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 cifRdigrefedenveRithiol r&l £66s MBS A Hebr28i M Idehedd¥irg

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.



This vibrator is made of a high specific gravity netal nolded by a powder
metal l urgi cal nmethod, a cylindrical boss portion is’'integrally forned at
an eccentric load portion of a substantially fan-shaped se&BiMsaich 4004
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! @réihtﬁ]ﬁ{;'s@?&fﬂjﬁin%@ﬂﬂéan 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

B e LA R E L et
years. %n sastéc?@{orpg?ldbt er rn%dglng sha 5%2 m%%oe cfose 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



formthe vibrator itself to be small. However, since the boss portion -
around the attachnent hol e becones very thin, there has been al so anot her
probl em that when caulking is made by a large force, a craékMacch2@@dy to
be generated; and on the other hand, if the caulking force is low, a
desired pull-out strength can not be obtained, with the result that the
adj ust nent of the caul king force becgnes difficult. Then, as anot her
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 integral or med ing from the _
of t1p SaF PESEP a1 kbrangrRee Br BT el CRYE PG Phfhind'De SRS, O
2 Caul kAnd PHRCROPCRY St 1Y 38! Bec Bt Pato T R (o
|t ogr PPk BapRedtf cRRE A THEHE FoTiar 1183 0% chrdRF 4 BH -G ent | onal
vi bration generating device described above, there are nerits that nol ding
i s easi GLTePGER (FH vPRGEatRR PRERGBPHg tHFbokRepdiaswhit i Rhaki Sk he
attachnent hole' is fornmed, so that manufacture yield can be inproved, and
even i nagiusgmeatypdr &henscapliagoforce; bespmeg3diffinuites 4 -
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 axiai
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



beconmes small, as conpared with the case where the-thin portion such as
the outer periphery of the boss portion is caulked, there is |little fear
that a crack is generated. However, in the conventional vibéatMaseh 2004
generating device shown in FIGS. 10 and- 11, when the tip portion end
surfaces of the side walls 5 are caul ked, the whole wi dth dinensions from
the sides of the groove 4 to the sidas of outer peripheries 6 are crushed
and, therefore, a high caulking force is required. However, since the

ri gi ditpeobmcsespall | asscafipardd wiitdet bealdaseSwherehthesthingforttherngr oove 4
is high through the rotating shaft 3, when plastic deformation is nade,
bul gi ng suich @&l khy caveedpépiphdriyhef stlesbaés tpwrnidreriperduyikad,es 6

whi ch becone free ends, and as a result, there has been a problem that a

hi gh pultheg¢ ist nargtl gaarnehaleaobiracreds Gesegdased.as a result the high
caul king force is required, when an attenpt to increase a tungsten content

I's made to Obhéb:@v@rdesme(thén ebﬂbbalalaﬁan 'ﬁlﬁbﬁtﬁéﬁe gfé}%&ﬁﬂﬁ; vi br at or
1is made snmall in dianeter, becones brittle in nateri al sothat t here

223| ﬁlazgm <= qowrgqrggl\%\%}gY %: %Iﬁlﬁcllfh(/E hég\llt}liﬁ;%p?)e% nvent | gnt Egs

been made |f§ Vi ew vﬁ‘lhee S%Eo:/‘ﬁ%]r %FBr Q%iﬁ%g{a%h%ckvhglé hficﬂf esent

i nvent i S5 a vi on gener ati ng devi ce
for 2
or a Sréamens%_ol}/lasr %P‘OI%QS’I(% 51\c,¥er ! f %%engaggcl)gg 4 to the sides of outer

- peripheries 6 are crushed and, j:herefore, a high caqlklng 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



Anot her obj ect of the present invention is to provide a vibration
generating device of a snmall wireless machine in which manufacture of a
vibrator is easy, the vibrator can be coupled to a rotating3eieh2¢4 a
notor at a high pull-out strength even by a |ow caul king force, and the
whol e device can be further mni aturiqzed. According to one aspect of the
invention, there is provided a vibration generating device for a snall
wi rel ess machine, conprising: a notor shaft; and a vibrator conprising: an
eccentri (‘:N.I Padg%fé“ on; and first and second side walls, with a groove
t her ebet veer > NG ng fromsaid eccentric |oad portion, the first side
wal | havi ng aAhbthet olsjactfditie esdrit dtveolipois itd prolvide a viiorationt gereratingd porti on
ext endi ng i.g %pe di |r‘%’ctli on 01; it he Iﬁ&gth o{ @pe ]géogvg and th@1 second side
wal | haviPRYCROLEEDRYVIEIPFRTECHaT {1 R pipBEiaraIe Rl WEBINS $2°% %4 porti on
ext endi ngibratort ¢am I coapieddo agbtatihg shafhaftamotor ahee high paikeut dtleagthi eveh and
ezra'\twhﬁj%teﬂzee%ges of the groove,

second suyr.f rti.on i ir e
wherein ?B&ragﬁsé{ﬁ@%ééé%ﬁ% a%?l}ﬁ%évﬁalsgirehc%%én I(El’rg\efu phro I said first and
second surface portions, respectively, indented below said first |evel

towards t t of .t ove an xtending.into i roove: said
first caugg%@%éotrgﬁngnas (?Ieagoﬁéh[ Q%?%'ﬁg’ ce&%éssp{c%gegn i"?’gatW%{el%%B%hghe first
surface pevité tona swalldvisdessmiaching, kedpyisimd:i on does not extend across the

W thin said oPdBEr s FRLR yREb BTl o “Tevel s and said caulked -
portions resulah e!i:cmttimjbfadlpnﬁing; gutrtions of said first and second surface
oL e"s, oo Bkl ARGl Bt 2Rl TES S5 RR <le PR RS, L 5 ¢
coupl ed teocerdiin Idae porintrihe fitsb side peafl tiawving 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



