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1. DESCRI PTI ON VI BRATI ON GENERATI NG APPARATUS  TEMENIICRL =0
Fhe present invention relates to a vibration generating appar for
nmeéssage communi cati ons which is enployed by portable pagers A i ature
‘message conmuni cating apparatuses and nore particularly, to a vibrati.on
generating apparatus adapted to produce an audi bl e beeping signal or
ot herwi se a body-sensible vibration for nessagi ng. BACKGROUND ART
Conventionally, the pager is adapted to produce an audi bl e beeping signal
for inform ng a pager carrier of a phone call when an internal receiver
t her éof rcRBECGREPRIOMdi o call signal. Unfortunately, the audible beeping-
si gnal may ' o ' '
VIBRATION GENERATING APPARATUS
IECHNICAL FIELD
The present invention relates to a vibration
generating apparatus for message coﬁmunications which is
employed by portable pagers or'miniéture message communicating
apparatuses and more particularly, to a vibration generating
apparatus adapted to produce an audible beeping signal or
otherwise a body-sensible vibration for messaging.
BACKGROUND ART
Conventiqnally, the pager is adapted to produce an
audible beeping signal for informing a pager carrier of a
phone call when an internal receiver thereof receives a radio
call'signal. Unfortunately, the audible beeping signal may
annoy people around the aforesaid carrier or make it known
that the carrier is wanted on the phohe.
To eliminate such inconveniences, the current pager is
provided with a function for informing the carrier of a phone
call by generating a body-sensible vibration.additiohally to
an audible beeping signal'and is adapted to allow the carrier
to select a call signal by way of sound or vibration.
As shown in FIG. 16, a casing 1 of the pager houses
therein a speaker, and a pager motor 3 separate from the

speaker 2. The pager motor 3 responsive to a radio call

signal Eéigeneraté vibrations of a degree .to be sensed by the
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anhnoy people around the aforesaid carrier or make it known that the
carrier ‘is wanted on the phone. To elimnate such inconveni ences,
the .current pager is provided with a function for informng the carrier of
a phone call by generating a body-sensible vibration additionally to an
audi bl e beeping signal and is adapted to allow the carrier to select a
call signal by way of sound or vi bration. 2 As shown in FIG 16, a
casi-ng 1 of the pager houses therein a speaker, and a pager notor 3
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as tuﬁgsten, and mounted to a rotating shaft 5 of the coreless
motor 4, as seen in FIG. 17. IC, and IC, of FIG. 16 denote
~ semiconductor integrated circuits, respectively.
The weight 6. is shaped like a semicircle or sector.
When the coreless motor 4 is energized, the eccentrically
mounted weight 6 rotates so as to indirectly generate
vibrations in the casing 1 of the pager. The casing 1 of the
pager is formed with sound emanating apertures 7

correspondingly to a position where the speaker 2 is mounted.

DISCLOSURE OF THE INVENTION
Such a conventional construction has the following
disadvantages in downsizing portable devices such as a pager
and the like.
 1. In the construction wherein the eccentric weight is
attached to the cylindrical coreless motor, a heavy load is
applied to the rotating shaft. Accordingly, it is impossible
to fully satisfy the need for further downsizing or prolonged
service life of the apparatus. Furthermore, the construction
is disadvantageous in that the eccentric weight is apt to slip
_offlfrom the rotating shaft. This requires enormous time for
assembly work in order to maintain the product quality.

'2. The conventional construction requires the pager



as tungsten, and nounted to a rotating shaft 5 of the coreless notor 4, as
seen in FIG 17. 1 err] and ICerr] of FIG 16 denote sem conductor
integrated circuits, respectively. The weight 6 is shaped like a.
semcircle or sector. Wen the coreless notor 4 is energized, the
eccentrically nmounted weight 6 rotates so as to indirectly generate
vibrations in the casing 1 of the pager.3The casing 1 of the pager is
formed with sound enanating apertures 7 correspondingly to a position
where the speaker 2 is nounted. DI SCLOSURE _OF THE | NVENTI ON

Such a conmeterodasddbrienalky &® Kae eReaker| dwfAg IBRSLRIAIE & in
downsi zi ng portabl e devices such as a pager
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cylindrical coreless notor, a heavy load,is applied to the rotating shaft.
Accor di ngl PumPer ofj GomRRRents QQaﬁﬁﬁ A¢V¥igersfy the need for further

downsi zi ng or roIon ed . .
d P gls therefore, an object of the present invention to

providé a method'for-generating vibration and a vibration
generating apparatus for alloQing a single unit to provide a
call signal'by way of sound as well as body-sensible vibration.

A method for genera%ing vibration applicable to a
portable device capable of selectively generating sound and
body-sensible vibration, characterized in that.a first
vibration system and a second vibration system having
different resonance frequencies from each other are
ma@nétically couﬁled to each other, and that an energy is
externally supplied to the magnetically coupled systems to |
thereby selectivély switch betwéen a first state wherein the
first vibration system is caused to vibrate relative to the'
second vibration systen énd a second state Qherein the second
vibration system is caused to vibrate relative to the first
vibration system. By selecting a state of energy externally'
supplied to a single unit, the first vibration system is
caused to vibrate for generating a body-sensible vibration,
for example. On the other hand, by changing the state of the
energy, the second vibration system is caused to vibrate for
generating a sound. |

A vibration generating apparatus of the invention
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service life of the apparatus. Furthernore, the construction is

di sadvant ageous in that the eccentric weight is apt to slip off fromthe
rotating shaft. This requires enornous tinme for assenbly work in order to
mai ntain the product quality. 2. The conventional construction
requires the pager ' 3 notor 3
additionally to the speaker 2 for generatd ng the audible beeping signal..
This makes it difficult to reduce the nunber of conponents of the device.
It is therefore, an object of the present invention to provide a nethod

f or eneraFPWQr&FSPaﬁlBﬁlénﬂfap%¢¥ﬁ?k%Kﬂ1 %ﬁé%&%&FlPﬁdéﬁﬁaPEP%§1$Qwe%ﬁh(mM ng
a S|ngle unit to call signal by way of sound as :
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appllcablebogles being provided with a magnetic field generating element

having a magnet so as to form a first vibretion system, the
other plate-like resilient body being provided with:.a coil
magnetically coupled to a magnetic field generated in the
magnetic field generating element so.ae to form a secend
vibration system, which apparetus is characterized in fhat one
of the aforesaid first and second vibration systems has a
higher resonance frequency than that of the other vibration
system, and that the first or the second vibration system is
selectively brought into vibration in correspondence to a
frequency of an exciting current supplied to the aforesaid
coil. - |

In this arrangement, the first vibration sysfem ;s
brought into vibratioﬁ correspondingly to a frequency of the
exciting current supplied to the coil, thereby generating a
body~sensible vibration. On the other hend, the frequency of
the'exciting current supplied to the coil is chanded to bring
the second vibratibeﬁsyStem into vibration for generating a
sound.

More preferably, the plate-~like resilient body
constituting the first vibration system is adapted to vibrate -
in the direction of_the'center line of the frame body and a

soft resilient body is provided on the inner circumferential
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por tabl e devi ce capabl e of selectively generating sound and body-sensible
vibration, characterized in that a first vibration systemand a second:

Vi bration system having different resonance frequencies from each ot her
are magnetically coupled to each other, and that an energy is externally
supplied to the magnetically coupled systens to thereby selectively swtch
between a first state wherein the firstSvibration systemis caused to
vibrate relative to the second vibration systemand a second state wherein
the second vibration systemis caused to vibrate relative to the first

vi brati on ycfagr oy e Soamegbadyt af eSpAceth R She ieny PeshBprraY to a
single unit, the first vibration systemis caused to vibrate for
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Changing, (1S, 2L, o Uhe oGS chlEa ESS, k) R Sf e ks caused 1o
Qf the invﬁé@ifﬁ%nt body attached to the inner circumferential surface

of the frame body, regardless of the orientation of the main

body of the apparatus or even if the apparatus is subject to a

drop'impact or the like.

More preferably, theré is provided a direction
restricting'member_for restricting the plate-like resilient
body to vibration in the direction of the center line of the
frame body, the plate-like resilient body constitutiné the
first vibration system. This prevents the self-oscillation of
the yoke and restricts the yoke to the vibration in the
direction of the center line of the ffame body regardless of
the orientation.of the main body of the apparatus or even if
the apparatus is subject to a drop impact.  Thus, the yoke is
prevented from coming into contéct with the iﬁner |
circumferential surface of the frame body, whereby the
occurfence of abnormal sound is avoided.

More specifically, the vibration generating apparatus
of the invention has an arrangement such.that the first
vibration system comprises one of the plate~like resilient

. bodies and the magnetic field generating element including thé
;yoke and maqﬁet and attached to the plate-like resilient body,

the second vibration system comprises the coil attached to the
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4~ conprises a pair of plate-like resilient bodies opposing each other
within a frane body, one of the plate-like resilient bodies being provided
with a magnetic field generating el ement having a nagnet so as to forma
first vibration system the other plate-like resilient body being provided
with a coil nmagnetically coupled to a magnetic field generated in the
magnetic field generating el ement so as téo forma second vibration system
whi ch apparatus is characterized in that one of the aforesaid first and
has a,_ hi gher resonance frequency than that of the

gte ﬁgpdv?/iblrogﬁa}ﬁﬁ’iﬁ?fn p?égtﬁgﬁkﬁnﬁe?%e‘%ebcf‘w andymagreticadhy’ opBPhedofP syst em
an exci {1 nd EULPERE OpBPPLRFERT RO eh GheypRe, and The paftnis |
arrangenen&esHﬁieBErggdyiPéaéégyiggftégnéﬁ% inner circumferential
surface of the frame body as spaced from the outer peripheral
portion of the yoke.

