed the way of thinking and have
arrived at an idea of letting the main body 40 of the
electronic appliance 50 to operate to apply prestress to the
super magnetostrictor 1 and suppress vibration at the fixed
end of the super magnetostrictor 1. This approach frees us

15 of the preconceived idea that the magnetostriction apparatus
30 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
approcach also permits omitting some of the members for

20 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
and weight is established. It will therefore be appreciated

25 that the present invention overcomes challenges that
prohibited commercial use of magnetostrictors, which are

Mz10-70001



30 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 approach also permts omtting sone of
t he menbers for 20 sandwi ching the sup&€P nmagnetostrictor 1 from above and
bel ow and applying prestress thereto, which successfully resulted in

reduct i onsugeded ghtn Jitd SadBansSs € Nad, aardd aee 0ddehes weena R nt enance of
frequency characteristic and reduction in size and weight is established.

e will ther @rheoxgﬁlx apprect At et ¢ 25.4 Nt qd e oL Eﬁ‘éeié‘f’egég%mmgé{?rco”es

chal | enges that pr bited commercial use of nmagnetostricto Ich are
MZ10- 70001 20 superior in characteristics, and represents a nmgjor

br eakt hr oUgH'Y HAFHET 1935t €S W de accept ance of equi pment using a
magnetostrictor. [0035] As described below, an inertial mass 13.8 tines 5
or |argerl993m t he nd\d F§ SRR HoRYd B prdvitded d2thel 3 48 Xeldeshd in
order to suppress vibration at the fixed end of the super nagnetostrictor
and efofi coentdggeonduen the nobiag ieeigit tdieodilkede epdovitisddet Foe this
pur pose, the main body 40 should have mass approximately 13.8 tinmes or 10

| arger --fDfed psred ei@ldyde2led i SWSpPEss aF PSFat Dén ABr€ndr ef geabbya 6P tines
or larger -- than the total nmass of the super magnetostrictor 1, the bias

e ST e LT 8 S e B ADDy o a1 ona
vibration at the fixed end outside. For this purpose, the
main body 40 should have mass approximately 13.8 times or

10 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
vibrated by the vibrating rod 6 (e.g., a vibrating pad for

15 fitting the headphone close to the ear of the user) is
provided, the mass of such a part shall be included in the
mass of the vibrating rod 6. The mass of constituent members
that can be regarded as being mechanically integral with the
main body 40 may be included in the mass of the main body 40.

20 [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
magnetostrictor 1. The housing 8 is preferably made of a

25 magnetic material. In case the magnetostriction apparatus 30

is used in a headphone or the like, however, the housing 8
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15 fitting the headphone close to the ear of the user) is provided, the
mass of such a part shall be included in the mass of the vibrating rod 6.
The mass of constituent nmenbers that can be regarded as bei ng nechanically
integral with the nain body 40 may beZilncluded in the nmass of the main body
40. 20 [0036] The menber (in the exanple of Fig. 7, the projection 42) in

the main RFYN4O Méthowhéghot he ﬁé%ﬂ§ty&ema@érlQE %éé&gsénéhéoﬂﬁénbﬁﬁe
contact desirably has sufficient ardness to suppress vibration at the

fixed endfgél&h@eﬁgpgﬁednygngggsgglg%ggnge TW%'%%E%rgéé%'St§%eﬁéﬁégﬁgkgade

of a 25 magneti mat er i al I n"casé the magnetostriction apparatus
used in a.head hon éhe ik howev

not be fof nBd o tPE ﬂaf%?F5|m%ﬁ%%higeFaguﬁﬁbgéglélg%gggggg ng}atggy

is not so |ntense In this case, the housing 8 may be fornmed of a |ight
material {803%hi eve IHight eigiWs YHoFAL G igres %%MQ%@@W%C@W@ of a

headphone as an 5 exanple of the electronic appliance 50 provided with the
magnetsost exanpba appahat ase80rshownappl Fagce 650 ApherdphdneitB00hies provi ded
with the magnetostriction apparatus 30 of an open type shown in Fig. 6

i nstead ohaghetsvgnetosdbhi eppORatappan atiswr0iff ragcl esedn tiypeapioys ded in
t he headphone 100 10 shown in Fig. 5. Ve built a prototype of the headphone