According to another aspect of the invention, there is provided a vi-bration
generating device for a small w rel ess machi ne, conprising. a notor shaft;
and a vibrator conprising: an eccentric |load portion; and 23Maet#00004 6
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 oppos t he eccent 0 ortio xtendi n e dir.ection of
Phe | engeh’of shahd SeSFEr e bifis, SRR & Gobled el aiepdinb Mot bAHS Lo

pr ovi ded eceerdtid hbaﬂlposiionam first side wadlurdvangea ;ﬁmttshdacse pomenp@pposml e

ext endi ng . (o)} aid first cau does not, ext end
coros. 1 Retalifk B3 ol fenal i e ey 1€ o8Bl §e SRR BE' Cou ke
porti on deemdmride eall badnga rsesc:ndtdwfae@pnmenwpdbéltecthe tebeentmabadl@oﬂnnf ace
ortion; 0 e and second surface
Bortl ons i sﬂgwg% {ﬂ%;lreatg:gb/oqtlfe ]\éﬁ%tR 05\% thFf]zfﬁ not or shaft; said notor

shaft is nmounfied amdt beaondac@l@dopw@oam@ratprb\e@m ira spigk firsd ranof sédoed groove

surroundgukg é’g;éoq]r Fe%@%&twg eﬁénéﬁ % é‘a%)g%ov _he_ shaft; and said caul ked

portions res rom ort ons sard first and second surface
portions tovvalsdrsl ftristecatuﬂ@dcnmrtm‘n ddes gt eatead scodsstthatentie widthoofothe dingtf t 1 s

mai nt ai ngg é .groove by sai d caul ked portions, whereby sai'd notor
shaft is gra 'y coupled to said eccentric |load portion. 23 March 2004
In the vi br at isakl spened atilked dedibo aloe$ nbhextsndlacross ribé eatire 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.



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 suP® 04 he
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 side7of the groove portion, so that as
conpared wi th the conventional vibration generating device shown in FIG
10 and FIG 11, it becones possible to couple the vibrator to the rotating
shaft by a |ower caulking force.' At this time, the outer peripheral
portion of the side wall which is not caul ked, functions as a wall portion
agai nst the plastic deformation in the caul ked portion, and, consequently,
the .-greater matheafiﬁﬁha:ﬁﬁuPléﬁdraQ&hi;Odeﬁc@ldfgeﬁeté?natﬂew@l&%%%ssi de .
Then, the-vibrator is firmy fixed to the rotating.. shaft by three points

of the heidHiMeod ireitfed h AnmQOVR PO ikhR- ,fu%d Gotfﬁfftﬂeagpb%g si de
wal I s. Thus, according to the vibration 23 March generating device

of the YresaR! inRERiA] thi2e YorRAMAG %%ftotaft Eﬁev l&B&%EJ 94 ane%at' ng

device is easy, and further, it S possible to cou e the vibrator to the

rotatingishakt gP(f)ové t?oxﬁ\gi%o%ncﬁ i 9h p{:'ﬂ)t%l:'r%tf_l 0S¥ Y o3 | over

caul king force. Fro accor |ng Vibration generatlng
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portions of this groove 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



to the rotating shaft of the notor by a |l ower caul king force than the -
prior art, it is possible to realize the mniaturization and - |ightening
of the vibrator, and the miniaturization and |ightening of 28Margh i on
generating device and the whole of the snmall wrel ess nmachi ne. Besides, as
a result the caulking |load can be nade snmall and the .generation of a
crack of the vibrator can be preventgd, the productivity of the vibration
generating device is inproved, and it becones possible to inprove the

Vi brati genefit eh§nadvidy dealnd PFrcwert il iBh SpaE manugaatuky of the
vibrator. Here, éspecially in the third aspect of the invention described

above. bhechgngtii 4 1508 Al 1 S KEG OUIPN arld) diitrdealicl | ne

direction at the side of”the groove where nost "portions are bulged to the

i de of ;LML o181 Nt SRl e NAROPEAGILTEd Nile Ho i PR Bl Si de

whi ch functions as. portrion n the caul k portion is

23 v chronty SErE L gf et -ohicrhPAGHR o rifaChiR oot TP LY

caulkiag force. In addition, it becones possible to. use the caulking:
punch vihiPER®can be easily manufactured and has a circular shape in cross

section, and the use life of the aul ki n unch can, be greatly el ongated.
A fourth aspeF:FO‘Bft@%@b%%ht?%?&%s%%ﬁ'&ﬁ? Q%F‘eFﬁé?lﬂgrst to
third aspects of the invention described above. _Nanely, in the_ tip portion
end surdggécgr0£HQprgpS§@¢fé@gegpion (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 portion is plastically

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



the side wall, when the portion except the outer peripheral side portion
and at the groove side is caulked to the bottom side of the groove
portion, in the width di mension Wof the tip portion end s@?%ﬁﬁ@‘%QGQhe
flat surface fromthe groove side to the outer peripheral side, it is
preferable to caulk the range of 0.25 Wto 0.9 Wfromthe edge portion of
the side of the groove portion. At Phis tine, in the case where the

caul king width. dinmension is small, it is sufficient if the caulking |ength

di nensi gRa kR blRetas abtbiknatdig qpltddrprp{iﬁlmgl@ stBeg§thapg an1dhercontrary,
in the case where the caul king wdth dinension is large, even if the

caul ki nQaﬁiHQfo_f’éE@é‘.Si Gh AdithendXig bbéBRes! §r8§éi19ﬁei1§)ﬁi§9é lthed

sufficient pu out strength can be obtai ned. The range of caulking is

lim tedcaﬁ?kigﬁ. gg\?gﬁt'%&ig#%a\ﬁ/g% ?ea?qu?ﬁt(ybfrg ! facthrtf® pé”ﬂ'asi $ smal | er

