23 March .2004 1 VI BRATI ON GENERATI NG DEVI CE OF SMALL W RELESS MACHI NE ND
QE ‘“THE TNVENTI O [ Technical Field of the Invention] The present invention.
relates to a vibration generating device used for a call oS MaEch 2084 of a
smal |l wireless machine, for exanple, a portable or nobile tel ephone.

[Prior Art] In recent years, as a kind of a small w reless machi ne, such .

as a paging systemsnall wireless calling machine, a PHS, or a portable,
nobi | e tel ephone, a nmachine of a type having a built-in vibration
generating device nmade by eccentrically coupling a vibrator of high
specific g‘Eavit metal to a rotatiﬁ&: shaft of a notor beconmes popul ar.
Accor di ng RA%I%IFNE%?EF%S%E‘E | O - PRARTR: NBIRELESS ¥AGRINGVI ng such a
built-in wvibration generating device, instead of generation of a ringing
tone, a vibration is generated by the rotation of the vibrator so that it
i's possible to confirm receptlon W|thout bei ng: known to another person
even in, for exanple, BACKEROY { , CpOOKNt i onal |y, "the vibration
generating device of this k| nd of smal | wirel ess rrachl ne i s constructed
such that a préchhbeal oFfelldi afothenvnveytiodni cal shape is integrally
coupled with a rotating shaft of a small notor connected to a signal

generating cifRdigrefedienveRithion r&l £66s s Hebr28i M Iddhed®Ming

device used for a call or the like of a small wireless machine,
for example, a portable or mobile telephone.

[Frior Art]

In recent years, as a kind of a small wireless maching,
such as a paging system small wireless calling machine, ‘a PHS,
or a portable, mobile telephone, a machine of a type having
a built-in vibration generating device made by ecqentrically
coupling a vibrator of high specific gravity metal to a rotating

shaft of a motor becomes popular. According to the small

wireless calling machine or the like having such a built-in ~

vibration generating device, instead of generation of a ringing

| tone, a"vibration is generated by the rotation of the vibratoxr
so that it is possiiale tc; confirm reception without being known

' to another person even in, for example, a crowd or a meeting.
Conventionally, the vibration generating device of this

kind of small :wireless machine is constructed such that a
vibrator formed into a non-cylindrical shape.is integrally

coupled with a rotating shaft of a small motor connected to -,

a signal generating circuit of the small wireless machine.



2 This vibrator is made of a high-specific gravity netal nol ded by a
powder netallurgical nmethod, a cylindrical boss portion is inte I ly
formed at an eccentric load portion of a substantially fan23thgs tion,
a rotating shaft is inserted into an attachnent hole fornmed in the boss
portion, and the boss portion is pl %stically def ormed by caul king, so that
the boss portion and the rotating shaft are made close to each other and
it isintegrally coupled to the rotating shaft. According to the

convent ithdal vibbatbdt ais gader afi adq:igteepeeilfikegtiivity meicel tod.dedor at or
itself is caulked and is directly coupled to the rotating shaft, as
conpar egy’ \Aat;I?bw@ét@tut@:rammrﬁniailomkheae ancyhi sdir fcal Waedo pork idnxed to a
rotating shaft through an adhesive or. other coupling parts, there is a

nerit. thatijteerones roemsiblf: t anr edemtiiie: NUSREr poftikar teéf However, in
t he above conventional vibration generating device, since the attachnent

hol e muglhReahe A8y Fad ehdpd d8ct 8bn! *hersxhtﬁzﬁglsqﬁdfmﬁnwﬂﬂém of the

vibrator, there has been a probl emthat’ when the”vi brator 1s nol ded_by

press!”g %opQ‘AUEE Eﬁ}ﬁ’eﬂﬁtﬂﬁi@! fothed Sifl {ﬁé%% ;ﬁ)ﬁﬂbldnt%cf%r raw

mat eri a espeC|a y I'n a shaping die porfion o oss portion having a

o bR PRSI R ep S i o
years. %n s%téc%@jt.orp %%dbt een rn%aglng shaft are made close to each other
and it is integrally coupled to the rotating shaft.

According to the conventional vibration generating
device like this, since the vibrator itself is caulked and is
directly coupled to the rotating shaft, as compared with

~another conventional one in which a vibrator is fixed to a

rotating shaft through an adhesive or other coupiing parts,
there is a merit that it becomes possible to reduce the number
of parts. |

However, in the above conventional vibration generating
device, since the attachment hole must be formed in the inside
of the cylindrical boss portion of the vibrator, there has been
a problem that when the ;ribrator is molded by pressing a powder
raw material, it is difficult to f£ill the powder raw material
especially in a shaping die portion of the boss portion having
a thin outer periphery, and the yield of the vibrator is

. lowered.

Besides, for the purpose of satisfying a demand for

miniaturization in recent years, an attempt has been made to



23 March 2004 3 formthe vibrator itself to be small. However, since the
boss portion around the attachnent hole becones very thin, there has been
al so another problemthat when caul king is made by a |argeZ2Bdareh 2804r ack
is likely to be generated, and on the other hand, if the caulking force is
| ow, a desired pull-out strength can not be obtained, wth the result that
the adjustnent of the caul king forcg becones difficult. Then, as another
conventional vibration generating device, there has been a proposal that

as showgoirhy Fh&vitrand ikbe1fldo  SMAPYE RRSWdwY AshAcehikd baslsot ating
shaft 3 is fitted is forned at the center portion of an eccentric |oad

porti Ongo%tq.t) aa¥blha!l Phelat8hdAm¥AL! ﬁ?@ﬁ?"@é&ﬂnﬁi i gqgfih} sigeredoe 7

portions of the groove 4 are I ntegral or e ing from the
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vi bration generating device described above, there are nerits that nol ding

i s easi GLTePGER (FH vPRGEatkR PRERGBPHg tHiFbokRepdiaswhit i Rhaki ke he

attachment hole' is fornmed, so that nmanufacture yield can be
adjustment of the caulking force becomes difficult.

Then, as another convention_al vibration generating
device, there has beén a proposal that as shown in FIG. 10 and
FIG. 11, a groove portion 4 in which a rotating shaft 3 is fitted
is formed at the center portion of an eccentric load portion
2 of a vibrator 1, side walls 5 which become both side edge
portions of the groove 4 are integrally formed by bulging from
the eccentric load portion 2 along the groove portion 4. The
center portions of tip portions of the sidewalls 5 in the axial
line direction ai:e caulkedvfrom an openipg_ side of the groove
portion 4 to a bottom side by a caulking pugch 7 in which its
tip end is shaped into an R shape (or i‘ound shape) or a
rectangular parallelep\iped shape, so that it is iﬁtegrally
coupled to the rotating shaft 3.

Accordihg to the c_:onventioﬁal _vibratit_:n- generating
device described above, there are mexrits that molding is easier

- than the wibrator including the boss portion .in which the
‘attachment hole is formed, so that manufacture yield can be

improved, and even in the case where the vibrator 1. itself



i nproved, and even in the case where the vibrator 1. itself 23 March 2004 4
becones small, as conpared with the case where the thin portion such as
the outer periphery of the boss portion is caul ked, there #38Mareh2Q04 ear
that a crack is generated. However, in the conventional vibration
generating device shown in FIGS. 10 and 11, when the tip portion end . .
surfaces of the side walls 5 are caulgked, the whole width dinensions from
the sides of the groove 4 to the sides of outer peripheries 6 are crushed
and, théeeomes, smahl gliscaohpaned iWdtdethe casequherd thdobbipmordiimee the
rigidity of the portions of the side walls 5 at the side of the groove 4

i s hi gh su@hoaghthiheutetrapenfipibaft o8, thddrogs aedrtcictefior retdlked,s made,
bulging is miinly caused toward the sides of the outer peripheries 6

whi ch begeie fikeq ietde fead 2hat hesthik tikeyenkaatedgen a problem that a
hi gh pull -out strength can not be obtained. Besides, as a result the high

caul ki ng forcgoyeveequi {£d.thheRoalentlioRBl ¥ PbiAEI6RS Ychd g en content
is made to obtain a desired vibration even in the case where the vibrator

L1S MR lshdh SRR, 1§ JRGOTE? BhEh! llt;f}ei RifRdlon S hat there

has al so been a. prob a crac t e "gener at In the

| ked si | 1 . h ' | h
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© t ¢ unesnsti%nps grogei:he sides of the groove 4 to the sides of outer

- peripheries 6 are crushed and, j:herefore, a high caqlking force
is required. However, since the rigidity of the portions of
the side walls 5 at the side of the groove 4 is high through
the rotating shaft 3, when plastic deformation is made, bulging
is mainly caused toward the sides of the outer peripheries 6
which become free ends, and as a result, there has been a problen
that a high pull-out strength can not be obtained. Besides,
as a result the high caulking force is required, when an attempt
to increase a tungsten content is made to obtain a desired
yibration even in the case where the vibrator 1 is made small
in diameter, it becomes brittle in material, so that there has

also been a problem that a' crack is likely to be generated in

the caulked side walls 5.