More specifically, a guide shaft extending throﬁgh the
center of the yoke is provided as the aforesaid direction
restricting member. |

As another specific example of the diredtion
restricting member has an arrangement such that the first
vibration system comprises one of the plate-like resilient
bodies and the magnetic field generating element including fhe
yoke and magnet and attached to the plate-like resilient body,
the direction :estrictinq'member is provided for restricting
the vibration of the yoke to the direction along the center
line of the frame body and a pair of plate-like resilient -
supports as the direction rest;icting member are provided for

lcarrying-the top and bottom surfaces of the outer peripheral
portion of the yoke on the frame body, respectively.

More preferably, a resonance frequency of the first
vibration system is 250 Hz or less, whereas a resonance
frequency of the second vibration system is 600 Hz or more.

More specifically, the hagnetically coupled state of
the first and second vibration systems is established by an

arrangement wherein the first vibration system comprises the



browght into vibration corfespondingly to a frequency of the exciting'

current  supplied to the coil, thereby generating a body-sensible

vi bration. On the other hand, the frequency of the exciting current
supplied to the coil is changed to bring the second vibration systeminto
vibration for generating a sound. More preferably, the plate-like

resilient body constituting the first vitbration systemis adapted to
vibrate in the direction of the center line of the frame body and a soft
resilient body is provided on the inner circunferentj al .
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of the yoke. This prevents the occurrence of abpormal sound caused by the
yoke comi nBaFhES EemteRAtEAk Rndheussst peripheral portion thereof

-projecting toward the other plate-like resilient body, and the
magnet disposed on the inner side of the 6uter peripheral
portion of the yoke, and the.second vibration system comprises
the cylind:ical éoil aftached the other plate;like resilient
body and projecting toward the aféresaid plate~like resilient
body, the coil being positioned between the inner peripheral

iside of the magnet and the outer peripheral side of the
central portion of the yoke. _

More specifically, it is preferred that the plate-like
resilient body of the first vibration system ié formed of a'
hat-shaped metal resilient body including a top surface, a
bottom surface and a'conneéting portion interconnecting the-
top and bottom surfaces.

More specifically, the plate-like :esilient'body of
the second vlbration system includes an annular groove, to
which the coil is fixed for positioning the ceil on the plate-
like resilient body of the second vibration system,.the coil
being magnetically coupled to the magnetié field generated in
the magnetic field generating element of the first vibfation
system. |

. Such a vibration generating apparatus of the invention
is preferably incorporated in the portable devices éuch as

pagers or the like because such an apparatus can realize a



resilient body attached to the-inner circunferential surface of the frame
body, regardless of the orientation of the main body of the apparatus or
even if the apparatus is subject to a drop inpact or the |ike.

More preferably, there is provided a direction restricting nenber for
restricting the plate-like resilient body to vibration in the direction of
the center line of the frame body, the Bate-like resilient body
constituting the first vibration system This prevents the
self-oscillation of the yoke and restricts the yoke to the vibration in
the directlightfeigitc portableidevige t¢rpablanohswitecbdagdbesyesr twde
orientation of the main body of the apparatus or even if the apparatus is
subj ect to kinftoef meddt sighads irelydiag jkeens apshoedyrssrsiBi®ng into
contact with the inner circunferential surface of the franme_body, whereby

the occur refREatgoRhnSUREhesBORE | SURY A RRFtable devigs, LS fEeei fEdm v,

the vibration generating apparatus of the inventiqn ha% ap anran enment
such that t3ehgrmag; sound regardless of the orientation © e device or

even if the device is subject to a drop impact.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view of a vibration'generating
apparatus according to the present invent;on {(first mode
herecof) ;

FIG. 2 is an exploded perspective view of the above
mode;

FIG. 3 is a diagram of an electric ciréuit for driving
the vibration generating apparatus of the above mode;

FIG. 4 is an exploded perspective view of a vibratipn
generating apparatus according to the:invention (second mode
hereof) ;

FfG. 5 is a sectional view of a vibration generating
apparatus according to the invention (third mode hereof) ;

FIG. 6. is an exploded perspective view of the above
mede;

FIG. 7 is a sectional view of a vibration generating
apparatus according to the invention (fourth mode hereof):;

FIG. 8 is an exploded perspective view oﬁﬁthe above

mode;



vt bration system conprises one of the.plate-like resilient bodies and the
magnetic field generating elenent including the yoke and magnet and
attached to the plate-like resilient body, the second vibration system
conprises the coil attached to the

6 other plate-like resilient body and nagnetically coupled to the

I nterior peripheral portion of the yoke, dnd the soft resilient body is
provi ded on the inner circunferential surface of the frane body as spaced
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the fir;t FIG. 10 includes a plan view and a perspective view of
a principal portion of the invention (sixth mode hereof);

FIG. 11 includes a plan view and a perspective view of
a principal portion of the invention (seventh modé hereof);

| FIG. 12 is a sectional view of a vibration generating
apparatﬁs acqording to the.inventién (eighth mode hereof) ;

FIG. 13 is a sectional‘view of a vibration generating
apparatus according to.the_invention (ninth mode hereof);

FIG. 14 is a sectional view of .a vibration generating
appératus according to the invention (tenth mode hereof):;

FIG. 15 is an exploded perspective view showing a
state wheré-a vibration generating apparatus of the invention
is incorporated in a portable device;

FIG. 16 is an exploded perspective view of a prior ért
pertable device; and

FIG. 17 is an enlérged perspective view of a pager

motor as a prior art vibration generating_apparatus;

DESCRIPTION OF EMBODIMENTS
Now, modes of carrying out the present invention will
herein be described with'réference to FIGs. i’through 15.

First Mode of the Invention

FIGs. 1 through 3 illustrate a vibration generating



vi bration system conprises one of the plate-like resilient bodies and the
magnetic field generating el enent including the yoke and magnet and
attached to the plate-like resilient body, the direction restricting
menber is provided for restricting the vibration of the yoke to the
direction along the center ‘1ine of the franme body and a pair of plate-Ilike
resilient supports as the direction resitficting menber are provided for
carrying the top and bottom surfaces of the outer peripheral portion of

Lhe yoke OAdIEatlaB ORIk ESE nelue (o ore preferably,
more. o ESOErS epbEMREY Fran RN LBGRRIoRCtl Pt e idies e
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8a includes at the lower end thereof a pair of opposite
recesses 8d for fittedly receiving prdjections 9a of a first
piate—like resilient body 9. The upper cylinder.body Ba is
formed wifh an annular stepIBe at the upper end thereof for
fittedly supporting a second plate-like resilient body 10.
The upper cylinder body 8a is formed with a resonance aperture
8¢ in thg outer circumferential surface thereof for an effect
of resounding an audible beeping signal. ' . "
The lower cylinder body 8b is shaped like a cyliﬁder
with bottom which is smaller in height than the upper cylinder
body 8a. Thg top surface of the lower cylinder body 8b
cooperates with the recesses 8d of the upper cylinder'body 8a
to hold the projections 9a of the first plate-like resilienf.
body 9 therebetween. The lower cylinder body 8b not only
serves to suppoft the first plate~like resilient body 9 but
also prevents the vibration of the_firsf plate-liké'resilient
body 9 from being hindered by-some other obstacle with which
the first plate-like resilient body 9 comes into contact.
Incidentally, it is preferable to form the upper'and
lower cylinder bodies 8a and 8b of a resin or metal material.
The first plate~like resilient b§dy 9 hés a magnetic

field generating element 13 attached thereto, the magnetic



7 -yoke attached to one of the plate-like resilient bodies and having the
central "and outer peripheral portion thereof projecting toward the other
plate-like resilient body, and the nagnet disposed on the inner side of

t he outer peripheral portion of the yoke, and the second vibration system
conprises the cylindrical coil attached the other plate-like resilient
body and projecting toward the aforesai dlplate-like resilient body, the
coil being positioned between the inner peripheral si.de of the magnet and
the outer peripheral side of the central portion of the

More specifi®ld |gpnaratiagppiemente CAMRALTING @ yoke .1&ean#e§|P%%'fﬁ ideR) of
the first V|brat|on s stemis forned of a hat-shaped _nefal resili ent body-

i ncl udi ng BREEF re, speot b Ak & W™ 18ohh&et Fngt %rY‘?]&%

|t er connegd %g@g;q L3P BB LB SISy surtace of™BhS PEELT caly,
plate~like resilient body 9 and has a constructipn comprising
a base portion lla of a square piate,.ouﬁer peripheral
_portioﬁs llc extending upward from the respective four sides
of the base portion 1lla, a center pole 1llb upstanding from the
center of the base portion lla and having a planar form of
square, and a leg 11d, not shown in FIG. 2, having a
horizontal sectional form of circle and extending downward
from the center of.the base porfion lla as shown in FIG. 1.
Formed at the center of the lqwer surface of the leg 1lld is a
projection lle fitted in a mounting hole % defined at the
center of the first plate-like resilient body 9. The fitting
engagement between the mounting hole 9b and the projection 1lle
facilitates the positioning of the yoke 11 on the first plaﬁe-
like resilient body 9, thus contributing to én enhanced |
productivity. - |

The magnet 12 is attached to the outer peripheral

portion 1llc of the yoke 11 in such a manner that the N-pole
side of the magnet 12 cbntacts tﬁé inner surface of the ocuter
peripheral portion llc of the yoke 11 and the S-pole side
thereof face the outer circumference of the center pole 1lb of
the yoke 11, as spaced therefrom. The magnet 12 is attached

to the outer peripheral portion 1llc in such a manner that the



the ~second vi bration systemincludes an annul ar groove, to which the coi

is fixed for positioning the coil on the plate- like resilient body of the
second vi bration system the coil being magnetically coupled to the
magnetic field generated in the nmagnetic field generating elenent of the-
first vibration “system Such a vibration generating apparatus of

the invention is preferably incorporatéd in the portable devices such as
pagers or the |i ke because such an apparatus can realize a
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of a soft magnetic material sudh as pure iron or thé like and
the magnet 12 is formed of, for example, a rare earth type
magnét material.

