ROTARY VI BRATOR AND VI BRATORY CONVEYI NG APPARATUS
USING THE SAME [ Technical Field] [0001] The present
invention relates to a rotary vibrator and a vibratory
conveying apparatus using this rotary vibrator and in
particular to a driving nmechanismof the rotary
vi brator. [Background Art] [0002] In general, in a
vi bratory conveyi ng apparatus such as a bow -type
parts feeder equipped with a spiral track, there is
used a rotary vibrator for tangentially vibrating a
bow -type conveyor. This rotary vibrator is provided
with a vibration disc elastically supported on a base
ROVARY! CEHRATPOR AN VIBRATORYNECONVE VINGA PP ARATUS USING
gi ven tangential vibration around the axis |ine by an
el ectromagneti c drivi ngTHEOYAMIE a pi ezoel ectric
driving body. In recent years, there has been often
found a structure in which a piezoelectric driving
body supported on a base is connected to a vibration
[Tedhrgeal Fieddlan el astic menber such as a |eaf spring,
thereby vibrating the vibration disc in the
[009Hnhgential direction by flexural vibration of the
pi ezoel ectric driving body. [0003] Rotary _vibrators,
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[Background Art]

[0002]

In general, in a vibratory conveying apparatus such as a bowl-type parts feeder
equipped with a spiral track, there is used a rotary vibrator for tangentially vibrating a
bowl-type conveyor. This rotary vibrator is provided with a vibration disc elastically
supported on a base by a leaf spring, etc., and the vibration disc is given tangential
vibration around the axis line by an electromagnetic driving body or a piezoelectric
driving body. In recent years, there has been often found a structure in which a
piezoelectric driving body supported on a base is connected to a vibration disc via an
elastic member such as a leaf spring, thereby vibrating the vibration disc in the
tangential direction by flexural vibration of the piezoelectric driving body.

[0003]

Rotary vibrators using the foregoing piezoelectric driving body include, for

example, those described in Patent Documents 1 to 3 shown below. These rotary

vibrators are structured in such a manner that a piezoelectric driving body fixed at the



center on a base extends radially to the outer

peri phery side, the outer periphery part of the

pi ezoel ectric driving body is connected to an elastic
menber, and the elastic nenber is connected and fi xed
to the outer periphery part of the vibration disc. As
descri bed above, a horizontal -type rotary vibrator
havi ng a piezoelectric driving body which extends
radially to the outer periphery side is advantageous
in that a vibration disc can be vibrated efficiently
in the tangential direction and the rotary vibrator
can be constructed conpact by reducing the hei ght
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[Patent Documents]
[0004]

[Patent Document 1] Japanese Unexamined Patent Publication No.
S62-201710

[Patent Document 2] Japanese Unexamined Patent Publication No.
2007-161454

[Patent Document 3] Japanese Unexamined Patent Publication No.
2008-265967
[Summary of the Invention]
[Problem to be Solved by the Invention]
[0005]

Incidentally, recent years have seen a demand for conveying components at
faster speeds. Under the circumstances, a piezoelectric driving body is increased in

driving frequencies and also in amplitude, by which the piezoelectric driving body is

subjected to greater driving loads to result in a problem of durability of the



2 piezoelectric driving body. Further, the foregoing
hori zontal -type rotary vibrator is operated in a
state that, for exanple, a bow -type conveyor of a
vi bratory conveying apparatus is fixed on a vibration
disc. In this instance, as described above, an
increase in anplitude is required at high frequencies.
Therefore, continuous operation of the rotary
vibrator may result in a case where a clearance is
found between the vibration disc and the conveyor or
noi ses com ng from between the vibration disc and the
conveyor becone greater. [0006] Therefore, the present
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which is capable of responding to recent demands for conveying components at faster

speeds.
[Means for Solving the Problem]
[0007]