SUMMARY OF THE INVENTION
The present invention has been made in view of the above,
and a principal object of the present invention is to provide

an improvement in a vibration generating device for a small



an inprovenent in a vibration generating device for a small 23 March 2004 5
w rel ess machi ne. Anot her object of the present invention is to provide a
vibration generating device of a small wrel ess machi ne i n23Maieh 2004

manuf acture of a vibrator is easy, the vibrator can be coupled to a
rotating shaft of a notor at a high péjll-out strength even by a | ow

caul king force, and the whol e device tan be further mniaturized. According
to one aspect of the invention, there is provided a vibration generating
devi ce f(avr. ! sl h wi rel ess machi ne, conprising: a notor shaft; and a

vi br at or ér&%B?f’E%" '5':e' an eccentric |load portion; and first and second side
wal | s, with aAgoihevebjetiedf degirassm jnvertianid itmprofidera diaration gereeatingi ¢ | oad
portion, the f#' r st Fi deI wal | rk‘lavinﬁh.a‘ﬂ'fi rs{ﬁ @}{Jrftace I%?rt.i on opposite the
eccent ri 811638 PR BICERT TREMAG N ¥ICh D3aPiECTS 81 BP9 PaI™ of the

gr oove anibratbrecansdecanglesitda roitihg bizafi ofg moteoe abanHigh puft-ackestieogth evenopposi t e
the eccentri,c | X L Q t endi ng. | di.recti.on.of the |length of the
gr oove, {E &é’ I§‘|NrC gﬁ%gag‘gré‘l’éfc%rqdﬁés(mﬁ?%cde;gmﬁg?é fﬁ%ﬁ%ﬁlﬁg&ﬁ%&gpzeg “first |level at

t he edges of the groove; wherein first and second caul ked portions are

provi ded ,i_n id firs cond rface.partions, & ctivel. I ndent ed
bel ow saft\gc?r?&gt 9 (Jfar{?eilgs aegglgfg-nse 'tmﬁ%mf?ﬁt E‘hoeg?([) Brottvﬁgggar 8%’633‘851 ng%héﬂdi ng into
sai d gr oadedpe gaiacsnialingitelesswhdahihep oomprisingloes not extend across the entire

B ot b ufbes B BACE R} gl Sooonc, FauLked portion does o
shaft i s nountedceerttid lvad abdiograrave, entirely below said first |evel;

first and second side walls, with a groove therebetween, extending from said
eccentric load portion, the first side wall having a first surface portion opposite the
eccentric load portion extending in the direction of the length of the groove and the
second side wall having a second surface portion opposite the eccentric load portion
extending in the direction of the length of the groove, the first and second surface
portions being at a first level at the edges of the groove; wherein

first and second caulked portions are provided in said first and second
surface portions, respectively, indented below said first level towards the bottom of
the groove and extending into said groove;

said first caulked portion does not extend across the entire width of the first
surface portion;

said second caulked portion does not extend across the entire width of the
second surface portion;

said motor shaft is mounted within said groove, entirely below said first level;
and

said caulked portions result from deforming portions of said first and second
surface portions into said groove such that said motor shaft is maintained in said
groove by said caulked portions, whereby said motor shaft is integrally coupled to

said eccentric load portion.

According to another aspect of the invention, there is provided a vibration generating
device for a smalt wireless machine, comprising:
a motor shaft; and a vibrator comprising:

an eccentric load portion; and



and said caul ked portions result fromdeform ng portions of said first and
second surface portions into said groove such that said notor shaft is
mai ntai ned in said groove by said caul ked portions, whereby3¥areh 204
shaft is integrally coupled to said eccentric |oad portion. According to
anot her aspect of the invention, ther6e is provided a vibration generating
device for a small w reless nmachi ne, conprising: a notor shaft; and a

vi brator conprising: an eccentric load portion; and 23 March 2004 6 first

and second side.walls i th a groave therebhet n, extending from,said
cocentr oot ondreuany it ik e, SR a r0GLE ek et PGB diat S84 hor i on
opposi t e ecbantriceload portion, theafirspside iveatl fexingnalifing surfaceh pordion eppowite the t he

| engt h of -gragqve and the. second. si.de | 1 . hayi a secand rface
bor 1 on ST eR e BB eldPing I8 ABHER sl e B AR SRR on o
t he | engshcawid ditrewglt bawreg a wheorel surface portiandppedierite eacdritddlopd ipbitions ar e

provi ded oo, 536, [ Lo, R8cRAGY I WS GE8LQRLIGNS, Tespect i vely,

extendi ng into¥sal d groove; sal ed portion does not extend
across the enfirsteand dedondf cdutiedf pordions swe fracwdgabiirt isaid;, fishiahdssemmnd caul ked

portion gﬁﬁécevnﬁo(twﬁég?eggﬁgﬁlragsgxt&#}ﬁrgemd §a‘?q ﬁ%’%g of the second surface

portion; bove ween i'rst and second surface
portions is fsexhfirsiCcaulkeddodiont duesdicheeteed awfossHbe rentirer widthadft the Sisstd not or
shaf t issm%&t&oq\igﬂ,thi n said groove and at | east a portion of the groove
surrounds the 'notor shaft for at |east 180 of the shaft; and

said second caulked portion does not extend across the entire width of the

second surface portion;

the width of the groove between the first and second surface portions is from
70 - 95% of the diameter of the motor shaft;

said motor shaft is mounted within said groove and at least a portion of the
groove surrounds the motor shaft for at least 180° of the shaft; and

said caulked portions result from deforming portions of said first and second
surface portions towards the bottom of the groove such that said motor shaft is
maintained in said groove by said caulked portions, whereby said motor shaft is
integrally coupled to said eccentric load portion.



sai d caul ked portions result fromdeformng portions of said first and -
second surface portions towards the bottom of the groove such that said
motor shaft is maintained in said groove by said caul ked péfMasets20Gther eby
said notor shaft is integrally coupled to said eccentric |oad portion. 23
March 2004 In the vibration generating device of the small wreless

machine as recited in any one of the first to fifth aspects of the
invention, the rotating shaft of the notor is fitted in the groove
portion, and in the tip portion end surfaces or the flat surfaces of the
side walls formng both the side edge portions of this groove portion, the
portion except the outer -peripheral side portion and at the side of the
groove is caulked to the bottom side of the groove portion, so that as
conmpared Wi t lrrl BReGAIBEIE i gbnkirAtahigole BEAE IGH tRE RVICRiFeqwasi N FI G
10 and FIG 11, it becones possible to couple the vibrator to the rotating
shaft bynaHiowerasCHddsitRa il oy offe LF thel Prstl b6 @4leh aggbeﬁgr al
portion of the side wall which i's not caulked, functions as wal | portion

agai nst dherl asliet i, ONR kORakdnNenadY! kedeRY hbRBy 30deicaagequently,

the .-greater part of the caul ked portion i.s bulged to the groove side .

Then, thg &Qrakaavgﬁp#iﬁa, fd e q pt Ehtehei%fgc?f%{n]c%l %ﬁﬁfst&,ﬁ_fef{g%utsgé e points

of the bottom portio e groove portio si de
115 T 1R o BRI 23R B0 e OO 440 90V o0
portions of this grodve portioh, the portion except the outer
peripheral side portion and at the side of the groove is cau]:ked
to the bottom side of the groove portion, so that as compared
with the conventienal vibration generating device shown in FIG.
10 and FIG. 11, it becomes possible to couple the vibrator to
the rotating shaft by a ..lower caulking force. At this time,
the outer peripheral };;ortion of the side wall which is not
caulked, functions és a wall portion against the plastic
deformation in .the caulked portion, and .consequently, the
- greater part of the caulked portion is bulged to the éroove
side. Then, the-vibrator is firmly fixed té the rc;tating_shaft

by three points of the bottom portion of the groove portion,

and both thebulged side walls. Thus, accerding to the vibration



of the vibration generating device is easy, and further, it 1is possible to
couple the vibrator to the rotating shaft of the notor at a high pull-out
strength even by a lower caulking force. Fromthe above, aéedamell4o the
vi bration generating device of the present invention (as recited in any
one of the first to fifth aspects) , since the vibrator can be firmy
fixed to the rotating shaft of the gotor by a | ower caul king force than
the prior.art, it is possible to realize the mniaturization and -

li ght enjj8QephtiRg FéPIcé BE Ol ghsert Nirdidit Al aheaaidohifgbtatieng of the
vi bration generaling device and the whole of the small w rel ess nmachine.