....than econes. I C tarn a surficient plastic.
def ormati,on._anmpunt .to f.ir i I b Onh,to t 1.0+ aft of

t he not (O‘P,:c _ F‘Feshapfahé'nr argn%desgl sé%égg% § éﬂé \X[het h&eg]%?)i%'?ch%d:&}hlo
foregoing Eﬂmction t he wal | §O£;ion agaiﬁsé the plastic deformation of
the caufRB4KEBHL PBRCRsCABPEagERATLRa=L8 92FEait, the outer peripheral
portion is also forcibly deformed outward, and therefore the pull -out
strength is | BwERweth msnerds of kdespaygertdpn g Baged\RPPR 3R A forned so

t hat the whole of the groove portion becones U-shaped by erecting the side

) .Shap
wal | s feéilpfarsheasthirdmprects oftthke dayention dascsibed agesiee t he

rotating shaft is fitted in the groove
Namely, in the tip portion end_ surface or the flat surface of
f.he side wall, when the portion except the 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 f:o 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
large, and on the contrary, in the case where the caulking width
dimension is large, evc:.\n if the caulking length dimension in
the axial iine direction is smél]_., a sufficierit 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 thle motor, while if the range is exceeds 0.9 W, the -



portion, the rotating shaft is internally contained in the groove portion
within the range of a center angle of 1800 . On the other hand, like the
fifth aspect of the invention, when the groove portion of 2R&aeh2er is
formed to have such a .size that the range of the center angle of 180 or
nore of the rotating shaft is internally contained, and the opening wdth
WL of the groove portion is set so that the ratio (W/D) to the dianeter D
of the rotating shaft becones in thelqange of 0.70 to 0.95, by the plastic

def or magbpagelingheuscdeonahl 8hbewraitapblicign byalissposdieblpiasailkd || the
opening portion of the groove portion nore effectively and to firmy fix

the vi bgak8tmatPohiAt thé dan kA 56201 6n BRI JAR) Ry S ebda tDRAW NGS

FIG. | is.a front view show ng a. caulking state according to a first

enbodi nepg ﬁﬁﬁgggggﬁ%sl@wz%&ﬁso{i& Forkindyl §OEh L MRlRgH | onal

view of a v rc FIG 1. FFG 3 Is a perspective view

how 19 bHeshbE8koREDeHE TRy B! BE-BSPENLT fXGOLLAD. FI G 4 15 a front

vi ew shoWwng’ “Shape o rator~ accori a second embodi ment. of
(e Drosent I BELEn. ool Gaded SO SITINIE Ak e K
avi b_r a%:l(')u[it %%%Orvgﬂonlge tc())f at%lgi rc_;%‘o%@%()dginonl?gjfm{) fbécl?c?m Sreisjgg aipg\clierll:;[yi on-
-_erecting ‘the side walls from both the side edges; In this caée,
in the state where the rotating shaft.is fitted in the groove
portieon, the rotating shaft is-ihternally contained in fhe
-groove portion ﬁithin 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 deformatioh 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



FIG 7 is a longitudinal sectional view of the vibrator shown in FIG 6.
FIG 8 is a perspective view show ng a fourth enbodi nent of the present
invention. FIG 9 is a perspective view showing a nodified éX3ae20Wk the
fourth enbodinment. FIG 10 is a front view showing a caulking state in a
conventional prior art vibration generating device. FIG 11 is a
perspective view show ng the conventional prior art vibration generating
devi ce caul ked as shown in FIG 10. IPREFERRED EMBQODI MENTS OF THE | NVENTI ON
(First ggbpg¢gegg) FIGS. 1 to 3 shows a vibrator -10 according to a first
enbodi ment” of the present invention. The vibrator 10, which 23 March 2004

12 i s made of hi,gh_ speci f.i it ‘al . _
netalIurgicaIFf%tﬁn%%Ekggﬁéég%egﬁ%g@éﬁ?§%§%§&$gggﬂ%ﬁ%ggegggggheggction W th
an axial _Ijpe Oas the.center, and the whole fan-shaped portion eccentric
kB mELo
aX 198

from t h@EakRg| PFEREND HREG P serves-as an eccentric |load portion 11.

In the vibrator 10, a groove portion 13.in ich arotating shaft 12 of a
motor is fit¥Ed- ahdlsud 5I’F°F?§svéeﬂoﬁyfl‘6‘ﬁ+58r1\fl\€%r§rhﬁp% %fgfﬁ H&PEF‘EOE nost

equal to the dianmeter of the rotating.shaft 12 is fornmed at the center
port i on2@EoEALBgt B¢ PefrphRdatmhPdIRANEHCHERetRTCERRL f BRVEREHR of t he

eccentric load portion 11. Further, side
: FIG. 5 is a front view showing a state where the vibrator

~ of FIG. 4 is caulked.
| FIG. 6 is a front view showing 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



wal I's 14 which bulge-fromthe eccentric |oad portion 11 in
each ot her and becone opposed side edge portions of- the

integrally formed at both the side edge portions of the g
In thi.s kind of vibrator 10, generally, an arc radius of

| oad portion 11 is-as very small as _several mm and conse
difficult to distinguish between viBrfators of different si
concave identification nmarks 16 of various shapes (circle

parallel wth
groove 13 are
r 68 Margihe@i4on 13.
the eccentric
quently, it is
zes, so that
in the draw ng)

concave. _ 16 of apes a
bot ICZII%Q?I&%I‘%%% g e B A e B PR T ort i on
4a of i d I 14, E e h '

bot - onfepat LRoALCRh Sardinhaubin haR *p TPABAAkTar LY, TAFTHEpREEERER Tc "

except an outer i pheral, side portion 14b of the sid I
sidePZSSﬁEF&HnZUgﬁhl n @#l@ﬁeqdf@bdﬁiﬁ% % ec%ﬁ??%ﬁ'b§n§ ﬁﬁ

paral | el epi ped caul ki pg punch 15 from an openi ng.si de_of
a bot t offBrgbared RPOEELIHECAFRIE IF BFQF‘OII}“? G’?‘I@qi