In view of the above situation, the inventors of the present application have
diligently conducted research to find the following problem. That is, in a rotary
vibrator in which a piezoelectric driving body and an elastic member extend radially
from the center of a base toward the outer periphery side thereof, a vibration disc is
actually vibrated in the tangential direction by flexural deformation of the piezoelectric
driving body. Therefore, a point at which a vibrating mechanism made up of the
piezoelectric driving body and the elastic member is connected to the vibration disc is
not an attempt to vibrate around the center of the base but an attempt to vibrate around

a position deviated radially outwardly from the center of the base (for example, an



a position deviated radially outwardly fromthe center
of the base (for exanple, an 3 internedi ate position
in the radial direction of the piezoelectric driving
body). Thus, driving force is |lost due to a
di fference between the vibration node of the vibrating
mechani sm and that of the vibration disc. Further,
every time reciprocating vibration takes place in the
tangential direction, the piezoelectric driving body
is subjected to tensile stress in the radial
direction fromthe vibration disc and the vibration
disc is subjected to conpressive stress radially
mte'nﬁ%diﬁﬂ%%okfﬁoﬁ iPRetrialdiRicBén 8EhEPERoEleaE drivingbRiP). € Thus,
the piezoelectric driving body is reduced in
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takésopldderie thet tangehtiahditaction, dhe piezaslestric droving body igsnliecic@tp
between the vibration disc and the_ conveyor. [0008]
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n the ra direction in a range froman inner

conp&ﬁhphery side connection part connected to the outer

peri phery part of the piezoelectric driving body to
[00@8] outer periphery side connection part connected to

the vibration disc, and al so

Therefore, in order to solve the above problem, the present invention is a

rotary vibrator which is provided with a base, a vibration disc arranged over the base, a
piezoelectric driving body having an inner periphery part directly or indirectly
connected to the base and extending radially outwardly from the inner periphery part
and an elastic member connected between an outer periphery part of the piezoelectric
driving body and the vibration disc, in which the elastic member is a plate-like member
which extends in the radial direction in a range from an inner periphery side
connection part connected to the outer periphery part of the piezoelectric driving body
to an outer periphery side connection part connected to the vibration disc, and also

which has a tangentially bent shape. According to the invention, the elastic member

is a plate-like member having the shape of extending in the radial direction and



whi ch has a tangentially bent shape. According to the
invention, the elastic nenber is a plate-Ilike nmenber
havi ng the shape of extending in the radial direction
and 9 bending in the tangential direction, by which
the elastic nenber is able to easily expand and
contract in the radial direction in such a manner that
the tangentially bent shape is changed. Therefore, it
is possible to reduce radial stress applied to the
pi ezoel ectric driving body and the vibration disc at
the tine of operation due to the fact that a centra
poinL of the vibrating mechanismin a vibration node
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driving loads to be received, thus naking it possible
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body and al so suppress the deformation of the
pieacelectrid driving baly gnd@h@yibtationdiscanthedimeof opstationalue to the fact
present invention, in the elastic nmenber, both the
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[OOg@rection. According to this enbodi nent, the inner
pe]ri phery side connection part and the outer
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direction, by which driving force generated in the
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the vibration disc in the tangential direction
extekitih digomdial digectibe and, between the inner periphery side connection part and
the outer periphery side connection part, there is an intermediate bent part which
extends in the radial direction, which bends to one side in the tangential direction,
thereafter, which bends to a reverse side in the tangential direction, and again which
extends in the radial direction. According to this embodiment, the inner periphery
side connection part and the outer periphery side connection part extend in the radial
direction, by which driving force generated in the piezoelectric driving body can be
added accurately to the vibration disc in the tangential direction orthogonal to the
radial direction and the vibration disc can be vibrated more efficiently. Further, since

the intermediate bent part is constituted in a simple shape which bends to one side in

the tangential direction and thereafter bends to a reverse side in the tangential direction,



radi al direction and the vibration disc can be

vi brated nore efficiently. Further, since the
internedi ate bent part is constituted in a sinple
shape which bends to one side in the tangentia
direction and thereafter bends to a reverse side in
the tangential direction, 5 it is possible to obtain
expansi on and contraction properties in the radia
direction w thout substantial reduction in vibration
transm ssion efficiency. [0010] In another enbodi nent
of the present invention, the outer periphery part of
the piezoelectric driving body and the inner
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connection part of the elastic member in a state of being overlaid in the tangential
direction is corrected in such a direction that the deviation is reduced by the bent shape
of the elastic member. Therefore, an extending direction of the driving mechanism
made up of the piezoelectric driving body and the elastic member as a whole can be set
in such a manner that the deviation from the radial direction is small, thus making it
possible to transmit driving force efficiently to the vibration disc.
[0011]