Besi desye e a {19541 {od ggfe&@ﬂﬂﬁkg AORLE AL oy JPdesiaiir et he

.generation of a crack the vibrator can be prevented, the productivity

o 1 VpHEab) B SEAETAGe UL PSPy the ARt gosel bl Lo

| mprove y realization of the "high specific

Trvent | BRC e Ao T FE1 g RERER b e By A R BB RIS T, o

t he axi?I |ine direction at the side of the groove where npbst portions are
bul ged tB8*%fie side of the rotating shaft becones larger that at the

peri pheral side which functions as,. the |1 pQrtion when the .caul ked
portion is plBSPRCERe ADANR orIRGPILING Héﬁvﬁ‘r?e %ﬁa&p&n @ﬁ?%@%éﬁlﬂpl ed to

the rotating 23 March 2004 9 ) ‘
device of the present invention (as recited in any one of the

-- first to fifth aspects), since ‘the vibfator can be firmly fixed
-to the rotating shaft 6f the motor by a lower caulking force
 than the prior art, it is possible to realize the
miniaturization and lightening of the vibrator, and the
miniaturization and lightening of the vibration generating
device and the whoie of the small wireless machine. Besides,
as a resglt the caulking load can be made small and the
.generation of a crack of the vibrator can be preﬁented, the
productivity of the vibration generating device is improved,
and it becomes possible to improve the vibration efficiency
by realization of the high specific gravity of the vibrator.
Here, especially\in the third aspect of the invention
described above, the length dimension of the caulked portion
in the axial line direction at the side of the groove where
most portions are bulged to the side of the rotating shaft
becomes larger that at the peripheral side which functions as
the wall portion when the caulked éortion is plastically

deformed, so that the vibrator can be coupled to the rotating



shaft of the notor at a high pull-out strength by a | ower caul king force.
In addition, it becones possible to. use the caul king punch which can be
easi.ly manufactured and has a circular shape in cross sect2dMarghdldhe use
life of the caul king punch can be greatly elongated. A fourth aspect of
the invention is based upon any one of the first to third aspects of the

i nvention described above. Nanely, Pn the tip portion end surface or the
flat surface of the side wall, when the portion except the outer :

peri phegghrrSbédether hbeBrakd af Hih JH@oVeowt d@tfén%\?ﬁ' kgdat a.okdeq bott om
side of the groove portion, in the width di nension of the tip portion

end sur t at L £romit-hes j
oor i phecafificth frde At HAUAGEIbROTLL BCoRAK PoSL IO A B o 1y

from t NaGd9enROphhel GhiERe Bl Uad iy AN aOLILANanAl BRI 5 L1MR, 11

e
t he case ere caul'king w on 1s sma it 1s sufficient if

the caulking_length di.nensjon. i Xi | | L ecti ' e large,
and on ?ﬁECEgﬁFr ﬁﬂﬁ?ei ! h"if%é;ssege g?%ﬁlt h%hgalﬁi% %é% %i‘ﬁgdlbge@%on S

| ar ge, eveg‘Lf t he caul kin Iengtg di nsiog an the axial line directi-on

i s sl FAuLkings PRRER 3R Peodreatly efigPRI25RYbe obtai ned. The range of
caulking is limted to the range of 0.25 Wto 0,9 Whbecause, if the range
is smaller ..A fourtly aspect WL Thepdpygrpéion; 5| Rased WPh 3N OR&uf fi ci ent
plastic. deformation anmount to firmy. fix the vibrator to the rotating-
shaft offtthe farst, takhisdidsperts afgehe dnenddes descypbedabmpyanr ch 2004

Namely, in the tip portion enq surface or the flat surface of
ﬁhe side wall, when the portion except tﬁe outer peripheral
side portion and at the groove side is caulked to the bottom
side of the groove portion, in the width dimension W of the
tip portion end surface or the flat surface from the groove
side ﬁo the outer peripheral side, it is preferable to caulk
the range of 0.25 W to 0.9 W from the edge portion of the side
of the groove portion. At this time, in the cése where the
caulking width dimension is small, it is sufficient if the
caulking length dimension in the axial line direction is made
1§rge,amiqnthecontrary,inthecasewherethecaulkingwidth
dimension is large, ev;n if the caulking length dimension in
the axial iine direction is smél;, a sufficienf pull-out
strength can be obtained. The range of caulking is limited
to the range of 0.25 Wto 0.9 W because, if the range is smaller
_.than 0.25W, it becomes difficult to obtain a sufficient plastic o
‘deformation amount to firmly fix the vibrator to the rotating

- shaft of thé motor, while if the range is exceeds 0.9 W, the --



10 foregoing function as the wall portion against the plastic deformation
of the caulked portion is decreased, and as a result, the outer per|4pheral
portion is also forcibly deformed outward and therefore th&3pareh 308
strength is | owered. Besides, the shapes of the side walls may be forned so
that the whole of the groove portion becones U shaped by erecting the side
walls fromboth the side edges. In this case, in the state where the
rotating shaft is fitted in the groo]vQ—: portion, the rotating shaft is

inter natbreg@mhgl fgfct iohha@sgthev@aper bbet ivnt Agaihbe theglefstdccent er
angl e of 1800 On the other hand, like the fifth aspect of the invention,

when taefefﬁawoﬁwﬂtﬂac%lm bPE P90 sl fed RN | AnAanea Te@hI12, - Size
that the range of the center angle of 180 or nore of the rotatlng shaft is

et “so thaCTRe P ?gh%&%}%&%ﬂot S R R T
becomes g 1he L3008 PheOph)-bRt0sERenBYnt B BhastLg. deformation of the
-

si de waff%a caul ng, I'S p055| € t0 fi € openi ng portion of

t he groove port| nor e effectlv nd tq fir fix . the vibrator, so that
115 preferafrel Pey o Brian e A B AT IR 8 i 5 | oo

Vi ew. shomﬁn% . caul king state accordin toa first enb dlnent of the

present tPAbe Whadigs 0B £hey reRy™ (RA O%e%?‘?%‘ﬁ%? Vrahageda brator 23

March 2004 .
erecting ‘the side walls from both the side edges. In this case,

in the state where the rotating shaft is fitted in the groove
portieon, the rotating shaft is-ihternally contained in fhe
-groove portion ﬁrithin the range of a center angle of 180° .
Oh the other hand, like the fifth aspect of the invention, when
the groove portion of the vibrator is formed to have such a
.éi-ze that the range of the center angle of 180° or more of the
rotating shaft is internally contained, and the opening width
W, of the groove portion is set so that the ratio (W,/D) to the
diameter D of the rotating shaft becomes in the range of 0.70
to 0.95, by the plastic defotmatioh of the side wall after
caulking, it is possible to fill the opening portion of the

groo_\}e portion more effectively and to firmly fix the vibrator,

so that it is preferable.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a front view showing a caulking state according
to a fir-'s_t‘ embodiment of the present invention. -

FIG. 2 is a longitudinal -sectional view of a vibrator



11 of FIG 1. FIG 3 is a perspective view showing the first enbodi ment- of

the present invention. FIG 4 is a front view show ng the shape of a
vibrator .according to a second enbodi ment of the present iAYMAGHH04 FlG
5is a front view showing a state where the vibrator of FIG 4 is caul ked.
FIG 6 is a front view show ng the shape of a vibrator according to a
third enbodi ment of the present invention. FIG 7 is a | ongi t udi nal
sectional view of the vibrator showlin FIG 6. FIG 8 is a perspective

vi ew sh *vifa a fourth enbodi nent of the present invention. FIG 9 is a
per spective VI ew showt ng a nodi fied exanple of the fourth enmbodinent. FIG
10 is a front ey show lor art

vi brati on gen %r%t S%e?figlgs e%é‘&@% sérgévgjéé@tgigt |J€€§/€f@¥él\i/jv8§%l“eﬁ£ t he
conventlgR% pr| or art,vi b’@ﬁtlon generati ng devi ce caul ked as shown in FIG
10. PRER FRE | NVENTI ON (First Enbodinment) FIGS. 1 to 3

shows a vi brator - 10, accordl to a first enbodi nent f th resent
i nvention. ThEIG: b} atHrd féor’%h?’&ﬁwﬁ;‘%?‘ﬁﬂ Bl £ qqape © ibrhtor

according to a second embodiment of the present invention.

FIG. 5 is a front view showing a state where the vibrator
~ of FIG. 4 is caulked. |

| FIG. 6 is a front view ehowing the shape of a vibrator
according to a third embodiment of the present invention.

FiG.‘T is a longitudinal sectional view of the vibrator
shown in FIG. 6.

FIG. 8 is a perspective view showing a fourth embodiment
of the present invention.

FIG. 9 is a perspective view showing a modified example
of the fourth embodiment.
| FIG. ld is a front view showing a caulking state in a
conventional prior art vibration generating device.

FIG. 11 is a perspective view showing the conventional

prior art vibration generating device caulked as shown in FIG.

10.