200 conoatol i Bee By hopndADon, gt de.Lonel pogegy hegs anderlaghle
t hat exce"eﬂtt$§8“§£éwn in Fig. 6 instead of the magnetostriction
apparatus 20 of a closed type provided in the headphone 100
10 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
headphone 100 shown in Fig. 5 and that excellent acoustic
property is achieved.
15 [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
magnetostriction apparatus 30 of an open type shown in Fig. 6.
20 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 audio perception by the same person being tested
wearing the headphones. Since it is difficult to numerically
25 determine the frequency characteristic of sound perceived by

humans through bone conduction, a difference in frequency
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property is achieved. 15 [0038] W built prototypes of the headphone 100 of
Fig. 5, which is equipped with the nagnetostriction apparatus 20 of a

cl osed cylinder type showmn in Fig. 4, and of the headphone 200 of Fig. 8,
which is equipped with the magnetostri2gtion apparatus 30 of an open type
shown in Fig. 6. 20 The ratio between the noving mass and the inertial mass
suppor ti nghd hectd xesk endi § Sclexareaesly | Hud b apébdepoidhebyf tRgUEBEYON
characteristic of sound output fromthe headphones, by rating audio

per cepti oge by tHhess@ge person being tested wearing the headphones. Since it
is difficult %o nunerically 25 determ ne the frequency characteristic of

ifficult ton | e fr . .
Fr eauency L OREID. 7500 2 e iite, PETy T e & o her cepti on by

the person being tested. [0039] An experinent using the magnetostriction
appar at us2PRR Bt aS cF Osel 2 ypeCsrduwhyPa Ehg R alYehbAst f afeBCBStRatefhe
prot ot ype nmagnetostriction apparatus 20, which has a novable part wei ghing
1.3 g¢,5 anthakrthal presstppe IMagngtostuppotidngapherdined2eéndwhndhahtet al mass
of 22.2 g, is superior to the related-art bone-conducti on headphone using,

for exanphevaldl i gzoel eeighengevigey, That ihsrtisl wassdOcdenmnst gat ed t hat
the inventive apparatus is capable of outputting sound of a w der frequency

range. Thisppd PEin§XPRE T FBRESBRUEEn 4Nt (P11 neELT 8 pRSS gupperting the

superior to the related-art bone-conduction headphone using,
for example, a piezoelectric device. That is, it was

10 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.
If we include in the moving mass the mass of the vibrating

15 pad for conducting vibration of the super magnetostrictor 1
of the magnetostriction apparatus 20 to the head of a person
being tested, the inertial mass is preferably about 3.4 or
larger than the moving mass. In the prototype headphone 100
equipped with the magnetostriction apparatus 20, the inertial

20 mass of the fixed end, including the mass of the main body,
is about 90 g, which is about 69 times (9 times, if the
vibrating pad is included) larger than the moving mass. This
demonstrates that the headphone 100 has a characteristic
superior to the bone-conduction headphone according to the

25 related art.

[0040] Meanwhile, replacing the prestress cap 7a and the
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end is preferably 13.8 tines or larger than the noving mass. |If we include
in the noving mass the mass of the vibrating 15 pad for conducting vibration
of the super magnetostrictor 1 of the magnetostriction apparatus 20 to the
head of a person being tested, the iné&3ial nass is preferably about 3.4 or
| arger than the noving nmass. In the prototype headphone 100 equipped with

the magnet9striwsth n:dopRbas Usg 20, rébel1t8erihathdOmagsstobthetfibxed end,
i ncluding the mass of the main body, is about 90 g, which is about 69 tines

(9 times, _J Vi orati i 5,,.Ac ):Larger khap. Lhg nass.

Thi s den%%é?%%?%% % a?ft%% ﬁggﬁpﬁ%gg %%gﬁﬁaéhafgﬁérgc?é%?ggpgngguperior to
t he bone-conducti on. headphone, accaording to the 5 related art. [0040]
NbanmhiIe?l?gg?ai?nbgtﬁegpr IFE§§jE%5%¥§5éﬁgli?éioﬁqﬁfb-70001 23 case 7b by
the housing 8 resulted in the magnetostriction apparatus 30 of an open type
shown i n FagneBoser §ht hgnasrraratne A9 19.82¢2 @i neEkethasanss dheprot ot ype
magnet ostriction apparatus 20 is 22.2 g, the nass of the 5 magnetostriction

appar &t usmagneedsicetdct poal apséraah. ikt redquckdomwn &imosthbaétperItrens
al ready nentioned that an excellent frequency characteristic is obtained by

provi di ngxabwhherohi xed éﬁﬁeﬁﬂméﬂﬁrhl@éaﬁ?sﬁeﬁgignéBUEQaQrahaégéélienﬁr,
nore preferably, 69 tinmes or larger -- than the noving mass. This 10 shows