I 4_.and at the
€t ¥AgdLar

the groove 13 to

hEBErAMSFMMEHPED to .t he

rotating shaft 12. Here, in a wdth dinension Wof the tip portion end
sur f aceSeryesr af ameegentpic tigadyPeskdopol L onln the yiprateut 40 peri pheral

side,” the portion 14c to be caulked at the side of the gr
i s set angrheveapgetddén D3 2iB which B rovdting tshafddde gdr
of the groove 13. Incidentally, the rotating shaft 12 can

oove portion 13
i 39ter t he side
be made of

is fitted and which has a bottom portion of a semicircle almost
‘equal to the diameter of the ;otating_shéft 12 is formed at
the center pdrtion of an outer peripheral arc wﬁich 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 severél mm, and consequently, it 1is
. 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

eccentric load portion 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



stainless, for exanple, SUS 420 or the |like. Besides, the vibrator 10 is
preferably nolded by using an ultra heavy alloy nmaterial of a specific.
gravity of about 17 to 19 g/cnB, for exanple, WN system 26March200dy st em
WNi -Cu system W M-N -Fe system or the |ike and by a powder '
metal lurgical technique. Specifically, a m xture powder of a conposition
made of : Wpowder of 89 to 98 weight, % and NI powder of 1.0 to 11 weight
% or a mxture powder of a conposition containing the Wpowder and Ni

; 8“_‘3:36?’3&“% §R8¥ee) 58085 06qUPkER byis AUy PRSI R O O
' 9 A \Nej % | - i
12100 Rty o Rl Uity HspRpaNEA, Mo 2

fan pla y a pressure of I's conpact

is |iquid, ph i nt ' hyd t f d int of 0OC
o - 6c BPeuRar: BodafbRe AR (HE= dAG1or S8Fbara Ty SRl D004 14
it is further heated in_t t e of 700C to 1430C  30C i
vacuum REBER O TAS TIGEARF AEmboli o STaAGViHoh dIEREAan B ShERE of |

rapi di'y cool |£1€ it t%cat Igeas_t];,ﬁogcoah@a anl‘i&n%br@ate o‘fr 40C/tm' n or nore
I(tsugggz gﬁ%ntﬁ? %xcgzgsgggl wei gEt {ﬂ% Qt/ﬁg gtpeci fi cgmé?a?/ﬂoi ;g:ggest E?gx\/
al t hough3t he the busbirl peyipberalictide s yhe pertiorlds tarke caultkedcase where
it is less than 89 weight % a predeterm ned specific gravity can not be
obt ai nedt &he stidebefotbe dreadeaptrgbonisl Aisis et kimdlndf nangeatod .
oes! desb.ZS Wto 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
to 11 weight %, or a mixture powder of a compos ition containing |
the W powder and Ni pow;ier inrthe 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_ % 1s 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,



also in the case where the N (nickel) -content exceeds 11 weight % a

predeterm ned specific gravity can not be obtained, and in the case where
it is less than 1.0 weight % sintering does not proceed. EaMafe}2004

al though Co (cobalt) has the same 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 1@ weight % an adequate effect can not
be obtained and the manufacture becomes uneconomi cal. when the Cu powder

and Fe Revfgefugﬁﬁef%aadaélﬁgn tﬁé Eemgeratﬁkatfaﬂdwoftﬁmer fburgsgeen be

| owered, @ predeterm ned specific gravity can hot be obtained in a range

el oot P AP Faclll, | pYBEHEL 4 SUMNAS BrhBERHLPERIIRD cGeRCT 2t i N0

devi ce of € Sha W T él €5s nachi n above §tructure  of
conposi ti gn he rotating shatt.12 of the optpr | | d, groove
13T and. Beac, FecaFBefbs OF cFrBh L irParind BB 60 el ertERAfG 4,7 55
March 2004 15.form ng bgth I si de edge portiol?f of the groove portion 13,
except BhEC8iBg PFREEPAL AP SR R (ROFE 14D PERERHEW dth  di nensi on W

Lic in the rahBctBE SOBBORET B SF 1% TR Tk MO YR8 &1 de of
the groove 13 is caul ked by the caul ki ng punch_ 15 toward the .bqttom side
of the ‘gh@oWe(t!EBSS*s}énﬂhﬁPng?nEoﬁﬁEP@é? %iat el te dny ERE SRECIHIST at i on
generating device as shown in FIGS. 10 and 11, it is possible_ to couple °
t he 'vi bpaavity dbedrmeshdghnalsharghshempdleabdddtyi for dusitddity)
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 weigﬁt %, 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 valué.
According to the vibration generating device of the small
-wireless machine ,héving the above structure of composition, .

the rotating shaft 12 of the motor is fitted in the groove 13,

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



At this time, since the outer peripheral portion 14b of the side wall,

whi ch is not caul ked, functions as a wall portion against the plastlc
deformation in the caul ked portion 1l4c, the greater part of3tMaEcha0f4ed
portion 14c is bulged to the side of the groove 13, and consequently, the
vibrator 10 can be firmy fixed to 1he rotating shaft 12 by three points
of the bottom portion of the groove 13, and both the bul ged side walls.
Thus, manufacture of the vibrator 10 is easy, and the vibrator can be

coupl ed fooming bothttihe) sidef edoe port horgolatheagrpgremortinn 13urengt h
even by a low caul king force. According to the vibration generating device
descri bedceplbiothe suter peeipheraflositie gamthenf ildl,y ifi stdek modithe rot ating
shaft 12 by a | ower caul king force than the prior art, mniaturization and
| i ght endigentibhe wifireh othéO siideeldf thd givoikerl3 ntdi gher ictdleron and

| i ghtening of the vibration 23 March 2004 16 generating device and the

whol e obelchghemrall sMé?'tﬁbeFmﬁb&eM@aih k@l £ahhéaskt 0BeS Wese osignce the
caul king load is made small and the generation of a crack in the vibrator