PREFERRED EMBODIMENTS OF THE INVENTION
(First Embodiment)
"FIGS. 1 to 3 shows a vibrator 10 according to a first

embodiment of the present invention. The vibrator 10, which



12 is made of a high-specific gravity netal nolded by a powder :
metal | urgi cal techni que, has a substantially fan-shaped cross section with
an axial line Oas the center, and the whole fan-shaped poe8iMaiched@¥htric
fromthe axial line O becones or serves as an eccentric |oad portion 11.
In the vibrator 10, -a groove portion 13 in which a rotating shaft 12 of a
motor is fitted and which has a botfom portion of a semcircle al nost
equal to.the dianeter of the rotating.shaft 12 is formed at the center

portion,qf oute ' é@i J%;?é{qlﬁ%icltﬁl td\%ni)” spggg ef the
eccentrilg ﬁ"%gﬁ %%réllgﬁsqu&? ur%%a(r:g, 51t wall's fi‘ a|c gu ge Fromthe
eccentric,load portiqn 11 in _parallel.with. e ot her d:p opposed
ci do cdBEtpoToFEREal drechnidys 868 4 SuPs T AT kYT Fa P SEORE, " he
si de edge ortigons of the grqave portion 13. In this ki of .vibrator 10,
gener al g??‘?iﬁ“a?’&t?‘a&iﬂu?‘dﬁ D it | ?o‘é‘amb%ﬂi%ﬂglggei whode ery smal |
as several nmm and consequently, it is I fficult_to di i}:téqr%lﬁel sh bet ween
vi br at of£3noPhappAPRRELQR Aocentdd o ARPmche AXtalyLAneQ 18 ks 16 of
vari ous shapes (circle in the draw ng). ‘indicati na:the Size of the :
vi br at | 8RTVEEnas AN REGRVTES 1eag POrsinBdlar bR Fhehd idrateded Oof t he
eccentric load portion 11. Then, in a tip portion end surface 1l4a of the
si de wahl grédaye podtian ideimewhigh porndt@ating aitafilotl? edd apsotosns in the
direction of the axial line 0, a portion 14c except an outer peripheral
si de poibkifhtt«d anfl whichihds adidttbh pantiian afhe semiizircle almost
‘equal to the diameter of the rotating shaft 12 is formed at
the center pdrtion of an outer peripheral arc which depicts
the fan shape of the eccentric load portion 11. Further, side
walls 14 which bulge from the ‘eccentric load portion 11 in
parallel with each other and become opposed side edge portions
of the groove 13 are integrally formed at both the side edge
portions of the groove portion 13. In this kind of vibrator
10, generally, an arc radius of the eccentric load portion 11
is as very small as several mm, and consequently, it is
. difficult todistinguish between vibrators of different sizes,
so that concave identification marks 16 of various shapes
{(circle in the drawing) indicating the size of the vibration
- generating device 10 are formed at both end surfaces of the
eccentfic load portiocn 11.
Then, in a tip portion end surface l4a of the side wall
14, and at the center portion except both end portions in the

 direction of the axial line 0, a portion l4c.except an outer

peripheral side portion 14b of the side wall 14 and at the side
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| epi ped caul king punch 15 from an opening side of the groo

ve 13 to

m si de, so that the above vibrator .0 is integrally é3Mardu2QQ4 .t he

g shaft 12. Here, in a width dinmension Wof the tip portio

1l4a fromthe side of the groove portion 13 to the outer p
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in the above range of wei ght % and_, one or nore kinds of Cu of 0.1

to 6 wetdptpogtian endieRrEace ila £508 the §afernt MhepsrRRYe FOIF1PN o 6

% and Co powder of 0.1 to 5 weight %is or are conpacted

into a

fan pl afld thdpge obgex peripherabfside,ofhenporbian tlde tathe adleds conpact

is lig

uid phase sintered in a hydrogen gas, stream of a. dew poin
at the side of the groove portion 13 is set in the range of

0.25 W to 0.9 W from the edge pprtion at the side of the groove
13.

Incidéntal].y, the rotating shaft 12 can be made of
stainless, for example, SUS 420 or the like. Besides, the
vibrator 10 is preferably molded by using an ultra heavy alloy
material of a specific gravity of about 17 to 19 g/cm3, for
example, W-Ni system, W-Ni-Fe system, W-Ni-Cu system, W-
Mo-Ni-Fe system, or the like and by a powder metallurgical
technique. Specifically, a mixture powder of a composition

made of : W powder of 89 to 98 weight %, and Ni powder of 1.0

t

to 11 weight %, or a mixture powder of a composition containing

~

the W powder and Ni powder in the above range of weight %, and
one_dr more kinds of Cu of 0.1 to 6 weight %, Fe powder of 0.1
to 6 weight %, Mo powder of 0.1 to 6 weight %, and Co powder

of 0.1 to 5 weight % is or are compacted into a fan plate shape

- by a pressure of 1 ton/cm2 to 4 ton/cm2, and this compact is

liquid phase sintered in a hydrogen gas stream of a dew point -

of 0°C to -6°C or an ammonia decomposition gas, and thereafter,



of OCto -6C or an ammoni a deconposition gas, and thereafter, 23 March 2004
14 it is further heated in the tenperature range of 700C to 1430C- 30C in
a vacuum neutral or reducing atnosphere, and then, a heat 28 Maggh2¢t4 of
rapidly cooling it to at |east 300C at a cooling rate of 40C mn or nore
Is perfornmed. In the conposition of the vibrator 10 like this, when the W
(tungsten) content exceeds 98 wei ghtl44 the specific gravity becones high
al though the malleability (or ductility) is lowered, and in the case where

a though t ! . ed, and in th A
It is géslas; gaﬁ:ﬁgﬁ"}féa@&td ﬁuge %ﬁgeks&{{kaepaxﬁﬁsfm gr auif4z¢egn not be

obt ai ned, econes di sadvantageous as t ki nd of vibrator.

e 00t AU thh YAE RS SpUELEL e Mt N L nBOBhERE  ARETHEALT oI O1

% a predet & m ned “speci'fi ¢ gravi can no arnef, the case

where it s |ess than 1.0 _weight.% sinterin e r -Further,

o though BRAtCRRSRPRORELOF EaB ey wrPblifh, L8\ F8 5k JoheE] 2658 2t nan 0. 1
wei ght % a sufficient gffe of the addition can not be obtained, and on
the ot h8r CRaA4NI EIER PF P Q&E’e‘éc&r T gt BFT yuate effect can not

be obtained and the manufacture pecones, uneconon cal,. when th Cu powder
and Fe pomderI’érEh%oﬁ?‘&P%ﬂ?l%W‘t?gu‘éheaV’sl?lFﬂ%c?]?(r)P;B (itlé(rﬁ)&hailﬁjr @’%(?éln be

| onered, a predeterm ned specific gravité can not be obtained i,n a range
over t h&hgbBvétupgeren) nFentignte eXREE8dPRg WedItke Bvi K& SBFYLAEr ati ng:

device of the small wreless machine having the above structure of
conposi gkamity becomes high although the malleability (or ductility)

is lowered, and in the case where it is less than 89 weight %,
a predetermined specific gravity éan not be obtained, and it
becomes disadvantageous as this kind of viﬁrator. Besides,
also in the case where the ¥ (nickel) content exceeds 11 weight &,
a predetermined specific gravity can not be obtained, and in
the case where it is less than 1.0 weight %, sintering does
not proceed. Further, although Co (cobalt) has the séme effect
as Ni, when it is less than 0.1 weight %, a sufficient effect
of the addition can not be obtained, and on the other hand,
"even if it exceeds 5 weight %, an adequate effect can not be
obtained and the manufacture becomes-uneconomical; ‘When the
Cu powder and Fe powde; are contained, although a sintering
temperature can be lowered, a predetermined specific g_ravify
can not be obtained in a range over the above upper limit value.
According to the vibration generating device of the small
-wireless machine ,héving the above structure of composition, .
the rotating shaft 12 of fhe motér is -fittedl in the groove 13,

and in the tip portion end surfaces l4a of t‘heAside walls 14 -



the rotating shaft 12 of the notor is fitted in the groove 13, and. in-the
tip portion end surfaces 14a of the side walls 14. 23 March_2004 15 form ng
both the side edge portions of the groove portion 13, excep?3@ﬁﬁc Q4

peri pheral side portion 14b, in the width dinmension Wfromthe side of the
groove 13 to the outer peripheral sl3le, the portion 14c in the range of
0.25 Wto 0.9 Wfromthe edge portion at the side of the groove 13 is

caul ked by the caul king punch 15 toward the bottom side of the groove 13,
so t hat fasmdsgpbeth. the shidehedgsnpert ionalol theagroavedgeditian dg «devi ce as
shown in FIGS. 10 and 11, it is possible to couple the vibrator to the

r ot at i ngxseptt thye auteweperdphlirad sfidecporttionhildb,i im tdieneddtbe out er
peri pheral portion 14b of the side wall, which is not caul ked, functions
as a wadimpostioan w afdisthéhe ideasif cthef groatieornnd ntd heheawuted porti on
1l4c, the greater part of the caul ked portion 14c is bulged to the side of

the gr Og‘égiﬁﬁera&dsﬁ@éiﬂm@@btr)ta‘.ohhm& | i aher rdfgeast dues wred Y .foi xed to
the rotating shaft 12 by three points of the bottom portion of the groove

13, andybpibmidife eaga St fsn ateths sildwss PROYRSvE 8 30fs a1y at or "10

Is easy, and the vibrator can be coupled to the rotating shaft of the notor

t hi.gh | L= . - ' f ' h
i brati B SancraPhuRe SRR 13 EBvRba AR Ko nl R RECChg AT 0%can b

Firmy Eb§GQK§OtBQE g§6%6ﬁ5ﬁred_with the conventional vibration

generating device as shown in FIGS. 10 and 11, it is possible
to couple the vibrator to the rotating shaft by a lower caulking
force.