In this instance, it is preferable that the outer periphery side connection part of
the elastic member extends in the radial direction on an extension line of the

piezoelectric driving body. According to this embodiment, it is possible to transmit

the driving force generated by the piezoelectric driving body reliably and efficiently to



In this instance, it is preferable that the outer
peri phery side connection part of the elastic nenber
extends in the radial direction on an extension |ine
of the piezoelectric driving body. According to this
enbodi nent, it is possible to transmt the driving
force generated by the piezoelectric driving body
reliably and efficiently to 6 the vibration disc in
the tangential direction orthogonal to the radi al
direction. [0012] In still another enbodi ment of the
present invention, the elastic nenber is provided
with outer edges on the upper and | ower ends
the GRS HEH thétaRgERBPER& oA BEhEgorNABe FRISN AGketiRl. V-
According to thisS enbodi nent, the outer edges both on
[oot#le upper and | ower ends of the elastic nenber are
constituted in a recessed curve shape, by which the
el agh sl amstherenbadinkant ofithegassedt inverftioaxthb ielastiymember is
torsional direction, and stress applied to the outer
proeidge sithroutdred ggsparthanppdr ang tovear¢sdodonstiwted in gtreesssed curve
menber can al so be dispersed in the radial direction
shapg¢ respectinelyc uAgeording te this pabedisient i ower ages bashan dhe wper
rigidity lower at a central part. Therefore, when tge
anddpwet ¢nds of thseslastis mepbsr aresgnstifuied dn ¢ geegesse cyive shape, by
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resulting fromlocal concentration of stress, for

bod§xévealvthenal toRidhaLSEEss 36 dpblied ofthé blasticwmembaaduepd eieycenter of
side connection part of the elastic nenber fixed to
gratibeofithe etbrgiioni dideereynglacateddn theaupper side, the elastic member is
deformed in the torsional direction as a whole, thus making it possible to receive the
stress in a dispersed manner across the entire length of the elastic member in the radial
direction. Therefore, it is possible to prevent damage resulting from local
concentration of stress, for example, at a boundary site of the inner periphery side
connection part of the elastic member fixed to the outer periphery part of the
piezoelectric driving body or a boundary site of the outer periphery side connection
part of the elastic member fixed to the vibration disc.
[0013]

In a different embodiment of the present invention, the inner periphery part of

the piezoelectric driving body is fixed to the end of the inner periphery side of an



pi ezoel ectric driving body or a boundary site of the
outer periphery side connection part of the elastic
menber fixed to the vibration disc. [0013] In a
di fferent enbodi nent of the present invention, the
i nner periphery part of the piezoelectric driving
body is fixed to the end of the inner periphery side
of an attaching/fixing nenber equipped with a fixed
face region which is fixed on the base in contact
therewith to extend in the radial direction. According
to this enbodinent, the fixed face region extendi ng
in the radial direction is fixed to the base in
attaCRiRbAKIng BRAb&Wqulppeld Withht Fxed! A6 REIoAGHiB9{sfied B8 the base
menber can be aﬂtached to the base at a higher fixing
in cohtaen@efewithus tkend ir the radial&lirepiidn. p edcyrdigg fo this ehtbediment,
pi ezoel ectric driving body is fixed to the end of the
the ifinaé facp e¢diphextyndinglin thé rddied direttamhis figied tocthe daseanisentact
thus making it possible to bring the inner periph
theyemith, by whivh the attashingfixing mgmber ¢ap Uscdtached) to sherbase at 'rh%sgher
center of the vibration disc. [0014] Next, the
fixipg pirenagthry Eusthesfh m@nmwa@rwaafoftﬂpf*eplsmkémc qriKiag bodyris
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fects that provide a rotary vibrator higher in
|C|ency and greater in durability which is capable

Of NP U iBhitdr chRESH éﬁ)ﬁﬁﬂﬁ%fftﬁg pre QY BeRibn is provided
conponénts at fast er spee
with the rotary vibrator described in any one of the above descriptions and a conveyor
equipped with a spiral conveying path extending in the tangential direction, which is
fixed on the vibration disc.

[Effects of the Invention]
[0015]

According to the present invention, realized are such excellent effects that
provide a rotary vibrator higher in efficiency and greater in durability which is capable
of responding to recent demands for conveying components at faster speeds.