10, esw&&h%@bdg Stéfoalt thd $Alk bg Ph8\EHGFL 15! iHRGRAMRSY Possibl e
to increase the pro u Ivity of the vibration Tgenerating device and to

Yo ALy S S5l e BBl 0 Spec ! ¢
the puIH3out StEEngtas compared 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 ﬁall, 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



of the vibrator 10 fixed to the rotating shaft 12 by the caul ki ng

according to the present invention was conpared with the pull-out strength
of the conventional vibrator 1 fixed to the rotating shaft23Mgjch 204
conventional caul king shown in FIGS.' 10 and 11. In the conparison
experinment, by using the vibrators 1 and 10 and the rotating shafts 3 and
12 respectively having the sanme shapge, five vibration generating devices
were produced in each group. In the above vibrators 1 and 10 used for the

experi MgBherath@gogéeicdiaietttle RhotaW¥ @he BRaBTORNE1 &sd aR&HAGE! | ONS 2
and 11 was 3 mm the length in the direction of the axial line Owas 5 nm

t he inneandb@%%niqbdeacbegﬁdbaﬁ Qﬁﬁgée%gé 23t 1k33¢"8%a@ 4sMHadehe hei ght
S

di nensi on of each of the side wa and 14- from'the bottons of the

rooves d 1 « th i dt | ' fa th i d
groov Ssﬂ\a%ﬂlf]l%a‘é‘@tz% ﬁépc 5&8& %71?""% grgbﬁerﬁi N 9hr§6p Qfp,the side

walls 5 an mm and the outer dianeter

the. convBREFaRIY, Ab, KRB RERE RSy, RETAS, vk Whiendlh, e’ pliloddl 70, 1"

he wh i dt h.di ens; d in a length of.,2. 6.mmin th
i al | PRESGPIECTon “HGF AR CRO K RPN 7Y ORTC negt RAEHHER i 1 t he

vi bration generating .device of the present inventiqn, b si.ng the
caul ki ngepgherirg FVicse @i ntQi 2BPEPVe . Ehﬁm‘”iﬁé‘trlgﬁgég/? .%SB%‘W of 0.3

mm of the respective side walls 14 fromthe side of the grogve portion 13
was cru¥hEguogR aediqatism 206 ke nhigle specific gravity of the -
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——

axial line direction. Wth respect to the five vibration generating devices
i n each group obtained in this way, a pull-out test of the conventional
vibrators 1 and the inventive vibrators 10 was carried out 23 3gich 2004as
found that while the extracting force (kgf) was 5.3, 4.9, 5.5, 5.5 5.4~
(average 5.3) in the conventional vibration generating device, the
extracting force (kgf) was 10..3, 1470, 10.5, 10.3, 10.2 (average 10.5)

in the vibration generating device of the present invention, that is, in
spite ofy.thanf agl t@buthe Cumdiagdlinagshonrof Bachad sheldatwatdingecti on was
shorter by 0.6 mm the pull-out strength alnost tw ce the conventional

pul | - ouspateianagt Rnwes 2 ebkaipng@dmm( Second Enbodi ment) FIGS. 4 and '5 show a
second enbodi nent of the present 23 March 2004 1 8 invention, and in this

vi bration 96”%@&3@9 deyj Cened %améﬁtleara&l oelﬁea@mn@éﬁé&@ttl% portion
22a of a substantially sen1C|rcuIar sh ape is formed in"an eccentric |oad

portiongal; @f @é{ﬂggwlfﬁeﬁ% e%%uéfémaehmﬁrléfgl% wal I's of

this groove p are 1 nt egra OI’I’T'E SO as to cover an exposed

0 vure ErABMBH 9 R SHrbia® oo B L SR SRR L
e, 91 ORUECRTLABN 22 RS v BRALSL Lyt DG LR 5120 2o
generating device 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-



of the rotating shaft 24. An opening width W of the groove portion 22 -
bet ween the opposite side walls 23 is set so that a ratio (WW/D) to a -
diameter D of the rotating shaft 24 is in the range of 0.783Mareh 2004 As 3
specific exanple in which such a range is obtained, in the case where the
dianeter D (nm) 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 opef8ng width WL (mm) of the groove
portion 22 between the side walls 23 is set to 0.3, 0.4, 0.5, 0.6, 0.7,
0.8, orinfefitids, sddvin mhikCGribration gépepstingrlarite, sugiraowe23a of -
the side wall 23, and at the center portion except both ends in the

directiparefiohhe2axheling ae Hbt tonp PR F2ex6Eph snbstaneiafdyi pher al
side portion 23b of the side wall 23 and at the side of the groove 22 is

caul kedgByicich 5 AANAbE i 2T NMaieeh 13084 dScorEals eleni pottaan king punch
25 from an-opening side of the groove 22 to a bottomside, so that the

above Vpbr 3t p1p20chs 26 NAM A ide SUPILDI T IPIRING MARIIS. AL Lhis

time, simlarly to the first enbodinent, in a wd di mrension Wof the

tip porpi S r%r?)s%ﬁ;gg},sg%'ﬁﬁanfi %hfnﬁ%gfafi%g}?xggé@%‘éeas%bb% 2 to'the

outer perip cau por e side of the groove
22 is set so tha

porti on®8t egﬁgsgédigés#fo? h%£ of %%%ar%?g él—%%fg% V\(lteto\ﬂ g‘?’a\éllrf)%q'gg%gr S??ﬁg
device haVIH%Iggéé%e 22 with an lnterval from both sides in the
direction of an axial line O. As a result, the groove 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