At this time, since the ocuter peripheral portion 14b of
the side wall, which is not caulked, functions as a wall portion
against the plastic deformation in the caulked pdrtion l4c,
the greater part of the caulked portion l4c is bulged to the
side of the groove 13, and consequently, fhe vibrator 10 can
be firmly fixed to the rotating shaft 12 by three points of
the bottom portion of the groove 13, ‘and both the bulged side
walls. Thus, manufacture of the vibrator 10 is easy, and the
vibrator can be coupleé to the rotating shaft of the motor at
a high pull-out strength even by a low caulking force.

Accordiﬁg 'tolthe vibration generating device described
above, since the vibrator 10 can be firmly fixe_d to the rotating
shaft 12 by a lower caulking forcé than the prior art;

‘miniaturization and lightening-of the vibrator 10 itself, and

further, miniaturization and lightening of the vibration



shaft 12 by a | ower caul king force than the prior art, - mniaturization and
| i ghtening of the vibrator 10 itself, and further, mniaturization and

li ghtening of the vibration 23 March 2004 16 generating devfdMagEu2q04e
whol e of the small wireless machine can be realized. Besides, since the
caul king load is made snall and the generation of a crack in the vibrator
10, especially at the side wall 14 mn be prevented, it becones possible
to increase the productivity of the vibration generating device and to

i nprovegeheruitbnhat denichldmd emeywhbile BBk Heeshhlati DreDéss hadnigle specific
gravity of the vibrator 10. (Experinent] An experinent was made in which

the pU'Eaﬁ“beﬁ&%@ﬂ&%&d.OfBbgidéh?réﬁﬁbeighﬁié%ﬁl&ﬁnthO%ﬂtﬁkiﬂﬁﬂ%haft 12 by
the caul king according to the present invention was conpared with the

pul | -outnahiengid Ot BenEpatSB IAla vbRLaKOT L {haedihoatlle yiodrating

shaft 3 by .the conventional ing shown in 10*and 11. In t he
Conper! S3RCRNRTAL TEEL eyl Poys K MO Sech b Attt
oo o R "R B, | S B oy S ARG e
eccentric |oad portions 2,and 11, vas 3 mi the,length 1fdhe direction of
through realization of the high specific‘gravity of fhe
vibrator 10.
[Experiment}
An experiment was made in which the pull-out strength
of the vibrator 10 fixed to the rotating shaft 12 by the caulking
according to the present invention was compared with the
pull-out strength of the conventional vibrator 1 fixed to the
iotating shaft 3 by the conventional caulking shoﬁn in FIGS.-
‘10 and 11. In the comparison ekperiment, by using the
vibrators 1 and 10 and the rotating éhafts 3 and 12 respectively
‘having the same shape, five vibration generating‘devicés were
préduced in each group.
In the above vibr;tors 1 and 10 used for the experiment,A
the outer diameter of each of the eccentric load portions 2
and 11 was 3 mm, the length in the direction of the axial line
O was 5 mm, the inner diémeter of each of the grooves 4 and
13 was 0.4 mm, the height dimension of each of the side walls

5 and 14 from the bottoms of the grooves 4 and 13 was 1.1 mm,

the width dimension W of each of the side walls 5 and 14 was



p——

Owas 5 mm the inner dianeter of each of the grooves 4 and 13 was 0.4 - nm
t he hei ght dinension of each of the side walls 5 and 14- fromthe bottons
of the grooves 4 and 13 was 1.1 mm, the wi dth dinmensi on W23 Mareud®Dbof t he
side walls 5 and 14 was 23 March 2004 17 0.7 nm and the outer dianeter

di rensi on of each of the rotating shafts 3 and 12 was 0.8 mm Besides, in
the conventional vibration generating;device, the side wall 5 extending
over the whole width dinension was crushed in a length of 2.6 mmin the

axi al | iong ) aali e oy eirhel et dst AmpHBEbn b f Bachlvr thbatotarichg i n the
vi bration generating device of the present invention, by using the

caul ki ngpay¥reh 31504 th @49 dtB fimze of 1.4 mm the range (0.43 W of 0.3
nm of the respective side walls 14 fromthe side of the groove portion .13

was crushed iBeaiheagt hi pf thd EBhiBntR8nadXi iblaPfolll 'Reddr¥ting th _
respect to the five vibration generating devices in each group obtained in

| nvent | U arr oy S0G RS StEnd L RRR wHC I S AER RIS ¢ (e
convent oRar20EBedi 187 g8k e d ittt eRe axtaf A RIS BB o) Ve
devi ce B EhE FREUEHRS ARG on. Ot HEE SR Aallin R oS HEPR S hat the-
CaU|kin%e%%&%%qdé1éé¥3ce'of the present invention, by using the
caulking punch 15 with a width size of 1.4 mm, the range (0.43
W) of 0.3 mm of the respective side walls 14 from the side of
the groove portion 13 was crushed in a length of 2.0 mm in the
axial line direction.
With respect to the five-vibration generating devices
.in each group obtained in this way, a pull-oﬁt test of the
conventional vibrators 1 and the.inventive vibrators 10 was
carried out, and it was found that while the extracting forcé
(kgf) was 5.3, 4.9, 5.5, 5.5, 5.4 (average 5.3) in the
convéntional vibration generating device, the extracting
force (kgf) was 10.3, 11.0, 10.5, 10.3, 10.2 (average 10.5)
in the vibration gener;ting device of the present invention,
that is, in spite of the fact that the caulking length in the
axial ‘line direction was shorter by 0;6 T, the pull-out
strength almost twice the conventional pull-out strength was
obtained.

(Second Embodiment)

FIGS. 4 and 5 show a second embodiment of the présent-



axial line direction was shorter by 0.6 mm the pull-out strength al nost
tw ce the conventional pull-out strength was obtained. (Second Enbodi nent)
FIGS. 4 and '5 show a second enbodi nent of the present 23 MidMargipdp4 g
i nvention, and in this vibration generating device, a groove portion 22
having a bottom portion 22a of a substantially semcircular shape is
formed in an eccentric |oad portion X of a vibrator 20, and side walls 23
formng both side walls of this groove portion 22 are integrally formed so
as to coweentaonpxpodeich phrisi ohbohtionogenéenat shafde@icef aagrobye fitted

in the groove 22 with an interval fromboth sides in the direction of an-

axi al | ppet@onAg2anaesubt a Bk @ @ertiod ize @2 af substanhdaldy 20 is
formed to have such a size as to internally contain the range of a center

angl e 180m9kiPBLEar dhipe IPtrdrmed $hakh edecedtr DPETBAW pordiion\210f the
groove portion 22 between the opposite side walls 23 is set so that a

ratio (Y¢/ g%vi%g&gf%} 4nd Hfad KTy atd Horahiald petl side whhasr ange of

0.70 to 0. a specific exanple i n which such a range is obtained, in
1%, 5 URLE ol BEL T 4 TR Pheslfatob doabatalle il &, 0.5
or he ghORYRoBRA LR, £8n "SE S ord g A £ P o BiotRE Fleled 04
in the groove 22 with an interval from both sides in the
direction of an axial Vline 0. As a result, the groové portion
22 of the vibrator 20 is formed to have such a size as to
internally contain the range of a center angle 180° or more
of the rotétin.g shaft 24. An opening width W, of the groove
_portion 22 between the opposite side walls 23 is set so that
~a ratio (W,/D) to a diameter D of the rotating shaft 24 is in
the ranée of 0.70 to 0.95.
As a specific example in which such a range is obtained,
in the case where the diameter D (mm) of the rotating shaft
24 is 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 or 1.0, it is sufficient
if the opening width W, (mm) of the groove portion 22 between
the side walls 23 is sét to 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, or
0.9.
As shown in FIG. 3, in a tip portion end surface 23a of
the side wall 23, and at the center portion except both ends
“in the direction of the axial line 0, a portion 23c except an

outer peripheral side portion 23b of the side wall 23 and at

the side of the groove 22 'is caulked by -a TrTectangular



0.9. As showmn in FIG 5, in a tip portion end ' surface 23a of the side
wal | 23, and at the center portion except both ends in the direction of
the axial line 0, a portion 23c except an outer peripheral 2&Maechi4i on
23b of the side wall 23 and at the side of the groove 22 is caul ked by - a
rectangul ar 23 March 2004 19 paral | ghepi ped caul king punch 25 from an