The second plate-like resilient body 10 is fitted in
the step 8e defined in the upper end of the upper cylinder
bbdy 8a as opposing the first plate-like resilient body 9 and
has a coil 14 attached thereto. As shown in FIG. 1, the coil
14 is inserted into a magnetic gap between the center pole 1llb
of the yoke 11 and the magnets 12 attached to the respéctive
outer peripheral portions llc of the yoke 11 for establishing
a magnetic coupling relation. |

More specifically, the coil 14 is formed of an enamel
wire prepared by baking a resin material on the surface of a
copper wire, having a substantially squére shape as seen in.
top view and a size to be allowed into space between the inner
peripheral sides of the magnets 12 and the outer |
circumferential side of the center pole 1lb of the ybke 11.
The coil 14 extends downward from the center of the bottom
surface of thé second plate-like resilient body 10 so as to be
positioned at place'of a higher density 6f magnetic flux in
the magnetic field of the ﬁagnetic field generating element 13
comprising the yoke 11 and the magnets 12.

In this manner, the first plate-like resilient body 9
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éven If the device is subject to a drop inpact. BRI EF DESCRI PTI ON OF THE

DRAW NGS FIG 1 is a sectional view of a vibration generating
iappar atus according to the present invention (first node hereof);

FIG 2 is an expl oded perspective view of the above node; FIG 3
is a diagramof an electric circuit for driving the vibration generating
appar atus of the above node; FLS. 4 is an expl oded perspective
view of a vibration generatlng apparatus accordi ng to t he i nvention
(second node, her eof | s a section vi ew . of a vibration

gener at i n@ i RaEiefdG fdehg Fﬁn?ﬁ%t%'?ﬁle%]t‘?“tﬁf“( ﬁfi’“r?&d‘é“ﬁ?r of ) ;
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| nvention ééé’#rfd‘ arBDéjeth%erc%cJ).l) 14 constitute a second vibration system.
| The first plate-like resilient body 9 is formed of a metal
sheet sach as a steel sheet aqd'shaped like a letter "S"._ The
first plate~like resilient'body 9 has a smaller spring
constant than the second plate-like resilient body 10.
- Although a vibration generating apparatus of the
invention can attain a sufficient effect by forﬁing the first
and second plate-like resilient bodies 9 and 10 in the
identical shape, the aforementioned construction provides for
an even lower resonance-frequency of the first vibration
system to thereby accomplish an even more distinct freéuency
difference between the first and the second vibration systems. - &
| The second plate-like resilient body 10 is shaped like
a disc formed of a metal sheet such as a steel sheet. the
second plate-like resilient body 10 has a greatér spring
constant fhan the first plate-like resilient body 9 so that
the second vibration system exhibits a higher resonance
frequency in contrast to the first vibration system.

As shown in FIG. 3, a transistor 15 is interposed in
series with an exciting circuit of the coil 14 of the
vibration generating apparatus thus constructed. The
transistor is switchable by means of an oscillation circuit 16

operable to switch drive signals.



FIG 8is an expl oded perspective view of the above node; _
9 : FIG 9 is a sectional view of a vibration generating apparatus
:according to the invention (fifth node hereof); FIG 10 includes a
pl an view and a perspective view of a principal portion of the invention
(sixth node hereof); FIG 11 includes a plan view and a
perspective view of a principal portiohof the invention (seventh nopde
her eof ) ; FIG 12 is a sectional view of a vibration generating
apparatus according to the invention (eighth mode hereof); - FIG 13
is a sectional vi&heopsalldatiian ¢drguaér A6i Rginabpal by UECBRIERS Y§l o the
i nvention _(ninth node hereof); FIG 14 is_a sectional view of a
vi br ati on ldenefBei Rgansistor 15 is supplied with pulse signals -

alternating between close and open of the circuit. A current

of the same frequency with that of the pulse signal flows

through the coil 14. When the coil 14 is energized, the yoke

11 with the magnets 12 and the coil 14 are brought into

. vibration by an elec¢tromagnetic force, resulﬁing in the

vibration of the first and second vibration Systems.

Incidentally, the CPU 17 is adapted to select a first

frequency for bringing the first vibration system into

resonance and a second frequency for bringing the second

vibration system into resonance.

The CPU 17 applies a pulse signal of 100 Hz, for

example, to the transistor 15 according to a resonance

frequency of the first vibration system so that the vibration

‘generating apparatus itself produces resonance in synchronism

with the aforesaid resonance frequency to thereby generate a

body-sensible vibration. This provides an inaudible signal

indicative of a phone call which does not entail annéyance on

other people.

On the other hand, the CPU 17 applies a pulse signal
of 2.7 KHz to the transistor 15 according to a resonance
frequency of the second vibration system so that the vibration

generating apparatus itself produces resonance in synchronism

with the aforesaid resonance frequency to'thereby'generate an



apparatus according to the invention (tenth node hereof); FIG 15
I s an expl oded perspective view showng a state where a vibration
generating apparatus of the invention is incorporated in a portable

devi ce; FIG 16 is an expl.oded perspective view of a prior art
portabl e device; and FIG 17 is an enlarged perspective view of a
pager notor as a prior art vibration g&Berating apparat.us. DESCRI PTI ON
OF EMBQDI MENTS Now, nodes of carrying out the present invention
will herein be described with reference to FIGs. 1 through 15. First Mode

of the | npswtibde beeping sfgual. l1operatiigly 29 IthessPgaKes-vi brati on

generating The first vibration system exhibits a lower resonance
frequency than the second vibration system because the first
plate-like resilient. body 9 constituting the first.vibration
system has-a smaller spring constant and the first vibration
system has a greater mass due to the inclusion of the maqnetic
field generating element 7 accounting for most of the mass of
the vibration generating apparatus.

In contras;, the second vibration system exhibits a
higher resonancé frequency because the second plate-like
resilient body 10 constituting the second vibration system has
a greater spring éonstant and the second vibration sysﬁem has
a smaller mass due to the inclﬁsion of only the coil 14 with a
small mass énd the second plate-like résilient body 10.

The resonance aperture 8C defined in the frame body 8
provides an even greater level of the audible beeping-signal
by virtue of the resonant effect, which audible beeping signal
is produced by the resénance of the second plate-like
resilient body 10. This allows a sufficient signal sound to
be attained with a low energy. More specifically, the
following theoretical expression of Helmholtz and experimental
results suggest that an appropriate sectional area of the

_resonancé aperture 8c be in the range of 0.1 to 4 mm?.
The theoretical expression of Helmholtz expresses the

frequency "f" as follows:



10 - apparatus of a first node hereof. ' A cylindrical frane body 8
I ncl udes an upper cylinder body 8a and a | ower cylinder body 8b. The upper
<yl inder body 8a includes at the | ower end thereof a pair of opposite.
recesses 8d for fittedly receiving projections 9a of a first plate-Ilike
resilient body 9. The upper cylinder body 8a is formed with an annul ar
step 8e at the upper end thereof for -flig@tedly supporting a second
plate-1ike resilient body 10. The upper cylinder body 8a is forned with a

resonance aperture 8c in the.,outer circunferential surface thereof for an

effect of resoundlifg’ dn QIi)bVE beeping signal . The | ower
cyl i nder bodg 8b | s,shaped like a cylinder with bottomwhich is snaller in-
hei ght t h4ReFRENUpPerdeNRteridr Seps4onah. ager ebptherfeRqnNaics RPSCSHER

cylinder Rody, cooperates with the recesses 8d of the upper cylinder
body 8a pS' ho{;g EROTTD 2 Malome 85 B?‘etﬁ’éaq“? r%‘?‘%bléd_t e{}fi lé%“roéﬁsl Pent body

9 therebet n. The lower_cylinder body 8b pot on
d!ggance Tn' HE resonance apergure 55 spanggng the outer

) circumferential surface and the inner circumferential surface
of the frame body 8, and "c" denotes the velocity of sound in
the air.

It is preferred to set the respective resonance
frequencies of the first and second vibration systems such
that the frequency of the body-sensible vibfation produced by
the first vibration system is 250 Hz or less and the frequency
of the beeps produced by the second vibration system is 600 Hz

- or more. The frequency of the second vibration system is set
to a level of not smaller than 600 Hz because the loudness
curve of IS0226 (1961) or the like indicates that the
vibration at 600 Hz or more produces an audible sound at a low
sound pressure level. That is, a low vibration energy can
produce such a sound that can be perceived by human. The
frequency of the first Qibration system is set to a-level of
not greater than 250 Hz because the loudness curve or the like
indicates that the vibration at 250 Hz or less produces such a
sound that cannot be pefceived by human. As a result, only
the mechanical vibration may be transferred.