structure shown in FIGS. 4 and 5, the sane function and effect as those of
the first enbodi nent can be obtai ned, and especially in the vibrator 20 of
t he second enbodi nent, the groove portion 22 of the vibratgs Magch 200Hor ned
to have such a size as to internally contain the range of a center angle
of 1800 or nore of the rotating shaht 24, and the opening width W of the
groove portion 22 is set so that the ratio (W/D) to the dianeter D of
the rotating shaft 24 is in the range of 0.70 to 0.95, so that the vibrator
20 is fparaylélepiped dhekivigpunghs Baf from amyopenidy sdide §fokheéhe bottom
portion 22a of the groove portion 22, and bottom portions 23d of the side
wal |'s 2grodée 22 asild botitom sifesssdl€ha fhe atveres ivhbatadior2@0t dst he
rotating shaft 24 by a |ower caul king force. (Third Enbodi nent) FIGS., 6
and 7 shovegryibyabeapBed ofo actidirstanbhagisterit 28 Matckh28Q4i@8, and in
this vibrator 30, the whole of an eccentric load portion 31 is formed into

a Shapesgﬁ%;agignﬁét fran-cthapeeasmens, SACA Wit aiijesls iRdrc@NbEr portion,

i ndi cate otte ine in the dramng, of a fan shape with a center
angl e of,less.t 1 380 ﬂaﬁy@éi- £ £ Hfd &l ubiraeae d2oaye formed at
t he ro{:% i-ggpc}gt?\?%%&lgiedlééo% t he vi%%tor 30, andla U shape groove '

DO o et Spol GheIEoRRE L ERRIBHAELL Ll Ik B gestiche conter
S?ggvgoégéfggh@é@&?ﬁﬁ%&%ﬁ%ﬁﬁ?%&%%%% 35 18" &e ogém%hgg fgnﬂé §ndgRe0f this
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 iéxfirmly 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,



peri pheral surface 34a of the side wall 34 is forned into a slant flat-
surface shape which is continuous with an outside surface 3la of this
eccentric load portion 31 and | eads to an arc-shaped out er 23MarghdoQ4
surface 31b. Simlarly to the first enbodinment, in the flat surface 32
whi ch beconmes a tip portion end surE ce 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 of the outer
peri phermat isuthbe o ibtatoat 304 Hveswhielefofl Ao epe@vir biradrp@Btigncaul ked by
a rectangul ar parall el epi ped caul king punch fromthe opening side of the
groove Joris ofioBded 0ihbe hoshamesiode,a srumHted efabalapedratess 30 is
integrally coupled to the rotating shaft . Also in this vibrator. 30, in

the W ddridrens aRi¥A0A ddiecdrt porsubhicend2catearpy hedstdedofinéhe groove
portion 3 3 to the outer peripheral 23 March 2004 21 side, the caul ked

por tion; Rt plehgralifgPfof REESA UMD 3Rith Slentey hhgleidf N&skNthae range of
0.25 Wto 0.9 Wfromthe edge portion at the side of the groove 33. Also

R o . BB, bR bl cipe iy rel
o, Pab b B RAE SRy PE LA et SRS sxblp ol e o
o L a0 0 e MR o O P08 35 Bl B e

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.

Shnila;rly 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- . .. ... -



are such advantages that a netal nold shape for formng the vibrator 30 by
powder nolding is sinplified, and nmanufacture becones easy. Further, since
the center of gravity can be set at a position decentered g3Masgitdifi4 i c)
fromthe rotating shaft to the outside, a desired vibration can also be
obtained. (Fourth Enbodinent) FIGS. 8 and 9 show a vibrator 40 according
to a fourth enbodinment of the inve®lion and its nodified exanple,
respectively. The vibrator 40 has substantially the same shape as that

shown idyddie thd shuekeddpsetionaat e sdde b€ thé grdare Sfapsdsgbrtion
eccentric fromits axial line is an eccentric |load portion 41. In the

vi brat g 4hatd SENMLi HEWHRY radiqROWE ARt antodd . onwwhi-el eheotagéng shaft
42 of a notor is fitted and which has a bottom portion with a size

SUbSta%é@th/n'at el s { e o £l BBt §Foowt -33 he rotating shaft 42 is
formed-"at the. 23 March 2004 22 center portion of an outer peripheral arc

whi.ch depi Ct%ftéz?ikaeh?t}%%ﬁggghgemi{ld Aebq8E pid benfEtapside wall's 44

bul ging fromithe eccentric rtion In paralle each ot her and

becom ng_both sid e [ e . .2 i n r fornmed at
bot h si%%né%% c?r% ﬁ:g%s t@?L E-fi h%@g?%{géﬁ@p@#ﬁ%&ﬁ l@ ]%ng’rll{,’ %‘g‘%ag{ﬂlu% portion
end surface 44a of_ t sj de |1 44, and - the center nortion_except both
end porf‘?‘b?\fsl‘?lhaé’ﬁegg?ﬁ 35 VF@O&%%EWBH—,“ %hﬁoﬁ?%‘ﬁ elf%’c?dgf“ 2%8fde wal | 44
except an_outer perigher al side gortion 44h and at thg S) d% of- the

be obtained, and further, the whole of the vibrator 30 is formed

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 -



groove 43 is caul ked by a cylindrical caul king punch 45 from an opening
side of the groove 43 to a bottomside, so that the above vibrator 40 is
coupled to the rotating shaft 42. Here, as a result of caulRiMeagcibg0Qde
cylindrical caul king punch 45, the concave caul ked portions 44c fornmed at
the tip portion end surfaces 44a respectively becone substantially
semi-circular, and are formed.so tH## a length dinension L in the axial
line direction at the side of the groove portion 43 becones |arger than a
| engt h déneasi poraion hef e eyutper ippheiiersi deaarc Basicddesiepicts vher at or 40
shown in FIG 9, at the center portion of a tip portion end surface 44a, a
portionfddcsh@pe 8fStHe waktbntétiexdepd poreuioey 4ueri ghdeakwadiidedportion 44b
and at the side of a groove.. 4.3.. is caulked by.. a caul king punch 46
in a stghEgVHE" Lrom CHEScdOitr i Ddad soaid ki NG ik AG Naviikg a
square: section is positioned at the outer peripheral side, 23 March 2004