}Qaﬁe;nfrggégggﬁg%eéﬁﬁgQ%gggiQ§;§229988§55£8&i89 pPBRARALYS 480thg attached
fixed end an inertial mass 13.8 times or larger -- or, more
preferably, 69 times or larger -- than the moving mass. This

10 shows that the main body to which the magnetostriction
apparatus 30 is attached is required to have the mass. 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
greater. We built a prototype of the headphone 200 in which

15 the magnetostriction apparatus 30 that weighs 12.8 g is
attached to the body 40 that Qeighs 27 g (21 times as heavy
as the moving mass) and confirmed that the headphone achieves
an excellent acoustic characteristic. The headphone 200 is
significantly lighter than the headphone 100, while offering

20 excellent acoustic property as the headphcone 100. The
housing 8 of the prototype is formed of a metal. If the coil
is contained in a yoke formed of Permalloy or the like to
create a closed magnetic path, the housing 8 may be formed of
a light material such as resin. This can further reduce the

25 mass of the magnetostriction apparatus 30 and, ultimately,

the mass of the apparatus like a headphone as a whole.
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the novi ng mass of the prototype magnetostriction apparatus 30 is 1.3 g,
the mass of the main body nay be 17.9 g or greater. W built a prototype of
the headphone 200 in which 15 the nagnetostriction apparatus 30 that weighs
12.8 g is attached to the body 40 that4weighs 27 g (21 tines as heavy as

t he novi ng mass) and confirnmed that the headphone achi eves an excell ent
acoustic ptedEBrt eri strie;. FheHwadphene QR duxre IIfgRiHd calddtyrdright er t han

t he headphone 100, while offering 20 excellent acoustic property as the

headphone, J00; 5 Jhe 5@Q¥§é@ﬂd§n@f the P&Pi&%y&ﬁ b8 {RéngﬂbeélﬁeﬂgtalThéf the
coil 1is contained in a yoke f orned of Permall oy or the ke to create a

cl osed nqgneﬁétogath % e Q u5| gu$h585%§§W£o{ ht Hgterlal such

9%% r
as resin. IS can dUCG hass™ of e nagne OS rrction

apparatus 30 an uItlnateI% t he HBSf of the a Pparatus | i ke a headphone as
a whol e. pR@ﬁBd?%dﬂﬁtQ4a 9 EET Bt 3te ol Shbs2 $REL 587 ukP uF BeoFOPRENENEEL 1 oni C
appl i ance 50 according to a variation of the enbodi nent. The

magnetoost ¢f cthemappatasusiGoighoswppranatig. 3@ skownriheFigpradvi ddtewith a
bottomplate 11 in addition to the conmponents 5 of the magnetostriction

appar at usb8otshophat® Figmay.bdheorbetit om pl pietd luiray betkopredrof a plate
with waterproof finish for preventing drops of water frominvading the

”BgnetOStflﬁléﬁnféPp%f§$§§t§Qg0&ré§§ BRI PabOHY £ A0 1ﬁbaeiﬂattxgly, t he
bottom plate 11 may f or med a 10 nmagnetic material to prevent | eakage

of nagnEtﬁggé thE?cEPgn apparatus 30 or the main body 40.

Alternatively, the bottom plate 11 may be formed of a

10 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
of an open type. However, the bottom 11 need not have an

15 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
suppress vibration may be in the main body 40 of the

20 electronic appliance 50.
[0042] In this case, too, 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
the moving mass. The mass of the bottom plate 11 may be