- In this manner, a single body of the vibraﬁion

generating apparatus is capable of genefating two kinds of



serves to support the first plate-like resilient body 9 but also prevents
the vibltation of the first plate-like resilient body 9 from being hindered
by sonme other obstacle with which the first plate-like resilient body 9
comes into contact. Incidentally, it is preferable to formthe
upper and |ower cylinder bodies 8a and 8b of a resin or metal material.
The first plate-like resilient body 9 hat7a magnetic field generating

el enent 13 attached thereto, the nagnetic field generating

el ement conpr|3|n a_yoke 11 and a pl at e-| magnet  12. More

speci fi cal CLl a§18ﬂ6%% +ﬁc¥#Q}“§2 Qﬂﬂ§ f@@ebffy'?§ 8ikbBsBPEAt ¥ center of
the top surface of the fi I ke ;resilient body 9 and ha

constructi &ﬁ“ESnp?-PE?ﬁB“%t’dé%e”}ﬁ)r‘ﬁ%?ti-i’& Hﬁnﬁrgﬁbﬁg ea%?%ﬁ%t“%lﬁérthe

per'pherallnventlon into portable devices may eliminate the need for

incorporating two elements of the speaker 2 and pager motor 3
which are employed by the prior art. This contributes to a
reduced weight and number of components of the portable device.

The aforementioned vibration generating apparatus is
applicable to portable devices such as a pager, wrist watch
and the like, as ineorporated therein. Then, for example, |
such a portable device is adapted to allow.the pager carrier
to select either the audible beeping signal or the body-
sensible vibfation by way of a switch. Alternatively, the
portable device may have an arrangement_such that the
aforesaid CPU 17 causes the pulse signal of the first
frequency and the pulse signal of the second frequency to
alternate at regular time intervals whereby the audible
beepiné signal and the body-sensible vibretion are:alternately
geﬂerated.'

| The magnetic field generating element 13 of the

aforementioned construction suffers less leakage of magnetic
flux than a construction wherein the magnet is disposed at the
center of the yoke. 1In addition, sueh a construction allows
for a short coil type coil 14, thus offering merits in terms

of magnetic efficiency and downsizing.



ports ons 1lc extending upward fromthe respective four sides of the base
portion 1la, a center pole 11b upstanding fromthe center of the base
portion 1la and having a planar formof square, and a |l eg 11d, not shown
in FIG 2, having a horizontal sectional formof circle and extending
downward fromthe center of the base portion 1la as shown in FIG 1.
Formed at the center of the lower surfackEof the leg 11d is a projection
1lle fitted in a mounting hole 9b defined at the center of the first
plate-1ike resilient bogy 9. The fitting engagenent between the nmounting
hol e 9b andeCRBIpMBARCPT ohha Tventdiom t at es the positioning of the yoke 11

on the first plate-__like resilient body 9, thus contributing to ,an
enhanced producti@?@y.i< lfluStrat?ﬁeanﬁéHEFti?ni%e%ﬁ¥§ﬁﬂﬂ§i§é¥QH9§u5uter

peri pheral _ portion llc_of the yoke 11 in_such a manner that the N-pole
si de of th@cﬁﬁﬁﬁéPgléoc%n?%%ng%ﬁ?ﬁ #ﬁ§?°50rface of the outer periphera

porton H1c of INERYOKS t ko SeiRte, pdEalleg Huldi MROE

The magnet g2k s abEaEhsd system according to the first mode hereof, a
metal sheet is stamped int® a cross shape, the four sides of
which are bent upward to form the yoke 11 including the base
‘portion 1la, four outer peripheral portions 11c and the like
while the coil 14 is shaped like a square cylinder to
correspond to the shape of the yoke 11. .Aécording to the
second mode hereof, the magnétic field éeneratiné element 13
comprises a pot-type yoke 18 shaped like a round pot and an
annular magnet 19 attached to the interior Side of the pot-
shaped yoke 18 while the coil 14 is wound in the form of
cylinder. The magnet 19 is so magnetized as to have the N-
pole on.the outer circumfefential sidé thereofland the S-pole
on the inner circumferential side..lIndicated at 18a is a
center pole of ﬁhe yoke 18. The construction of the other
portions is the same as that of the first mode of the invention.

The above construction may attain a similar effect to

that of the first mode hereof and also prevent the occurrence
of unstable vibration caused by mass unbalance in the first

vibration system.

Third Mode of the Invention



to the outer peripheral portion 11c in such a manner that the o
| ower end thereof does not contact the base portion 1la, as spaced
therefrom It is preferred that the yoke 11 is forned of a soft nagnetic

12

mat eri al
exanpl e,

such as pure iron or the |like and the nagnet 12 is forned of, for
a rare earth type magnet nmaterial. The second plate-Ilike

~resilient body 10 is fitted in ‘the step1®%e defined in the upper end of the’
upper cylinder

and

has a coi

body 8a as opposing the first plate-like resilient body 9
14 attached thereto. As shown in FIG 1, the coil 14 is

inserted into a madi#&si.c Sgapdbét iekusttate entvibgadlionl gbnegdtihg yoke 11
and the magnets 12 attached to the respective outer peripheral portions
11c of the 3RRA@raAtMS @ccesdibli §fi agthird mode hereof.

The first plate-like resilient body 9 of the first

mode hereof is shaped like a flat plate. On the other hand,

the first resilient body 9 of the third mode has a planar form

of volute and a sectional form of hat with a central pbrtion

9c thereof raised. Formed at the central portion 9¢ thereof

is a mounting hole 9b. The first resilient body 9 has an

outer diameter portion thereof sandwiched between an upper

cylinder body 20a and a plate-like bottom cover 20b. A

resonance aperture is indicated at 20c.

Such a construction may also attain a similar effect

to that of the second mode hereof.

Foﬁrth Mcde of the Invention

FIGs. 7 and 8 illustrate a vibration generating

apparatus according to a fourth mode hereof.

The third mode hereof includes nothing in space

- between the upper cylinder body 20a and the outer pefipheral

portions of the yoke 18. In the fourth mode hereof, however,

an annular soft resilient body 21 such as formed of a rubber

material is secured to the upper end portion of the inner

circumference of the upper cylinder body 20a.

The second plate-like resilient body 10 is formed with

an annular groove 10b at the center thereof for easy



a magnetic coupling relation. More specifically, the coil 14 is
formed 'of an enanel wre prepared by baking a resin material on the
surface of a copper wire, having a substantially square shape as seen in
top view and a size to be allowed into space between-the inner peripheral
sides of the magnets 12 and the outer <circunferential side of the center
pole 11b of the yoke 11. The coil 14 e@0ends dowward fromthe center of
the bottom surface of the second plate-like resilient body 10 so as to be
positioned at place of a higher density of magnetic flux in the magnetic
field of tPReHuipng ofi &bg gehér i nehbenkhimauntad e tdengnpnéayoke 11
and the magnets 12. In this manner, the first plate-like resilient
body 9 groove 10b. 13

The arrangement is made such that a distance.“X“
between the coil 14 mounted to the second plate-like resilient
body 10 and the magnet 19, and a distance "Y" between a center
pole 18b of the yoke 18 and the coil 14 are both greater than
a distance "Z" between-fhe soft resilient body 21 and thé
outer peripheral portions 1éc of the yoke 18.

In the vibration generating apparatus.of_this
construction, the CPU 10 of FIG.'3 is adapted to drive the
coil 14 either at the first frequency for bringing the first
vibration system into resonance or at the second frequency for
bringing the second vibration system into_résonance. Thus,
when driven at the first frequency, the vibration generating
aﬁparatus generates thé body-éensible vibration as the
inaudible call signal without annoying people nearby. When.
driven at the second frequency, the apparatus generates Ehe
audible beeping signal, operating aé the speaker.

More specifically, the resonance'frequency of thé
first plate-like resilient body 9 with the magnetic field
generating element 13-mouﬁted thereto is set to 50 to 150 Hz,
while the resonance frequency of the second plate-like
resilient body 10 is set to 2 to 3 KHz. For example, a
current at a specified frequency of not greater than 250 Hz as

the first frequency is applied to the coil 14 to thereby bring



and-t he magnetic field generating el enent 13 constitute a first vibration
system whereas the second plate-like resilient body 10 and the coil 14
constitute a second vibration system- The first plate-like resilient body
9 is fornmed of a nmetal sheet such as a steel sheet and shaped like a
letter "S". The first plate-like resilient body 9 has a smaller spring
constant than the second plate-like resi2ient body 10. -~ Although a
vi bration generating apparatus of the invention can attain a sufficient
effect by form.ng the first, and second plate-like resilient bodies 9 and
10 in the thaeﬁ+F§*a| plsﬁ%&feu%éeéﬂéﬂ@ﬁﬁngpémea EBFRt FRRINEDITRA des for

an even | ower resonance frequency the first vibration ésten1to t her eby

acconpl i shPaf E?éﬁgnﬁﬁ% RREfTSRYS Uéﬁf?tlapffeQ%nEQEtﬁﬁ fae frst
dth d br at | | t
body 10 | <cORamEh TEia REUER £reayenpyachotal SHeLkS iR '@ 3@2'@ ent

sheet. The_, second

d
constant t h8R ?ﬁ%"?‘? €’fe?)‘f%ﬁ%’-’lr &%é: IF%%%“P gn%/lﬁoﬁ?/ggms%q{ eqihe ¢

to thereby bring the second plate-like resilient body 10 into
resonance for producing the ;ugible beeping signal.
The annulaf magnetic field generating element 13

. comprised of the annular yoke 18 and magnet 19 suffers less
leakage of magnetic flux than the construction whereln the
magnet is dlsposed at the center of the yoke. This offers an
advantage of enhancing the magnetic efficiency_and downsizing
the apparatus. In addition, the annuiar magnetic field
generating element 13 and coil 14 may prevent an unstable
vibration due.to.mass unbalance.in the first vibration system
and also, contributes to a further increased pﬁoductivity.