23 so tQétr:h:igﬁﬁg%ﬁeﬂéﬁbhlpﬁw)o?%g%fbdf ?gﬁ ?EE’EQ.O%E%E Afe Bhoykhis, the

concave cau rtion 44c ng wt t he caul ki ng punch 46

groove 13, She HRLEERTSY, 2oeRGalae ROLRY s el R o ol R g ©

devices _shown in FIG § and FIG 9, the sanme function and effect as those
shown | FPR%EEPPEFIBRa*2cond enbodi ments are obtained, and further, the
| engt h di nensi ons of the.caulkﬁg0 ortions_ 44c %nd 4c' arge. forned-so that

the di mensi onTBgR¢ pid & §EPoPOT FROVLERGH &2 REsERR 1 ¥t byl ged to

the side of the rotating ] ' . .
4, and at the center portion except both end 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 punch 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'positioned at the outer peripheral side,

(.

-



shaft 42 becones |arger than that at the outer peripheral side functioning
as a wall portion when the caul ked portions 44c and 44c' are plastically
deformed, so that the total volume to be plastically defora2anecitds
small, and a high pull- out strength can be obtained by a further |ow

caul king force. in addition, it is,gossible to use the caul king punch 45
which 1is easily manufactured and has the circular section, and it 1is also
possible to greatly enlarge the use |life of the caul ki ng punches 45 and 46.

Wth respegiat ot he YhReaikandylBoupled3fo andrdat Mg ehaft k. tgyfourth
enbodi nents of the invention, "although the description has been nmade only

th o ‘1 . . havi
on efﬁ’g%f :4‘_21%{ §oﬁ?§v$ ape]%cggg%:?gﬁnpﬁ&‘ 5 mkl beladlciddith having

t he subs an-s or truncated Tan-shape section are

f or med, he .jnvent | LS N | Sz | isble to 23
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portions of various shap for ex , sjantially sem -circul ar '
sect i on@dPPHhHRR ﬂz‘i? %gsﬁ%s?lé?s%ﬂﬁﬁ ?Ig%%g%ti?b t he groove .portions 13,
22, 33, and 43, the bottom porj.ion 3%$ nﬁt limted to the s%ni-circuLar
shape,, but tH2@ E&Ubkr ing 5o 118 8REVe LT R 9FRSEETRch as a
substantially square,section or_ _a substantially trapezoid section. [Effect

of the #AVEAES GIOWASIASIG 'BQP%EB@e,gfaEEBrSEﬂ% thgotien A giteqt

as those shown in the first and second embodiments are obtainéd,

- 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 44c
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 ci;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&ving the substantially

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

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



generating device of the-small wireless machine as recited in any one of
first to fifth aspects.of the invention, since the vibrator can be firmy
fixed to the rotating shaft of the notor by a lower caul ki AgMasehcZ0Gdhan
the prior art, mniaturization and |ightening of the vibrator, and

m niaturization and |ightening of phe vibration generating device and the
entire of the snmall wirel ess machine can be realized, and a caul king | oad
can be nmade small and the generation of a crack of the vibrator can be
preventiese sonk coaisanmedilfied s&érpooduesi ncjuddhgt Becenbriei dAadener ati ng
device can be inproved, and it becones possible to inprove the vibration
ef fi ci ghwtivns r eal ivaatiows ohdpges hi Hor speanpile gravsupsbanthaliybr at or.
Here, especially according to the invention as recited in the third aspect

of the igyentifiildnesedbicd asr thd Mikdy gh pul | -out strength can be
coupled to-the rotating shaft of the 23 March 2004 25 notor by a further

| ow -caul ki ng {8 Gfas AN JdRHRAI rdslpdRC @BEEheP@EdoRee pbetidast 18, caul ki ng
punch which is ea%ﬁ?y‘nanufactured and has thé circular section, and the

use |ifg,of3{he, gaul ki ﬂehepﬂaeéo&?ﬁoP@i&wa&w ghengshededaBesi €as.

according’ to t he |nveht|on_as recited in the fifth. aspect of the-
i 7o asSTRITAETRETT o BaRPar B HAL ARG Pey e (FEe Par e o1 o e
oo el ANk, b e S AADY AtndE ARIBRELS o g
a4 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
5eéomes possible to improve the vibration efficiency by
' realization of the high specific gravity of the vibrator.
Here, especially according to the invention as recited_

in the third aspect of the invention, the vibrator with a high

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



shaft is in the range of 0.70 to 0.95, so that it is possible to obtain an
effect that after caul king, the opening portion of the groove portion is
further effectively filled by the plastic deformation of tRéMsaree20@d | and
the vibrator can be firmy fixed. 23 March 2004 26 CLAIMS 1. A vibration
generating device for a small wrel ess machine, conprising: a notor shaft;
and a vibrator conprising: an eccentric |load portion; and first and second
side walls, with a groove therebetween, extending fromsaid eccentric |oad
porti onmotha By msfustberviaw chulkiggafsree; ang fusthportiohes@sesite t he
eccentric load portion extending in the direction of the length of the
groove gndstibde tseusads deulkihghpnaigwhiskdsndasily aeaufacttivamedopposi t e
the eccentric | oad portion extending in the direction of the length of the
gr oove, ahbehis ridie endcataensectidmcandohtions lidengfathe danlkingevel at