openi ng side of the groove 22 to a bottom side, so that the above vibrator
20 is integrally coupled to the rotating shaft 24. At this ting,

si m | arpyradléhepipedtcanbiatigrgunch d5afwoutn dipamisiosideopt the tip
portion end surface 23a fromthe side of the groove portion 22 to the
outer pgroeHErze o de botthtenc stilkgdspothaonthe Abate wibrsite 80 ihe groove
22 is set so that it is in the range. of 0.25 Wto 0.9 Wfrom an edge

por ti onj gt efPg1 By deo@hled Nt GENO VL RA iy Sthd fit (e, ViRler ahiient@meer at i ng
devi ce having the above structure shown in FIGS. 4 and 5, the sane

functio f‘_\;ﬂ/ﬂﬂ?ﬁiire&é LI £ihese ebolifichi!, St n et tre rtinkds fom abbai ned, and

especi a he vibrator 20 of the second enbodi nent, the groove portion

22 of tPﬁﬁ"{Pgﬁ%%%%%?% | Snd W eehd e i HitR 8% k@e hobsyRally

gzntaig er _ a center angle of 1800 or nore of the'rotating shaft
ot o (BEFBFSROA i i opEPropebiBpRER PR PR A Ba R PO Mg of
0. 70 tozgéggt £he side of the groove 22 is set so that it is in the .
range of 0.25 W to 0.9 W from_an edge portion at the side of
the groove 22.
Also in the vibration generating device having the above
structure shown_in FIGS.. 4 and 5, the ééme function and effect
as those of the first embodim’ent can be obtained, and especially
in the vibrator 20 of the second embodiment, the groove portion
22 of the vibrator 20 is formed to have such a size as to
internally contain the range of a center angl'e.of 180° or moré
of the rotating shaft 24, and the opening width W, of the groove
portion 22 is set so that the ratio (W,/D) to the diameter D
of the rotating shaft 24 is in the range of 0.70 to 0.95, so
ﬁhat the vibrator 20 :i_sk firmly fixed to the rotating shaft 24
by three points of the bottom portion 22a of the groove portion
22, and bottom portions 23d of the side walls 23. As a result,
_ if is possible to f£ix the vibrator 20 to the rotating shaft
24 by a lower caulking force.

(Third Embodiment)

FIGS. 6 and 7 show a vibrator 30 of a third embodiment,



that the vibrator 20 is firmy fixed to the rotating shaft 24 by three:
points of the bottom portion 22a of the groove portion 22, and bottom
portions 23d of the side walls 23. As a result, it is possPBMare2¢qd the
vibrator 20 to the rotating shaft 24 by a |ower caul king force. (Third
Enbodi ment) FIGS., 6 and 7 show a v'bgrator 30 of a third enbodi mrent, 23
March 20Q4 20 and in this vibrator©30, the whole of an eccentric |oad
portion 31 is forned into a shape of a truncated fan-shaped cross section
i n whi cinch ioeritts vidbraitor, 30 pdilcavbdl ey fadoteeentyie lopd peet temwi ng, of a
fan shape with a center angle of less than 180 is renoved. By this, flat
sur f aces] 30s aferhed neftet at lshapeotodt iortmantaredi tn-afhaped viboss or 30, and
a U-shaped groove portion 33 in, which the rotating shaft is fitted is

for med gdctidie i¢eRheEnoh ddtiter pakrtionti onaiddtedyn a douted bige walls 34
form ng both side edge portions of the groove portion 33 are forned at

both sigdesnef qthir$ng! ¥ a Poh idiibe3ditAnd cemteut 8hgleesf peesathanr face 34a
of the side wall 3471s formed into a slant flat surface shape which is

conti nug Wl RaRyaH. o1 87 pipt] 395,318, 86cL0 8 SEEeLped gRdopgr o0 31

and | ed tg} rc-sha er “peri'pheral” surface I'mlarly to the
(L1t SRS IR oy DEaLl 38 I 267 ) SHalSRURAGRA PoBPE ) on enc
porti On;?o:!‘i?icgr?%B in which the rbtating shaft is fitted is formed at A

the center of this flat portiqns 32. BAs a result, side walls

.34 forming both side edge portions of the groove portion 33

are formed at both sides of this groove portion 33, and an outer

peripheral sﬁrface 34a of the side wall 34 is formed into a

slant flat surface shape which 1is continubus with an outside

surface 31la of this eccentric load portion 31 and leads to an

arc-shaped outer peripheral surface 31b.

Similarly to the first embodiment, in the flat surface

32 whichl becomes a tip portion end surface of the side wall

34, and at the center portion except both end portions in the

axial line direction, a portion of the side wall 34, except

a portion at the side o;‘. the outer peripheral surface 34a, at

the side of the groove portion 33 is caulked by a rectangular

parallelépiped caulking punch from the opening side of the

groove portion 33 to the bottom side, so that the above vibrator

30 is integrally coupled to the rotating shaft. Also in this

vibrator 30, in the width dimension W of the flat surface 32 ..

‘from the side of the groove portion 33 to the outer peripheral- . .. ... -



axial line direction, a portion of the side wall-34, except a portion at
the side of the outer peripheral surface 34a, at the side of the groove
portion 33 is caul ked by a rectangul ar parallel epi ped caul RPMgr from
t he opening side of the groove portion 33 to the bottom side, so that the
above vibrator 30 is integrally coupled to the rotating shaft . Also in
this vibrator. 30, in the width di®dnsion Wof the flat surface 32 from
the side of. the groove portion 3 3 to the outer peripheral . 23 March 2004

21 si deidd heeavhkesdtegopbirefont at thesisdeeob £t bRe gfmmnee 33 iis set  so t hat
it isin the range of 0.25 Wto 0.9 Wfromthe edge portion at the side of

the grogyad A SG iih e Waigd iomh cgenenationg .dewi eeomedReokdgbe above
structure of the third enbodi ment of the invention, the sane function and

ef f ect I@énthm% hay® émé%fﬁﬁétgmij\?ﬂt can be obtained, and

further, the whole of the vibrator 30 is formed into the shape having the

center engl e led S 090100 BNl o Hevseaieds s shavgd, o

section in whic porti e center portion.
Ther el Qe A4S o B AKGRLANGANLaE Ayl SbaRey Lo (orT NG,
Gocent HURFCm SOCCREFPEF 39 ShoeResRovaHT Shentr ot roncRliguleiah 2
des T e obtained, ‘Ana Fuzenas, Phéuiele of ERE T Ih TS 505 formea
into the shape having the center angle of less than 180° and
having the truncated fun-shaped cross section in which the flat
- portion 32 is formed at the center portion. Therefore, there
are such advantages that a metal mold shape for forming the
vibrator 30 by powder molding is simplified, and manufacture
becomes easy. Further, since the center of gravity can be set
at a position decentered (or eccentric) from the rotating shaft
to the outside, a desired vibration can also be obtained.

(Fourth Embodiment)

FIGS. 8 and 9 show a vibrator 40 according to a fburth
embodiment of the invention and its modified example,
respectively. The vil;rator 40 has 'substantially the same
shape as that shown in the first embodiment, and the entire
of a fan-shaped portion eccentric from its axial line is an
ecc_:eni:ric load portion 41. In the vibrator 40, a semicircular

- groove portion 43 in.which a rotating shaft 42 of a motor is

fitted and which has a bottom portion with a size substantially . .

‘egua‘l-'td a diameter of the rotating shaft 42 is formed.at the -



FIGS. 8-and 9 show a vibrator 40 according to a fourth enbodinment of the
I nvention and its nodified exanple, respectively. The vibrator 40 has
substantially the sane shape as that shown in the first enB3Mai@nh?004and
the entire of a fan-shaped portion eccentric fromits axial line is an
eccentric load portion 41. In the vibrator 40, a semcircular groove
portion. 43 in which a rotating shaf4® 42 of a nmotor is fitted and which
has a bottom portion with a size substantially.' equal to a dianeter '"of-
t he roteénter Spaftid of droromrentpdhipheddh Mamh Wiivh Hepdendsekhportion of
an outer peripheral arc which depicts the fan shape of the eccentric | oad

portionfdd. sGhpe el tRe4dccbulgiibg tbadmpoie ieecant.r i sideadapest kan 41 in
parallel with each other and becom ng both side edge portions of the

groove ndPgPhg FRORUWRS | dcdSitRic alodDidbist tish eﬂgqxpgfatﬂaqu%loﬁqirthe gr oove

portion 43> Then, in a tip portion end surface 44a of the side wall 44,

and at they, GAHEr RY HbBBMERGERLtR Y e AR EbERESns o ANthérabykl Ne
seomEbg

direction, a portion he side wall 44"except an outer peripheral

side pogti 44 t Lde .of 0 3. | K a :
cyIindr%%agpgaﬁﬁﬁgﬁgag%xcggﬁééﬁr82\bggﬁosgﬁ%né% %HSO%FS?ﬁg g%ogég 43 to a
bottom side, so tga% t?g above vibrator 40 is coupled to the rotating
shaft 437OPEPePOTLEOn #dsy1t of caul king by the cylindrical caul king punch