' The provision of the annular soft resilient body 21
allows the self—oscillation'of the yoke 18 to be accoﬁmbdated
regardless oflthe orientation of the vibration generating
apparatus or even if the apparatus is subject to a drop
impact. This prevents the occurrence of abnormal sound caused
by the yoke 18 coming into contact with the inner
circumferential surface of the frame body 8. It is preferred
to use a rubber type sealing material or the like for the soft

resilient body 21.



“the second vibration system exhibits a higher resonance frequency in
contrast to the first vibration system As shown in FIG 3, a
tsransi stor 15 is interposed in series with an exciting circuit of the coi
14 of the vibration generating apparatus thus constructed. The transistor
IS switchable by nmeans of an oscillation circuit 16 operable to swtch
drive signals. 22 14 The
oscillation circuit 16 principally conprises CPU 17. The transistor 15 is

supplied w th. pulse. si s .alternating between close and open of the
circuit. Aé’tﬁﬁé °deof%]ﬁ:é’e$&ﬁé’ef¢éaﬁency with that of the pul se signal

[hone i oush the gt o IERa LS £l aone T U tnibhuigle 12
In the fourth mode hereof, the annular soft resilient
body 21 is disposed on the inner circumference of the uppér
.cylinder body 20a. 1In the fifth mode hereof, however, soft
resilient bodies 2la and 21b are provided on the first and
second plate-like resilient bodies 9 and 10, respectively, as
shown in FIG. 9. The soft resilient bodies 2la and 21b has
lengths including an overlapping portion W for respectively
overlapping the upper and lower end portions of the yoke 18
such that the vibration of the yoke 18 may be restricted to
one direction without being attenuated. This can prevent the

occurrence of abnormal sound.

- Sixth Mode of the Invention

FIG. 10 illustrates a sixth mode hereof.

In the fourth que hereof, the annular soft resilient
body 21 is provided on the inner circumference of the upper
cylinder body 20a. Alternatively, the sixth mode hereof may
employs semispherical projections Zic, as shown in FIGs. 10a
and 10b. With these separate projections such as formed of a
resin material or the like, the yoke 18 suffers less
attenuation §f the vibration theréof as compared to the case
of the annulér soft resilient body. Such a'consfruction

further offers an advantage of easy fabrication.



vibration by an el ectromagnetic force, resulting in the vibration of the
first and second vibration systens. Incidentally, the CPU 17 is adapted to
select a first frequency for bringing the first vibration systeminto
resonance and a second frequency for bringing the second vibration system
I nt o resonance. The CPU 17 applies a pulse signal of 100 Hz, for
exanple, to the transistor 15 according 23 a resonance frequency of the
first vibration systemso that the vibration generating apparatus itself
produces resonance in synchronism wth the aforesaid resonance frequency"
to thereby Seyeath dede fdyEheeA8VBRELORbrati on. This provides an inaudible
signal indicative of a phone call which does not entail noyan on
ot her peopl e. FIG. &4 ﬂﬁéuéFﬁéFeﬁa%d?eY?ﬁFq}ﬂ9§%’Qﬂﬁﬁcggs np%ﬁ?e si gnal
of 2.7 KHz to the transistor_ 15 according to_a resonance. frequengy of the
second vi brE@wEh M%rﬁ%ﬁ?%fha_lthfahénm‘iﬁgt PRt 5%?1’2]?‘%&‘} gboéz{gpglriaf'%s itself
produces 1 esonances | 0, SIS T, Wk PetDRe2" Ok cofl dufsaP AR LtoBHapeY
' 20a. Alfernatively, the seventh mode hereof may include
stick-like vertical projections Zld disposed on the inner
circumference of the upper cylinder body as spaced from each
other, as shown in FIGs. lla and 1lb. With such projections
formed of a resin material or the like and spaced from each
other, the yoke 18 suffers less attenuation of the vibration
thereof as compared'with the case of the annular soft
resilient body. The construction further offers an advantage

of easy fabrication.

.Eighth Mode éf the Invention

FIG. 12 illustrates an eighth mode hereof.

In the fourth mode hereof, the annular soft resilient
body 21 is provided on the inner‘circumference of the upper
cylinder body 20a. In the eighth mode hereof, the soft
resilient body 2le may have a free end portion 21f, as shown -
in FIG. 12. In this case, the soft resilient bédy may have an
annular shape or may be disposed on the circumference as
spaced from each other. The provision of the free end portion
21f allows the vibration of the yoke 18 to be more flexibly

accommodated, thus preventing the vibration thereof from being



I5 _audi bl e beeping signal, operating as the speaker. The first
vi bration systemexhibits a | ower resonance frequency than the second

vi bration system because the first plate-like resilient body 9
constituting the first vibration systemhas a snaller spring constant and
the first vibration systemhas a greater nmass due to the inclusion of the
magnetic field generating element 7 acceynting for nost of the nass. of
the vibration generating apparatus. In contrast, the second

vi bration systemexhibits a higher resonance frequency because the second
pl ate-1i ke ateshhatsd Wiidye kRstenstihgt thg ¢ilersteibomdhddecd itonoagst em has
a greater spring constant and the second vibration systemhas a smaller
mass due todikectixetusion of only the coil 14 with a

Ninth Mode of the Invention

'FIG. 13 illustrates a ninth mode hereof, which further
includes a guide shaft 22 extending through the center of the
yoke 18. The guide shaft 22 has a base portion thereof
secured to the bottom cover 20b of the frame body 8 whereby
the yoke 18 vertically movable as carried on the first plate-
like resilient body 9 is allowed to vibrate along the gﬁide
éhaft 22. The construction of the other porﬁions is the same
with the fourth mode hereof.

This construction allows the yoke 18 to always vibrate
in one direction regardless of the orientation of ﬁhe
vib:ation'generating apparatus or even if the apparatus is
subject to a drop impact. Ihus is prevented the occurrence of
abnormal sound caused by the yoke 18 coming into contact with

the inner circumferential surface of. the frame body 8.

Tenth Mode of the Invention

FIG. 14 illustrates a tenth mode hereof, wherein the
outer peripheral portion of the yoke 18 has the top surface
and bottom surfaces thereof céupled to the inner
circumferential surface of the frame body 8, respectively, by.

means of resilient supports 23a and 23b having resilience and



smal L mass and the second plate-like resilient body 10. The
resonance aperture 8C defined in the frame body 8 provides an even greater
l.evel of the audi ble beeping signal by virtue of the resonant effect,

whi ch audi bl e beeping signal is produced by the resonance of the second
plate-like resilient body 10. This allows a sufficient signal sound to be
attained with a | ow energy. Mre specifi% lly, the follow ng theoretical
expression of Helmholtz and experinental results suggest that an
appropri at ea 9ftig-Qixla ahapeof the resonance aperture 8c be in the range of

0.1 to 4 mjerr]. . The theoretical expression of Hel nholtz
expresses the freliEhcyhis copsgmyctdas, the yoke 18 vertically movable
16 as %SinggrELLLgérkfggg)JfgigLﬁgkgrLLsilient body 9 is brought

into vibration, the direction of which is restricted by the
resilient supports 23a and 23b. The construction of the other
portions is the same with the fourth ﬁodé hereof.

_ Hence, the yokxe 18 is adapted to vibrate always in one
direction regardless of the orientation of the vibration '
generating apparatus or even if the apparatus Ls subject to a
drop impact. This prevents the occcurrence of abnormal seund

~caused by the yoke 18 coming into coatact with the inner
circumferential surface of the frame body 8.

_ Further, it is possible to do without the first plate-

like resilient body 9 by making the resilleat support 23b to

function also as said resilient bedy 9.

Eleventh Mode cf the Invention

FIG. 1S5 illustrates an eleventih mode hereof. The
figure shows a state wherein a vibration geherating apparatus.
A (of the fourth mode hereof) is installed within a casiag 1
of a pager in a similar manner to the case of any one of the
aforesajid modes hereof. '

' Mounting the vibration generating apparatus of the
invention allows the receipt of a call signal to be
selectively informed by way of sound or vibration, thus
eliminéting the need for incorporating the speaker 2 which is
employed by the prior art shown in FIG. 16. |

Here, a vibration generating force produced by the



wherein "S" denotes a sectional area of the resonance aperture 8c, "V
denotes 'a volume of the frane body 8, "L" denotes a distance in the
kesonance aperture 8c spanning the outer circunferential surface and the
inner circunferential surface of the frame body 8, and "c" denotes the
velocity of sound in the air. It is preferred to set the
respective resonance frequencies of thedirst and second vibration systens
such that the frequency of the body-sensible vibration produced by the
first vibration systemis 250 Hz or .l ess and the frequency of the beeps
produced bpride aetomtrandsmentoshoyst dm FEG60D6 Hras orompared Widhf tdgliency
of the second vibration systemis set to a level of not smaller than 600
Hz becausecfhe YiekRleken generating| sppasatuscef bhetirventdon nhih@at es t hat
the vibration at 600 Hz or_nore produces an audi bl e sound at. a | ow  sound
pressure | 8b@hthpege kerepfloghewer ani BRGent? gyhteh 19kl lafdwikhiBund
that can be gercelved by human. The frequency of the first vibration

systemis EBE $3shng el AE dihe pager.