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

provideguhahsabﬁ ber gkeatdysetendategface portions, respectively, indented
bel ow said first |level towards the bottom of the groove and extending into

sai d groove; fakgqbkl ShcEarakRY POTEhON MASS 198 £ LR @4 G35 e entiTe
width of the first surface poftion; said second caul ked portion does not

SXLend, Juee iRl el (illyBheiBR, RO QUL A8, PRGR! BF: il O MOt Of

shaft i§ mountéd withi'n sard groove, éntire sal el; and
sai d caul.ked, portiqQns r |t from defornmn rtl id first and
second Vé‘EFPEE’E b%%ﬁrgﬁgsﬁ%t vsea?ﬂcﬁr%g\'}geg%%%ot %ﬁ?églg%%fﬁoct% r_easlﬁlaft is
mai ntai ned in said groove . o .

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.



by sai d caul ked portions, whereby said notor shaft is integrally coupled to
said eccentric l|oad portion. 2. A vibration generating device according to
claim1, wherein the width of the groove between the first2aMargeddid
surface portions is from70 - 95% of the dianeter of the a notor shaft and
at least a portion of the groove surrounds the notor shaft for at |east
180 of the shaft. 3. A vibration gen@fating device for a small wireless
machi ne, conprising: a notor shaft; and a vibrator conprising: an
eccentric |oad portion; and 23 March 2004 27 first and second side walls,
with a §LAING therebetween, extending fromsaid eccentric |oad portion,
the first side wall having a first surface portion opposite the eccentric
| oad portion extending in the direction of the length of the groove and the

second di de faibratinngsigratingslevice for @ Sradfewipless roachiipsh 6empEsitdie eccentric
| oad portiong Rbediingnd 2 vib O,d('gc;n%;fsjngn of the length of the groove;

wherein first and second ca_urfed portions are provided in said first and
second surf a@B ecgrintiiG lopd portieR;yiek | vel y, extending into said groove; said

first caul kegdrspQnki QRoAPSRIENRAISS WIS RSIvaSRelcBEm@Bh] EReNARG frofl shige Tirst

surface portion; sald second caul ked portion does not extend across the
entire ®FeRMFicfoagd hrortien, dba dirguside vellpbaving @, firsh sunidcgt pertien RROFEOHSe

bet veen obhditdd lodki brs BRBRGING Wi HRC Bir&ioh ! @NBe Idndif FMHE graovd et he
di anmeter of the notor shaft; Said notor shaft is nmounted ™w thin said groove

and at Feeend side el hayingfa shecndgswitage portionceRresite e aenepiricsirad roftiep at
I east 18Qtepling R tAE ifectich O 87 BngRUbKER §Obld, O AreSEhd bl S&fRem Ng
portions of said first and second
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



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 pésiMaseh 2004 A

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

| east a portion of the groove surrounds the notor shaft for nore than 180
of the shaft. 5. A vibration generat?hg device according to any one of the
preceding clains, wherein said first and second caul ked portions conprise
recesses, the lengths of the recesses, in the length direction of the
groove, bei ntyst 6ﬁ‘8éﬁ°‘?ﬂdo§'é? was¢ with 599619\‘/@ tﬁ?fﬁhe"ﬂ’ﬁ?'? hestendingh{remesaid oove. 6.

A Vi br ap¢@Rtr@eIB8E Fortitth, ARy ifd AGE Walll RirigCa ayt SiMacEfpdrith BpREREithg cl ai s,
wherein said first and second caul ked portions conprise recesses, the

wi dt hs 8gcen{iii lead fogion: gxtending inglig, @feoﬁ'ﬂ'é Ahitler I“F‘ﬁ‘ggf of fiie groP¥e aaAdhe econd

sur f acesq@hlli RS wall Hasing & lsé’&JnM su?f%cé/%bﬁi&n?&ﬁﬂs:?e?thé edeMirBnadd portiggner at i ng
devi ce according to, any- one of the preced |nﬁ§c ains, wherein said

eccent r PXengagin B@ﬂr%nopgfg\elgngtp Bﬁﬁ‘&tgé‘EP“leaW Fébe, when viewed in a

direction al #3gahd8eddmadiduikel goforar£6\Roviddd i Sl first bh® bediid SpREEd
surface portions bei ng flat and two outer surfaces fanning out at an angle

of | essPRHEMs: respeciiyei SxigRding Sitp 8id groovey| BRATI ON GENERATI NG DEVI CE OF
SMALL W RELESsid M- dWike dARSHGRAG e holl BRichl GefssRRe BMaFE width 1f ONé Gind a

vibrator 10 which is integrally coupled to a rotating shaft 12 -of a notor.
A gr oovERSEPREINL3 i n whi ch.

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 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.



the rotating shaft 12 is fitted is forned in an eccentric l-oad portion 11,
and side walls 14 bulging fromthe eccentric load portion 11 and form ng
both side edge portions of the groove portion 13 are formed3 Margo2@i4on 14c
of atip portion end surface 14a of the side wall 14 except an outer,

peri pheral portion 14b of the side %ﬂl 14 and at a side of the groove
portion is caul ked froman openi ng sfFle of the groove portion to a bottom
side, so that the vibrator 10 is integrally coupled to the rotating shaft.

Figure % A vibration generating device according to any- one of the preceding claims,
wherein said eccentric load portion is of a truncated fan shape, when viewed in a
direction along the length 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. '