45, the concave caul ked,portion ' '
_ ’.I?hen, ain aetd:l Opct_)lr 1tsan4é'r(1:d fsourrr?adceat44tahgft the ¥4 é%@nlﬁ.ﬂd

44, and at the center portion_ except both énd portions in an
axial line direction, a portion 44c of the side wall 44 except
an outer peripheral side portion 44b and at the side of the
groove 43 is caulked by a cylindrical caulking pl_mch 45 from
an opening side of the groove 43 to a bottom side, so that the
above vibrator 40 is coupled to the rotating shaft 42. Here,
as a result of caulking by the cylindrical caulking punch 45,
the concave caulked portions 44c formed at the tip portion end
"surfaces 44a respectively become substantially semi-circular,
and are formed so that a length dimension L in the axial line
direction at the side of the groove portion 43 becomes larger
than a length dimensi§£ at the outer peripheral side.
Besides, in a vibrator 40 shown in FIG. 9, at the center
- portion of a tip portion end surface 44a, a portion 44c' of
a side wéll 44 except an outer peripheral side portion 44b and
at the side of a groove. 43. is caulked by a caulking punch 46
in a state where'a corner portion of the caul'king pun-ch 46 having
a’'square section is 'p‘ositioned at the outer peripheral side,

(.

-



surfaces 44a respectively becone substantially sem-circular, and are .
formed so that a length dinension L in the axial line direction at the
side of the groove portion 43 becones |arger than a | ength @8 Mansh Zi04at the
outer peripheral side. Besides, in a vibrator 40 showmmn in FIG 9, at the
center portion of a tip portion end,gurface 44a, a portion 44c' of a side
wal | 44 except an outer peripheral side portion 44b and at the side of a
groove.. 4.3.. is caulked by.. a caul king punch 46 in a state where a

corner porihpP & iheneayrkiing BHApNeAOLHaYi RFaimgUsHSft SIECti gy IS
positioned at the outer peripheral side, 23 March 2004 23 so that it is

| ntegr atxﬁsc ?Ci:;hgr ﬁgaégvé 543*%%&‘9%&?&6}1 AP Bbraddd By dd1ennsayencaul ked

portion y ca t he caul king punch 46 1s forned into
a triangul ar e ' . A t ' e 43. As a
resul ¢ Chie i BHER%e 3o bHRRL D B koS Rr Erdal nabifls 1 G
8 and FI t he, same_function_an e ose shown in the first and
second %ﬁﬁ%ﬁ?%n?%é%r%tou]?%i P %ﬂdﬁ%r%ﬁ%‘?‘?‘gt%ﬁ;'l engt h di mensi ons of the
caul ked portions 44c _and 44c’' .are fqrned: so that the dinensi%n at the-side
of the grooVASA3rgRRlts REGOLHMGTS B9aPgRe ‘f%”f%‘él%l?ggngfat 9% ot ati ng
shaft- 42 becones |arger than that _at the outer peripheral i%e functioni ng
as a waflevpeesishewnih Bk 8ankBiCpa FBﬁsS%%fu&ﬁ’&l&’&‘can‘ife T6C&stical ly

defornmed, so that the total- volune to be plastically deforned becones
smal |, asdhese ghowpulin-the first and second embodiments are obtained,

- and further, the length dimensions of the caulked portions 44c
and 44c' are formed so that the dimension at the side of the
groove 43 wheremost parts are bulged to the side of the rotating
shaft 42 becomes larger than that at the outer peripheral sidg
funétioning as a wall portion when the caulked portions a4c
and 44c’ are plastically deformed, so that the total volume
to be plastically déformed becomes small, and a high pull-
out strengtfl can be obtained by a further low caulkiné force.
In addition, it is possible to use the caulking punch 45 which
is easily manufactured and has the cir_:culaf section, and it
is also possible td greatly enlarge the use 1life of the caulking
punches 45 and 46.

With respect to the- vibrators 10, 20, 30 and 40 in the
first to fourth embodiments of the invention, although the
description has been made only on the case where the ecc-entric
load portions 11, 21, 31, and 41 h;slving the substantially

fan-shaped section or truncated fan-shape section are formed,

‘the inventioni is not limited to this, but it is possible to



out strength can be obtained by a further |ow caul king force. in addition,
it is possible to use the caul king punch 45 which is easily nmanufactured
and has the circular section, and it is also possible to g%@Mﬂl’@h &ar ge
the use life of the caul king punches 45 and 46. Wth respect to the
vibrators 10, 20, 30 and 40 in the zfirst to fourth enmbodinents of the

I nvention, although the description has been made only on the case where
the eccentric |load portions 11, 21, 31, and 41 having the substantially

f an- shapss st icathear nﬂdﬂfaaideatfrantshapelaeéudon%ﬁgcentﬁéé logade
invention is not limted to.this-, but it is possible to 23 March 2004 24
use sonpoliieis Nodi fiaed osilsr m:ttapﬁ, i fot uéxagpdegerd r sgbbbadtpaliyons of
various shapes, for exanple, a substantially sem-circular section or the
li ke. Beshfes:r@l 5o Wddr iGsRectti® 1ie groove portions 13, 22, 33, and 43,
the bottomportions are not limted to the sem -circular shape,, but they

can ‘be for medyd i fu/ari Qs wikar tdedprlictshapehe grobvasparsibasansial |y
square section or® a substantially trapezoid section. [Effect of the

'“V.ent'g;‘]t ; dgs [4?9% W6t Cﬁéﬁtf@néoafgenﬁtbi%hﬁéd genehat i ng

?e¥{ﬁe e’ spa A ess e as recited in any one of first to
| as ects.o e | | C e f dt
the rotSeEn hgc%%?iar(‘)f Ql’t St!l{]%e A8 by ¥R CARedevhiiBlLy fixed to

sectional shapes, such as a substantially square section or
a substantially trapezoid seqtion.
[Effect of the Invention]
‘As described above, according to the vibration
generating device of the small wireless machine as recited in
any one of first to fifth aspects of fhe invention, since the
vibrator can be firmly fixed to the rotating shaft of the motor
by a lower caulking force than the pfior art, miniaturization
and lightening of the vibrator, and miniaturization and
lightening of the vibration generating dévice and the entire
of the small wireless machine can be realized, and a caulking
load can_be made small and the generation of a crack of the
vibrator can be prevent:ad, and consequently, the productivity
of the vibration generating device can be improved, and it
beéomes possible to improve the vibration efficiency by
' realization of the high specific gravity of the vibrator.
Here, especially according to the invention as recited
Vin the third asﬁeét of the invention, the vibrator with a high

'pull-out'strength ¢an be coupled to the rotating shaft of the- -~ - -



by a | ower caul king force than the prior art, mniaturization and

| i ghtening of the vibrator, and mniaturization and |ightening of the

vi bration generating device and the entire of the small w 2éMaseh 28hi ne
can be realized, and a caulking |oad can be made small and the generation
of a crack of the vibrator can be prevented, and consequently, the
productivity of the vibration generating device can be inproved, and it
becomes possible to inprove the vibration efficiency by realization of the
hi gh spmoitbircbyrafiuryhet tdvecauBkingr foxee e anskfucthery HebGCOMRF to t he
invention as recited in the third aspect of the invention, the vibrator'

w th a pogbiplkltousediheecgthking phmaioupiel isoeasbly ceanifiagtaixsid of t he
23 March 2004 25 notor by a further |ow caul king force, and further, it
becones anfosss e térvatarheecidk) rgidouheisdildife ofedse lcpubkinigact ur ed
and has -the circular section, and the use life of the caul king punch can

be greabhhcgl@agab@dgr8g§1§e§10ggggédLng to the invention as recited in the
fifth. .aspect of the- invention, the groove portion of the vibrator is

formed to havgegyaBs? §-&6rdtngOrd 'tRE NAMVntEIH A rddid@NGf tie t he
center angle of 180 or nore of "the rotating shaft, and the opening wi dth

W of tt_th@ ) L Ls:set { i D th
qiageter _gg%ﬁﬁec%gra Fﬁgélgﬁgﬁhﬁﬁéﬁfn%ieéqﬁgﬁgggo_3%#€%ﬁ¥%%0%3%? soethat
1S POSRLAS: 19 ARS8 N 88bn'L Y-8 LS ko IHLALRG 1 N rRRGN N0

the range of the center angle of 180° or more of the rotating
shaft, and the opening width W, of the above groove portion
is set so that the ratio (W,/D) to the diameter D of the rotating
shaft is in the range of 0.70 to 0.95, so that it is possible
to obtain an effect that after caulking, the opening portion
of the groove portion is further effectively filled by the
plastic deformation of the side wall and the vibrator can be

firmly fixed.