In the conventional pager motor 3 for use in the
pager,'the coreless motor 4 had a diameter of 6.0 mm¢ and a
_length of 14.5mm, the weight 6 had a diameter of 6.0 mm¢, a
length of 4.5 mm and a weight of 1.2 g; the vibration produced
by the.rotating shaft rotated at the speed of 7500 rpm
exhibited the frequency of 125 Hz. At this time, the
vibration generating force caused by the centrifugal force was
' 0.95 N.

On the other hand, the whole body of the vibration
generating apparatus A of FIG. 12 had an oﬁter diameter of 17
mnd and'a height of 6.2 mm, the soft resilient bodies 21 were
mounted to three places as shoﬁn in FIG. 11, the yoke 18 was
formed of Permally and 4.3 g in weight, and the first plate-
like resilient body 9 was formed of stainless steel and 0.1 mm
in thickness. When the coll 14 was driven at the fréquency of
70 Hz, the vibration generating force was 1.00 N.

As apparent from this comparison, the vibration
generating apparatus A produces as much vibration generating
force as the pager motor 3. Since the vibration generating
apparatus'A is-brought into vibration at a lower frequency |

than the pager motor '3, the vibration generating apparatus



not greater than 250 Hz because the | oudness curve or the |like indicates
that the vibration at 250 Hz or | ess produces such a sound that cannot be
per cei ved by human. As a result, only the nmechanical vibration nay be
transferred. In this manner, a single body of the vibration
generating apparatus i s capable of generating two kinds of

17 call signals including beeps and bo#y-sensi ble vibration. Hence,

i ncorporating the vibration generating apparatus of the invention into
portabl e devices may elimnate the need for incorporating two el enents. of
t he speakerc@388dapageatadt displacanert afe theplepddgb) ofietheimageart. This
contributes to a reduced weight and nunber of conponents of the portable
devi ce. during yiRrafdPRnenthohad havs shicosaddneianahgbrpray fis is

vibration to be more readily perceived by the pager carrier.

The comparison of the vibration generating apparaﬁus A
and the speaker 2 was made on the characteristic of the
audible beeping signal. The speaker 2 of FIG. 16 was 10 mm¢
in diameter and 7 mm in length. The level oflsound pressure
at the peak frequency as measured at place 10 cm away from the
speaker was 85 dB at about 2.7 KHz.

In the case of the vibration generating apparatus A,
the level of sound pressure at the peak frequency as measured
at place 10 cm away from the second plate~like resilient body
10 was not smaller than 94 dB at about 2.7 KHz. The level of
sound pressure at the peak frequency as measured at place 10
cm away from the resonanée aperture 8c was not smaller than 90

dB at about 2.7 KHz.



appticable to portable devices such as a pager, wist watch and the Ilike,
as incorporated therein. Then, for exanple, SUCD“Q‘EQLLEELghgﬁéngeiS
adapted to allow the pager carrier to select either the audi

signal or the body- sensible vibration by way of ”"ﬂm ' tlvely,
the portable device may have an arrangenment such "m ""gm m d CPU
17 causes the pul se signal of the first 28frequency *and t he pulse *si gnal of
the second frequency to alternate at regular tine intervals whereby the
audi bl e beeping signal and the body-sensible vibration are alternately
gener at ed.What is clafmedmignretic fiel d generating el ement 13 of the

af orenentioned construction suffers | ess | eakage of magnetic flux than a

‘constructibn mher@|WeFﬁédnﬁaﬁegeF%r%ﬁ%ﬂﬁnﬁk?%ﬁt%Qﬂaaﬂ@éﬁ?éplﬁf ?h® yoke. In

addi tion, such construction allo for a short coil type coil 14, thus
of fering RITY %§1%1qﬁﬁﬁiﬁ cgpa Sn@f?ﬁe%$?Fkﬁ%%¥aﬂ%ﬂﬁf SSPMRY. oF

body-sensible vibration, characterized in that:

a first vibration system and a second v;bratlon system
having different resonance frequenciés’ from each other are
magnetically coupled to each other; and

energy is éxternally supplied to said magﬁetically
coupled sfstems thereby to selectively switch betwéen a-firét
state wherein the first vibration system is caused to vibrate
relative to the second vibration system and a second state
wherein the second vibration system is caused to vibrate
relative to the first vibration syétem.
2. _A vibration generating apparafus comprising a_pair of
plate-like resilient bodies (9, 10) opposing each other within
a frame body (8), one (9) of said élate-like resilient bodies
beiné provided with a magnetic field generating element (13)
having a magnet so as to form a first vibration system, the
other (10) of said pléte—like resilient bodies being-provided
with a coil (14) magnetically coupled to a magnetic field
generated in said magnetic field generating element (13) so as
to form a sécond vibration systemn,
.characterized in that:

one of said first and second vibration systems.has_a

higher resonance frequency than that of the other vibration



18 - Second Mode of the Invention FIG 4 illustrates a vibration
gener ating apparatus according to a second node hereof. As to th
mmagnetic field generating elenment 13 of the first vi ' system :
according to the first node hereof, a netal sheet /mm
c

ed in r oss
shape, the four sides of which are bent upward to ' .
. ﬁgéand t he
cotre

i ncludi ng the base portion 11a, four o@®er periphera

like while the coil 14 is shaped like a square cylinder to ond to
t he shape of the yoke 11. According to the second node hereof, the - _
magneti ¢ fI%IeEerddat i ng el ement 13 conprises a pot-type yoke 18 shaped

| i ke a round pot and an annul ar magnet 19 attached to the interjior side of
the pot- shaped PdEBersthfi fersherkdihe meqand\ithgataopnaysbem by

cylinder. The net 19 is.so.nagnetized as to have the N-
y se eég¥%éiy %rought intg v{bration in correspondence to a

frequency of an exciting current supplied to said coil (14) .
3. A vibration generating apparatus as set forth in Claim
2, wherein the plate-like resilient body (9) constituting the
. first vibration system is arranged t§ vibrate in the direction
of the center line of the frame body (8) and a soft resilient
body is disposed on thé inner circumferential surface of the
frame body (8) as spaced from the outer peripheral portion of
a yoke.
4. - A vibration generating apparatus as set forth in Claim
2, further including a direction restricting member for
restricting the plate-like resilient body (9) of the first
vibration system to vibrate in the direction of the center
line of the frame body (8).
5. A vibration generating_apparatus'és set forth in Claim
2, whefein; |

the first vibration system comprises a magnetic field
generating element (13) including a yoke {18) and a magnet
(19) and attached to one (9) of the plate-like resilient bodies,

the second vibration system comprises the coil (14) .
magnetically coupled to the intérior peripheral portion of
said yoke (18) and attached to the other plate-like resilient

body (10}, and



ﬁole.on the outer circunferential side thereof and the S-pole on the inner
circunferential side. Indicated at 18a is a center pole of “yoke 18.
The construction of the other portions is the s hat (‘&t\‘ first

mode of the invention. The above constructi & a simlar
effect to that of the first node hereof and al so\ \g\\ ceurrence
cf | Fst

of unstabl e vibration caused by nass unh® ance in vi bration
system . Third Mode of ‘the Invention _
19 FIGs. 5 and 6 illustrate a vibration generatin appar at us

according to a thiadsoffdedndddent body (21) is disposed on the inner

circumferential surface of the frame body (8) as spaced from the
outer peripheral portion of said yoke (18).
6. A vibration generating apparatus as set forth in Claim
2, wherin; |

the first vibration system.éomprises one (9) of the
plate-like resilient bodies and the magnetic field generating_
element (13) including a yoke (18) and a magnet (19) and
attached'to the plate-like resilient body (9),

said yoke (18) including a directién restricting
member for restricting the vibration to the direction of the
center line of the frame body (8), and

a guide shaft (22) as the direction restricting member
extends through the center of said yoke (18).
7. A vibration generating apparatus as set forth in Claim
2, wherein;

the first vibration system comprises one (9) of the
plate-like resilient bodies and the magnetic field éenerating
element (13) including a yoke (18) and a magnet (19}'and_
attached to the plate-like resilient body (9),

said yoke (18) inclﬁding a direction restricting
member for.restricting the yoke to  vibratie in the dire;tion' i
of the_center line of the frame body {8), and

a pair of plate-like resilient supports (23a, 23b), as

"the direction restricting member, are provided for carrying



The first plate-like re5|I|ent body 9 of the first node hereof is shaped

like a flat plate. On the other hand, the first res¢i4£#u_4xﬁgpékfﬁ—%he

tshi rd node has a planar form of volute and a sectional for
central portion 9c thereof raised. Forned at the c mu II“!“ "!'i M[IM
thereof is a mounting hole 9b. The first resilient ter
di anmeter portion thereof sandw ched betwd®n an upper cyllnder body 20a and
a plate-like botton1cover 20b. A resonance aperture is indicated at 20c.