25 included in the mass of the main body 40. If there is some

member provided between the main body 40 and the super
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mai n body 40. Since the magnetostriction apparatus 30 of this variation is
provided with the bottomplate 11 facing the nain body 40, the apparatus is
of a closed type instead of an open type. However, the bottom 11 need not
have an 15 inertial nass necessary to Suwppress vibration at the fixed end
of the super magnetostrictor 1. The bottomplate 11 is not provided to

suppress widiato o attdhel fixegiendi oh thecnsupstrsmopesest1ict ehel. The
inertial nass necessary to suppress vibration may be in the main body 40 of

the 20 el gctronic, 'tmagsgrfrg ”%[}994%]1cindé@'§nc@§§’ma 9, ogh@hmglﬁody 40

shall have the wei s or arger -- or pre era 21 tinmes or

The mass 597 he bot oa?‘hrab KoL) B 38T udd 1T (G et he. i n

body 40. If there is sonme nenber prOV|ded bet ween the naln body 40 and the
super MZARTOOBAIRSCOFREhet @5t FiRe oPraVidedddi thonuf biEhenbolesm phdte 11,
the nmass of that nenber may be included in the mass of the main body 40.
What i>s elssemténs ic shpprehe Vikedteon af the fsupérendgnafiostrilcior 1 be
provided with sufficient mass and 5 hardness to suppress vibration at the

fixed endyiy¥ahidhi St tNEbsabéoNMmOGnehescHPEt o FBYNEEOSEFi B BALLYI S _
efficiently conducted outside. Also, the magnetostriction apparatus 30 is

al | owed toogxhibLy olss pxge! LML, | rOALSRMNSNAAGKErI S | fopd M L 3y A

partlcular ene it o e magnet ostric

is allowed to exhibit its excellent frequency characteristic
in this way. A particular benefit of the magnetostriction

10 apparatus 30 used in the headphone 200 is that sound quality
is improved.
[0043] The description of the invention given above is
based upon the embodiment. The embodiment is illustrative in
nature and various variations in constituting elements and

15 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
provided in the magnetostriction apparatus 30. Alternatively,

20 multiple super magnetostrictors may be provided so long as
the main body 40 has enough inertial mass. The size of the
super magnetostrictor 1 is as desired.
[0045] An electronic appliance using the
magnetostriction apparatus 30 as a vibration generator was

25 described in the embodiment. Alternatively, the
magnetostriction apparatus 30 may be used as a vibration
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10 apparatus 30 used in the headphone 200 is that sound quality is

i nproved. [0043] The description of the invention given above is based upon
t he enbodi nent. The enbodinent is illustrative in nature and various
variations in constituting el ements an@%l5 processes involved are possible.
Those skilled in the art would readily appreciate that such variations are
al so w t hil¢tted¢ther scape fid e g ,esaid dimertiran. rddD04]ad ncHder embodiment ,
one super magnetostrictor 1 is provided in the magnetostriction apparatus

30. AlterpatiyehyotiRd @P&fé@i@nSyﬁﬁli@@gﬁﬁéﬂséﬁ{§£@éStHﬁVthsﬁ gyi ded so
| ong as the main body 40 has enough inertial mass. The size of the super

magnet ost 1 | IS desired. [0045 ectraon c i ance i t he
magnet ostrﬁ%l%%?%%g%%p%?g{ ug' 3&% ges C[ao l\% b4]r aﬁhocﬁélgog]n%raggt ot acpm?[alésé% Lejnz(lérl ed in
t he enbodi nent . Alternativel%, t he magnetostriction aPparatus 30 may be used
as a vi br 52T Pt RELHRT 00D 261 OYet RAPOPNCHHC t APRTREERI LB heCvPbr A8Pfng rod 6

has the function of conducting vibration applied fromoutside to the super
magnetbost sipevrmagngheseovi¢tarf Yneni apsondanmceerethi hgensahsation detecting
variation in magnetic characteristic of the 5 super nmagnetostrictor 1 in
accordanceppd t&dt heowi buaticda, appthedfdéremoussi deectnithe togmadf an
electrical signal. 1In this case, too, the housing 8 is provided with a
screw patt 8difupgsdonipg, agnha HQ@@Eﬁ&'@gi§E§P§viQédCQBB§CE'Bgréhe

part 81 functioning as a connecting means for connecting the

apparatus to the main body 40. The hardness and mass of main

10 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 frequency range can be accurately detected. By

eliminating the need to provide the magnetostriction

15 apparatus 30 with a prestress cap or enough inertial mass,

the size and weight of the apparatus can be reduced.
INDUSTRIAL USABILITY
20 [0046] The present invention is applicable to an

electronic appliance for generating or detecting vibration by

using a magnetostrictor.
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apparatus to the main body 40. The hardness and nmass of main 10 body 40 is
sufficient to suppress vibration at the end of the nain body 40 as the
super magnetostrictor 1 is vibrated due to the vibration applied from
outside. Wth this, vibration over a W&i/de frequency range can be accurately
detected. By elimnating the need to provide the magnetostriction 15
apparatus 30 with a prestress cap or cgpawgh inertial mass, the size and

wei ght of the apparatus can be reduced. | NDUSTRI AL USABILITY 20 [0046] The
present invention is applicable to an electronic appliance for generating
or detecting vibration by using a nmagnetostrictor. M10-70001 27 CLAI M5 1.