of the groove portion is further effectively filled by the plastic
deformation of the side wall and the vibrator can be firmy fixed. 23
March 2004 26 CLAIMS 1. A vibration generating device for a2dMarch 2904l ess
machi ne, conprising: a notor shaft; and a vibrator conprising: an
eccentric load portion; and first and second side walls, with a groove

t her ebet ween, extending fromsaid e&Bentric |oad portion, the first side
wal I having a first surface portion opposite the eccentric |oad portion
extendln% in the direction of the length of the groove and the second side
wal | haﬁiﬁﬁwﬁ second surface portion opposite the eccentric |oad portion
extending in the direction of the Iength of the groove, the first and
second surface portions being at a first |level at the edges of the groove;
wher ei n1fi r s\ vilatigegenemtinadenied fger smalhuireless madined éampiisiRgii d first and

second surf age,o1BOSHAMORR a VBRRGCIdnYR anﬁ%gxl ndented bel ow said first |evel

towards the bottom of fhe Igroove tending into said groove; said
first caul ke@ngeeantimiogdeartigaianskt end across the entire width of the first

surface port F%’Panéas!e@oﬁ&%ﬂ'é%&l%‘“\ﬁtﬁda @P&&vb%e:%@ﬁ:e@ﬁt eRSh@RY AT e5ig t he

entire width of the second surface portion; said nmotor shaft I1s nounted
within §§¢Q!Ptf§j>r 9§ eportion, ﬂl’l@IfVStb%d%Waé'ahQi/"TQ ﬁsfﬂrsﬂ gyéace parton oppesigalibked

por ti ongeéeipitl foakl’ .diﬁ&%ﬁa.@% iP Y RESioR  of Sthé qerfdﬂ‘i oF R GroveE UMl meur face

portions into sail ove su hat said notor s t is maintained in said
groove SeEPNgagide @@ugnae'wgp@.sﬁ?%issumerr@ﬂwns@nwsﬁ%ﬁm eegeairic Ipad ipattiegr al | y
coupl edkigndiftly dn @6€ &ieElidh of the length of the groove, the first and second surface
portions being at a first level at the edges of the groove; wherein
| first and second caulked portions are provided in said first and second surface
portions, respectively, indented below said first level towards the bottom of the groove
and extending into said groove;
said first caulked portion does not extend across the entire widih of the first
surface portion;
said second caulked portion does not extend across the entire width of the
seéond surface portion;
said motor shaft is mounted within said groove, entirely below said first level; and
said caulked portions result from deforming portions of said first and second
surface portions into said groove such that said motor shaft is maintained in said groove
by said caulked portions, whereby said motor shaft is integrally coupled to said eccentric
load portion,

2. A vibration generating device according to claim 1, wherein the width of the
groove between the first and second surface portions is from 70 — 95% of the
diameter of the a motor shaft and at least a portion of the groove surrounds the
motor shaft for at least 180° of the shaft.

3. A vibration generating device for a small wireless machine, comprising:
a motor shaft; and a vibrator comprising:

an eccentric load portion; and



| oad portion. 2. A vibration generating device according to claiml1,
wherein the width of the groove between the first and second surface
portions is from70 - 95% of the dianmeter of the a notor sRaMareh20Qk

| east a portion of the groove surrounds the notor shaft for at |east 180
of the shaft. 3. A vibration generating device for a small wreless

machi ne, conprising: a motor shaft;2&nd a vibrator conprising: an
eccentric load portion; and 23 March 2004 27 first and second side walls,
with a groove therebetween, extending fromsaid eccentric |oad portion,
the first siét aBd 1serend pige avalisy with  progve therebetwrenppidRiding fra@ saldcentric

| oad pogdentticersh® HHrig, ithe e Sdd Qi i ath $8RQEbAfont Bepieame and the
second side wall having a second surface portion opposite the eccentric
| oad poPt4eBHic lead erHioRgestending indiecdiracion ¢of theydenogkhgt fheogroewe agf dBee;

wher ei Nsddoha tsidNWak $E0IRE € 3eddn8bupraES ipBRidnadppobite edadehitc 3edd] pbitibgt and
second surface, EOFIIOﬂS, respectively, extending into said groove; said
first c&XPREe pare fectienot ihedendh obihg aRIvesWhesl entire width of the first

surface port fighand absbreecikéd GRIMdHRLrE Préviddll MORKI fIRE afX kBRthda&ags t he
entire wwdth of the second surface portion; the width of the groove

bet weenP?HeNs: respectivel. 85EBHAT &1 FAEG YRt i ons is from 70 - 95% of the

di aneter of i@ matt &uiebaddriiors Abss Mot ekiehd HckodsSthEReHREL Fidth tohithe $irdtd gr oove
and at | east a portion of the groove surrounds the notor shaft for at

| east 18¢1a5¢ pP_Hl?“'s_haft; and sai d caul ked portions result from deformng
portions of saldeddriddaukd psRBAMEes not extend across the entire width of the

second surface portion;
| the width of the groove between the first and second surface portions is from 70

-~ 95% of the diameter of the motor shaft;

said motor shait is mounted within said groove and at least a portion of the
groove surrounds the motor shaft for at least 180° of the shaft; and

said caulked portions result from deforming portions of said first and second
surface portions towards the bottom of the groove such that said motor shaft is
maintained in said groove by said caulked portions, whereby said motor shaft is

integrally coupled to said eccentric load portion.

4, A vibration generating device according fo claim 2 or 3, wherein said at least a
poriion of the groove surrounds the motor shaft for more than 180° of the shaft.

5. A vibration generating device according to any one of the preceding claims,
wherein said first and second caulked portions comprise recesses, the lengths of
the recesses, in the length direction of the groove, being longer closer to the
groove than further from the groove.

6. A vibration generating device according to any one of the preceding claims,
wherein said first and second caulked portions comprise recesses, the widths of
which are from 25 — 90% of the widths of the first and second surface portions,
respectively.



surface portions towards the bottom of the groove such that- said notor -
shaft is mamintained in said groove by said caul ked portions, whereby said
motor shaft is integrally coupled to said eccentric |oad pdstMaseh 2004 A

vi brati on generating device according to claim2 or 3, wherein said at

| east a portion of the groove surrogﬁds the notor shaft for nore than 180
of the shaft. 5. A vibration generatfHg device according to any one of the
preceding clains, wherein said first and second caul ked portions conprise
recesses, the |enaths of .the recesses. in the |len direction of the

gr oove, ?bei n§ Y'§‘r?g§? gengalipg (g VicRaccgiding, & taH)o’{r?nPu%{ E@r PfPPB‘?W [#8 Y Poove. 6.
A vi brati on ybeeimsaideccicleadpodiodiisof 4 Pursoayedoan shapd, wheprnésesdi inag cl ai s,

wherein said,f] nd second.caul ked portions c ri se,recesses, the
Widths of - wAresioh 8bhe B Tt S iorble. with el JFet R (sERS Siecsocond
surface port porisns beiagiat and divy .oulks svefacds RD0ihg Rt At aA arighy oft lees tiganer at i ng
devi ce accorql'é’n,q"ﬁo any. .one of the preceding clains, , wherein said
eccentric | oa porr}?'?)n |§%f a truncated fan shape, when viewed in a
direction along the |l ength of the groove, with said first and second
surface portions being flat and two outer surfaces fanning out at an angle
of less than 180 with one another. ° VI BRATI ON GENERATI NG DEVI CE OF
SMALL W RELESS MACHI NE ABSTRACT OF THE DI CLOSURE There is provided a

vi brator 10 which is integrally coupled :



to a rotating shaft 12 of a notor. A groove portion 13 in which. the
rotating shaft 12 is fitted is fornmed in an eccentric | oad ortion 11, and
side walls 14 bulging fromthe eccentric load portion 11 aﬁghkﬁﬂhiﬁhlboth
si de edge portions of the groove portion 13 are fornmed. A portion 14c of a
tip portion end surface 14a of the side wall 14 except an outer,

peri pheral portion 14b of the side Il 14 and at a side of the groove
portion is caul ked froman opening side of the groove portion to a bottom

21 g0 050 ! ekl Al arihd DAIGYSH it B s et "0 S
ABSTRACT OF THE DISCLOSURE

ihere is provided a vibraﬁor 10 which is integrally coupled
to a rotating shaft 12 of a motor. A groove portit;);l 13 in which
the rotating shaft 12 is fitted is formed in:an.eccentric load

' por;ion i1, and side walls 14 bulging from the eccentric load
portion 11 and forming both side edge portions of the groove
portion 13 are formed. A portlon l4c of a tip portlon end
surface 1l4a of the side wall 14 except an outer perlpheral
portion I4b of the side wall 14 and at a side of the groove
portion is caulked from an opening sidg of the groove portioﬁ
to a bottom side, so that the vibrator 10 is integrally coupled

to the rotating shaft.

Figure 3