Such a cons% ruction also attain a simlar effect to that of the second
mode her eofP® °P06Pfih R/B'El%mo?“‘fﬁ?é:‘%%\?énttiht?nouter periphegal Poffiqn of

illustrate a vj br ener at tus according to a fourth node
her eof . aid yo ﬁe?Bthd ?ﬁmé¥$hﬁ cl&&@?eﬁﬁﬁﬂﬁﬂﬁ in space between
t he upper gylinder b 20a and t he outer eri pheral s of the yoke
18. In the%fourth ggﬁ%F%ﬁﬁ IS5 RaFePY aBBaﬁﬁEHFa?ssﬁ # rhl%ﬂﬂ?%&&ay 21

such as fo%qeghggefnrgbggéonance frequency of the first vibration system
is ﬁot greater .than 250 Hz and a resonance frequency of the
second vibration system is not smaller than 600 Hz.
9. A vibration generating apparatus as set forth in Claim
2, wherein; |
the first vibration'system comprises a yoke (lé)
attached to one (9) of the plate-like resilient bodies, with |
the central énd outer peripheral'portions of said yoke being
prOJected toward the other plate—llke resilient body (10), and
a magnet (19) disposed inside of the outer perlpheral portion of
said yoke (18), and
the second vibration_system comprises a cylindrical
~coil (14) attached to the other plate—like resilient body (iO)
so as to project toward the plate-like resilient body (9), s%id
coil 14 being positioned in place between_the inner_peripheral
side of said magnet (19) and thé outerlcircumferentiél side of
the central portion of said yoke (18). |
10. A vibration generating apparatus as set forth in Claim
2, wherein the plat_:e?-like resilient body (9) of the first
vibration system is formed of a hat-like metal resilient body
including a top portion, a bottom portion on the periphery of

said top portion, and a connecting portion interconnecting



material is secured to the upper end portion of the inner circunf erence of
the upper  cylinder body 20a. The second pIate—%rke—+es+LLenL_bnd¥

10 is fornmed with an annular groove 10b at the center

for eas
20 positioning of the coil 14, which is nounted to t:j lu""ﬂgjﬂﬂ
10b. The arrangenent is nade such that a di's

the coil 14 nmounted to the second plate-32ke resilient body 10 an t he
‘magnet 19, and a distance "Y' between a center pole 18b of the yoke 18 and
the coil 14 are both-greater than a distance "Z" between the soft

resilient Ised¢ 2opapndibettomirartd®nispheral portions 18c of the yoke 18.

‘I'n the vibration generatlng apparatus of this
11. vibration generating apparatus as set forth in Claim

2, wherein the plate-like resilient body (10) of the second
vibration system includes an annular groove (10b) to which the_
coil (14) is fixedly positioned, said coil (14) being
magnetically coupled to a magnetic field genérated in the
magnetic field generating element (13) of the first vibration
system.

12. A.portable device incorporating the vibration

generating apparatus as set forth in Claim 2.



gonstruction, the CPU 10 of FIG 3 is adapted-to drive the <coil 14 either
at the first frequency for bringing the first .vibration systeminto
Fesonance or at the second frequency for bringing the second vibration
systeminto resonance. Thus, when driven at the first frequency, the

vi bration generating apparatus generqiep the body-sensible vibration.as
the inaudible call signal w thout annoyi ng peopl e nearby. \Wen .driven at
tshe second frequency, the apparatus generates the audible beeping signal,

" operating as the speaker. More specifically, the resonance
frequency of the first plate-like resilient body 9 with the magnetic field
~generating element 13 nounted thereto is set to 50 to 150 Hz, while the
resonance frequency of the second plq:qLCik resilient body 10 is set to 2
to 3 KHz. For exanple, a current at 'a citfi ed frequency of not greater
than 250 Hz. as the first frequency is applied to the coil 14 to thereby
‘bring '
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24 the first plate-like resilient body 9 into resonance for producing

t he body-sensible vibration. On the other hand, a current at a specified
f¥ equency of not smaller than 600 Hz as the second frequency, for exanple,
is applied to the coil 14 to thereby bring the second plate-like resilient
body 10 into resonance for producinggtfi¢ audi bl e beeping signal.

The annul ar magnetic field generating elenent 13 conprised of the annul ar
yoke 18 and magnet 19 suffers less |eakage of magnetic flux than the
construction wherein the magnet is disposed at the center of the yoke.
This offers an advantage of enhancing the nmagnetic efficiency and

downsi zing the apparatus. In addition, the annular magnetic field
generating el enent 13 and coil 14 na*zfr vent an unstable vibration due to
mass unbal ance in the first vibratio &st and al so, contributes to a
further increased productivity.




The provision of the annular soft resilient body 21 allows the
self-oscillation of the yoke 18 to be accommbdated regardless of the

ori entation of the vibration generating apparatus or even if the apparatus
is subject to a drop inpact. This prevents the occurrence of abnormal
sound caused by the yoke 18 com ng inggqgontact with the inner
circunferential surface of the frame body 8. It is preferred to use a
rubber type sealing material or the like for the soft resilient body 21.
22 Fifth Mbde of the Invention FIG 9 illustrates.a fifth node of
the invention. In the fourth node hereof, the annul ar soft
resilient body 21 is disposed on the inner circunference of the upper
cylinder body 20a. In the fi fth'm)de.?._etecgf:3 however, soft
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resilient bodies 2la and 21b are provided on the first and second
plate-like resilient bodies 9 and 10, respectively, as shown in FIG 9.
The soft. resilient bodies 2la and 21b has |engths including an overl apping
portion Wfor respectively overlapping the upper and |ower end portions of
the yoke 18 such that the vibration of/{fe yoke 18 may be restricted to
one- direction w thout being attenuated. This can prevent the occurrence of
abmor mal sound. Si xth Mbde of the Invention FIG 10 illustrates
a sixth node. hereof. In the fourth node hereof, the annul ar soft -
resilient body 21 is provided on the inner circunference of the upper
cylinder body 20a. Alternatively, the sixth node hereof may enploys

sem spherical projections 21c, as show&;fesggfs. 10a and 10b. Wth these
separate projections such as forned of in material or the like, the
yoke 18 suffers less attenuation of the vibration thereof as conpared to

t he case '




of the annular soft resilient body. Such a construction further offers an
advant age of easy fabrication. ' .o : 23
Seventh Mbde of the Invention FIG 11-illustrates a seventh node
hereof. In the fourth node hereof, the annular soft resilient body 21 is
provi ded on the inner circunference of5/tll=)e upper cylinder body 20a.
Alternatively, the seventh node hereof may include stick-like vertical
pr-oj ections 21d di sposed on the inner circunference of the upper cylinder
body as spaced fromeach other, as shown in FIGs. 1lla and 11lb. Wth such
projections forned of a resin material or the |i ke and spaced from each
ot her, the yoke 18 suffers | ess attenuation of the vibration thereof as
conpared with the case of the annul ar sta 5 '
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resilient body. The construction further offers an advantage of easy
fabrication. Ei ght h Mbde of the Invention FIG 12 illustrates
an ei ghth node hereof. In the fourth node hereof, the annul ar soft
resilient body 21 is provided on the inner circunference of the upper
cylinder body 20a. In the eighth node dygreof, the soft - resilient body 2le
may have a free end portion 21f, as shown in FIG 12. In this case, the
soft resilient body may have an annul ar shape or may be di sposed on the
circunference as spaced fromeach other. The provision of the free end
portion 21f allows . the vibration of the yoke 18 to be nore flexibly
accommodat ed, thus preventing the vibration thereof from being

FIG.6

O

- 14




24 attenuated while restricting the vibration thereof to one direction.
Ni nth Mode of the Invention ' FIG 13 illustrates a ninth node
hereof, which further includes a guide shaft 22 extending through the
center of the vyoke 18. The guide shaft 22 has a base portion thereof
secured to the bottom cover 20b of thezffane body 8 whereby the yoke 18

vertically novable as carried on the first plate- like resilient body 9 is
altowed to vibrate along the guide shaft 22. The construction of the other
portions is the sane wth the fourth node hereof. Thi s

construction allows the yoke 18 to always vibrate in one direction
regardl ess of the orientation of the vibration generating apparatus or
even if the apparatus is subject to ?cﬂ@ Lnpact. Thus is prevented the
occurrence of abnormal- sound caused By oke 18 com ng into contact
with o :
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the inner circunferential surface of.the franme body 8. - Tenth Mode of the
I nvention FIG 14 illustrates a tenth node hereof, wherein the.

out er peripheral portion of the yoke 18 has the top surface and bottom
surfaces thereof coupled to the inner circunferential surface of the frame
body 8, respectively, by neans of reszH%nt supports 23a and 23b havi ng
resilience and : 25 aring-like
shape. Wth this construction, the yoke 18 vertically novabl e as
carried on the first plate-like resilient body 9 is brought into
vibration, the direction of which is restricted by the resilient supports
23a-and 23b. The construction of the other portions is the sane with the
fourth node hereof. Hence, the-Eptzslé is adapted to vibrate al ways
in one direction regardless of the orieht 0O of the vibration :

10b
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generating apparatus or even if the apparatus is subject to a drop inpact.
" Thi s prevents the occurrence of abnormal sound caused by the yoke 18 com ng
Fnto contact. with the inner circunferential surface of the frame body 8.