A magnetostrictjon apparatus conprising:_ a magnetostrictor which expands and
contracts in 5ll 'agpbdfaggéh%eo%rtﬁc i) ?%aiftfgl%ﬁm%rﬂjgrﬁ%ti c field

generating nmeans which generates the magnetic field; and a housing which
hol ds t he magnet dstF12E 0Tt At @ heVh halyrtrands ard gerret B2 FhHy HRans at
predeterm ned positions, 10 wherein the housing is connected to an external
menberS soathatdamceredeh ea nhagdepiessueddi s applied to the nagnetostrictor
by the external member and the housing. 15 2. The magnetostriction
appar atus accorgingyiértd af e ld generating means which generates the
magnetic field; and
a housing which holds the magnetostrictor and the
magnetic field generating means at predetermined positions,
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
controls 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 menber includes a circuit which supplies a signal for
generating the magnetic field to the magnetic field generating neans. 20 3.
The magnetostriction apparatus according to claiml or claim2, wherein the
housi ng i ncludes a yoke which control £8% magnetic circuit of t he magneti c
field generated by the magnetic field generating neans. 25 4. A

magnet ostri cti o nepdd tad $iSr COtPr | Sthdgha dMEDr 7 0O r 28t e A1 gBYBEd OSkhiehor the
magneti c characteristic of which varies in accordance with variation applied

from out sidej s det egt i D4 IRADS, WO Cha BEL £ELS gﬁﬁl@éa%rbﬂ bhesqmgnetic
characteristic in the forn1an electrlcal signal: 5 a housing which holds the

megnet ostri ct ory And. { e, el eetyng reans. al o predetergined posipions.  wherein
the housing is connec T an ‘ex erna? n% % a prede?%rnlned

pressure is applied to the magnet ostri ct or _ the external menber and t he
housi ng. 20252CHREL AyRetBstPEct PR %Bp%%%?ﬁ%l%%%o?agﬂﬁ fo claim4, wherein
the external nmenber includes a circuit which acquires the electrical signa
from tthe det ectd mpweans. whscls,. hdhes naymatagtetest vhchppagadushaccording to
any one

detecting means at predetermined positions, 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.
10
5. The magnetostriction apparatus according to claim 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
of claims 1 through 5, not comprising a structure which
supports an end of the magnetostrictor opposite 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 claims 1 or 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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of claims 1 through 5, not conprising a structure which supports an end of
the magnetostrictor opposite to an end supported by the housing and applies
a predeterm ned pressure to the magnetostrictor. 20 7. The nagnetostriction
apparatus according to any one of clai2 1 or claim®6, wherein the housing
i ncludes a yoke for creating a closed magnetic path within the housing. 25

8. The magnet ostyd cid qn GpPAiAlHSuLCer o LA Meroof rebaigr 1 through
7, wherein MZ10-70001 29 the face of " the housing ere the magnetostriction

appar at us, s connect ed o Lhe.gxierpal nember.is open, ando.the .-
nagnetostr?%?lon apb%ra?u% i s°Conhected t 6"t ha~ BX{'&rnal °neRber ?ugh t hat
the end of the magnetostrictor 5 facing the external nenber, or a
constituting mererMIFRRT AR 1T eheRRgFRE w3t +F cFORNESE fAckot RBSext er nal
menber cones into contact wth the external nmenber. 9. The magnetostriction
appar at useateondl ngembe anguohethd® bhectndinsf 1tharvaghe8ostuither conpri si ng
a vibrating unit which conducts vibration at an end of the magnetostrictor
opposid e tgcangendefagt8gnbhemexbernabrnenbenst oulisidg mbRbemrBgRekagkH Ction
apparatus. M10- 70001

in the magnetostrictor to face the external member comes into

contact with the external member.

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

magnetostriction apparatus.
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