Further, it is possible to do without the first plate- like resilient body
9 by making the resilient support 23bgtiey function also as said resilient
body 9. El eventh Mode of the Invention- FIG 15 illustrates an

et eventh node hereof. The figure shows a state wherein a vibration
generating apparatus A (of the fourth node hereof) is installed within a
casing 1 of a pager in a simlar manner to the case of any one of the

af oresai d nodes hereof. ' Mounting the vibration generating apparatus
of the invention allows the receipt oﬁrfgﬁgél signal to be selectively

i nformed by way of sound or vibration{ elimnating the need for

i ncorporating the speaker 2 which is enployed by the prior art shown in

FIG 16. _ Here, a vibration generating force produced by t he
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prior art arrangement shown in FIG 16 was conpared with that of a

vi bration generating apparatus of the invention (the eighth node hereof)
shown in FIG 12 which is installed within the casing 1 of the pager. -

In the conventional pager notor 3 for use in the pager, the corel ess notor
4 had a diameter of 6.0 nmferr] and a 1hgroth of 14.5nm the weight 6 had a
dianeter of 6.0 merr], a length of 4.5 mMmm and a weight of 1.2 g; the
vibration. produced by the rotating shaft rotated at the speed of 7500 rpm
exhi bited the frequency of 125 Hz. At this tinme, the vibration generating
force caused by the centrifugal force was 0.95 N On the ot her
hand, the whole body of the vibration generating apparatus A of FIG 12
had an outér dianeter of 17 mierr] aépkgshﬁi'ht of 6.2 mm the soft
resilient bodies 21 were nounted to thr pIdSes as shown in FIG 11, the
- yoke 18 was fornmed of Permally and 4.3 g in weight, and the first plate-
li ke resilient body 9 was forned of stainless steel and 0.1 nm in

t hi ckness. Wen the coil 14 was driven at the frequency of

(a)

(b)-




703Hz, 'the 'vi bration generating force was 1.00 N. As apparent from
~this conparison, the vibration generating apparatus A produces as nuch
vibrati.on generating force as the pager notor 3. Since the vibration
generating  apparatus A is brought into vibration at a | ower frequency
than'the pagér notor 3, the vibration gqpgpati ng apparatus

27 causes a. greater displacenent of the casing 1 of the pager  during
vibration. This allows the call signal by way of vibration to be nore
readily perceived by the pager carrier. The conparison of the

vi bration generating apparatus A and the speaker 2 was nade on the
characteristic of the audible beeping signal. The speaker 2 of FIG 16 was
10 mierr]  in dianeter and 7 mMmin qug&?s TP? | evel of sound pressure

(a) 20a

21d

21d

(b)

21d



atxthe peak frequency as neasured at place 10 cmaway fromthe speaker was
85 dB at about 2.7 KHz. - I'n the case of the vibration generating
apparatus A, the level of sound pressure at the peak frequency as neasured
at place 10 cmaway fromthe second plate-like resilient body 10 was not
smal | er than 94 dB at about 2.7 KHz. T?Enhfvel of sound pressure at the
peak frequency as neasured at place 10 “cmh away fromthe resonance aperture
8c-was not snaller than 90 dB at about 2.7 KHz.

28 What is claimed is: 1. A net hod for generating vibration
applicable to a portable device capable of selectively generating sound or
body- sensi bl e vibration, characterized in that:

FIG.12
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a_first vibration systemand a second vibration system having different
resonance frequencies fromeach other are nagnetically coupled to each
ot her; and energy is externally supplied to said nagnetically
coupl ed systens thereby to selectively switch between a first state
wherein the first vibration systemis ed to vibrate relative to the -
second vi bration systemand a second g?Zf wherein the second vibration
systemis caused to vibrate relative to the first vibration system 2.

A vibration generating apparatus conprising a pair of plate-like resilient
bodi es (9, 10) opposing each other within a franme body (8), one (9) of
said plate-like resilient bodies being provided with a nagnetic field
generating elenent (13) having a magn?tlkéo 3§to forma first vibration
system the other (10) of said plate-Ti rdsdlient bodies being provided
with a coil (14) magnetically coupled to a magnetic field generated in
said magnetic field generating elenent (13) so as to forma second

vi bration system characterized in that:
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oné of said first and second vibration systens has a higher resonance
frequency than that of the other vibration

29+ system and either the first or the second vibration system
is selectively brought into vibration in correspondence to a frequency of
an exciting .current supplied to said thy1f14). 3. A vibration

generating apparatus as set forth in Cltaim 2, wherein the plate-Ilike
resilient body (9) constituting the first vibration systemis arranged to
vibratein the direction of the center line of the frame body (8) and a
soft resilient body is disposed on the inner circunferential surface of
the franme body (8) as spaced fromthe outer peripheral portion of a yoke.

FIG.14
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4.; A vibration generating apparatus as set forth in aim 2, further
including a direction restricting nenber for restricting the plate-like
resilient body (9) of the first vibration systemto vibrate in the

direction of the center I|ine of the franme body (8). 5. A vibration
generating apparatus as set forth in C%Bi 2, wherein; the first
vi bration system conprises a nagnetic 3 generating el enent (13)

i nel uding a yoke (18) and a nmagnet (19) and attached to one (9) of the
plate-1ike resilient bodies, t he second vibration system conpri ses
the coil (14) nmagnetically coupled to the interior peripheral portion of
said yoke (18) and attached to the other plate-like resilient body (10),

e |  FIG.15




30 ] a soft resilient body (21) is disposed on the inner .
circunferential surface of the frane body (8) as spaced fromthe outer
pefi pheral portion of said yoke (18). 6. . . A vibration generating
apparatus as set forth in Claim 2, wherin; the first vibration
system conprises one (9) of the plat e-1|6i Jﬁ? resilient bodies and the
magnetic field generating elenent (13) / | uding a yoke (18) and a magnet
(199 and attached to the plate-like resilient body (9), sai d yoke
(18) including a direction restricting nenber for restricting the
vibration to the direction of the center line of the frane body (8), and
a guide shaft (22) as the direction restricting nenber extends through the
center of said yoke (18). 7. A Vi bﬁ‘:ji n, generating apparatus as set
forth in laim 2, wherein;- t érl%vibration sygtem conpri ses
one (9) of the _




ptate-like resilient bodies and the magnetic field generatlng el enent- (13)
including a yoke (18) and a magnet (19) and attached to the plate-like

rgsilient body (9), said yoke (18) including a direction N
restricting menber for restricting the yoke to vibratie in the direction

of the center line of the frane body < and a pair of plate-Ilike
resilient supports (23a, 23b), as the direction restricting nenber, are

provi ded for carrying 31 t he top
and bottom surfaces of the-outer peripheral portion of sai d yoke 18 on the
frame body 8, respectively. 8. - A vibration generating apparatus as set

forth in daim 2, wherein a resonance frequency of the first vibration
system is not greater than 250 Hz anngltgs?%ﬁnce frequency of the
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sé%ond vibration systemis not snaller than 600 Hz. 9. A vibration
generating apparatus as set forth in daim 2, wherein:; the first
. vﬁbﬁé%#én system conpri ses a yoke (18) attached to one (9) of the '
plate-like resilient bodies, with the central and outer peripheral
portions ofagsrmagPkeFbeHBODISCLGSEREd toward the ot her plate-like
“resilient body (10), and a nagnet (19) disposed inside of the outer

peri pheral MOLEI OF INVENTIQNYWVIBRATEIN GENERATING APPABASAtDHNnd vi brati on
system conprises a cylindrical coil (14) attached to the other plate-Ilike
resilient body (10) so as to project toward the plate-like resilient body
(9), said coil 14 heing positioned [n place between the inner peripheral
side of said nagnetﬂﬁé’%eéﬁ&tt RBVBRELED HAL AR SRIRGTatOsPFEVEA® fhe central

PO 100 9L, 9ok et B, vt LEh o REFAA PRBRTLRg 2 30
vibration systemids R 1%iag"e! shh§fe HIA (8L AdEe ROW11 signal

| by way of sound and body-sensible vibration. According to the
method for generating vibration of the invention, first and
second vibratioh systems haviﬁg different resonénce

frequencies from each other are magnetically coupled to each
other and a state of energy externally supplied to the systems
is selected thereby céusing the first vibfation system to
vibrate relative to the second vibration system for generatingl
a body-sensible vibration, for example. By chénging the state
of the energy, the second vibration system is caused to

vibrate relative to the first vibration system for generating

sound.




. . . . . AU LG -
L.ncluding a top portion, a bottom portion on the periphery of ?&&d top
portion, and a connecting portion interconnecting |

32 said top and bottom portions. 11. A vi bration generating apparatus
as set forth in aim 2, wherein the plate-like resilient Substituty sheet he

second \”$§§$#§§5f§5t€ﬁkiﬂﬁiﬂ- je) annul ar groove (10b) to éhilahch 1@97

coi I’ (14) . posrtioned, sard coil (14) being nagnetically coupled

to a magn f bl eqipRArieN GREBRATANG AlPfagarISiti ng el enent
(13)“0f~tﬁ@t§Frg? ef raf?%i system 12. A portabl e device

i ncorporating tﬁE'viBTafionﬂ~gen6Lathg_apparatus as set forth in Claim2.

~— ~

The present invention has an obiéét to provide-a —
method for generating vibration and a vibration generating
apparatus for allowing a single unit to provide a call signal

'by way of.soﬁnd and body-sensible wvibration. According to the
'ﬁethod for generating vibration.of the invention, first and
second vibratiéﬁ systems having different resonénce
frequencies from each other are magnetically coupled to each
other and a state of energy externally supplied to the systems

., is selected thereby causing the first vibration system to
vibrate relative to the second vibration system for generating'
a body-sensible vibration, for example. By changing the state
of the energy, the second vibration system is caused to
vibrate relative to the first vibration system for generating

sound.

- Figure 1.