[Brief Description of the Invention]
[0016]
Fig. 1 is a schematic sectional view showing an outer appearance of an

‘embodiment of a rotary vibrator.

Fig. 2 is a schematic plan view showing a state in which a vibration disc of the



[Brief Description of the Invention] [0016] Fig. 1 is
a schematic sectional view show ng an outer appearance
of an enbodinment of a rotary vibrator. Fig. 2 is a
schematic plan view showing a state in which a

vi bration disc of the 8 enbodinent is renoved. Fig. 3
is a longitudinal sectional view of the enbodi nent.
Fig. 4 is a side elevational view of the enbodi nment.
Fig. 5is a plan view of a vibrating nechani smof the
enbodi nent. Fig. 6 shows a plan view (a) and a side

el evational view (b ) of an elastic nenber of the
enbodinment. Fig. 7 is a side elevational view show ng

embbdihBita RinYove@nveyi ng apparatus equi pped with a
rotary vibrator of the enbodinent. Fig. 8 is a plan

Vi e\F/i%B i$ H@orfgatbaiahpgeytimmv&w Jfgh@pmbsdinest. shown in
Fig. 5. [Mdes for Carrying Qut the Invention] [0017]
NeX Fig. & isl@kide lchtratiermt viept ofdhe enboditvengi ven of the

enbodi nent of the present invention with reference to
t he Fig. 5ds h pthndi@miofig sibritb@isdchamsmarfythe ¢hbedimeht. Fi g. |

is a.,schematic, pers tive vjiew showi.ng an,outer .
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vi brator of the present invention. Fig. 2 is a
member of the embodiment.

Fig. 7 is a side elevational view showing a vibratory conveying apparatus
equipped with a rotary vibrator of the embodiment.

Fig. 8 is a plan view of the vibratory conveying apparatus shown in Fig. 5.
[Modes for Carrying Out the Invention]
[0017]

Next, a detailed description will be given of the embodiment of the present
invention with reference to the attached drawings.
[0018]

[Rotary vibrator]

Fig. 1 is a schematic perspective view showing an outer appearance of the
embodiment which is the rotary vibrator of the present invention. Fig. 2is a
schematic plan view showing a state in which the vibration disc of the rotary vibrator is
removed. Fig. 3 is a longitudinal sectional view of the rotary vibrator (a cross
sectional view taken along the line B-B in Fig. 2). Fig. 4 is a side elevational view of
the rotary vibrator.

[0019]

A rotary vibrator 10 of the present embodiment is provided with a base 11, a



schematic plan view showing a state in which the
vi bration disc of the rotary vibrator is renoved.
Fig. 3 is a longitudinal sectional view of the rotary
vi brator (a cross sectional view taken along the |ine
B-Bin Fig. 2). Fig. 4 is a side elevational view of
the rotary vibrator. [0019] A rotary vibrator 10 of
the present enbodinment is provided with a base 11, a
9 circul ar-di sk shaped vibration disc 12 supported
over the base 11, and a vibrating mnechanism 13
arranged between the base 11 and a vibration disc 12
to support the vibration disc 12 and al so cause
cirdblRLAK PRpédvibhgioh ARGENIsupportbdlonet theBasd 11, @hdg Kibi&ngs,
in adirection in which rotation i s made around an
meéhanisnl 1 h&rdnged befweeh ¢herisal Y and byvibrationldisc (2afosappdrethe
axis line of the vibration disc 12). In the
vibiation sliscd2edd elsarplse, vibrafibwinathe tangertial dirbeteom, mgother words, in
mechani snms 13 are provided around the above axis |ine
a direation @m Wwhish rotatipais made areentban axisling 1@hef the rajanyvalratgr 10
exanp L The plurality of V|brat|n%7nechan|sns 13 are
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extending I1nt |aI direction fromt
$whayﬁﬂ*@§6ﬂ§ﬁﬁﬁ% S|de to the outer periphery side and a
plate-like “elastic nenber (leaf spring) 15 connected
[oogoMd fixed to the piezoelectric driving body

The vibrating mechanism 13 is as a whole formed in such a shape that extends
in the radial direction around the axis line 10x. The vibrating mechanism 13 is
provided with a plate-like piezoelectric driving body 14 extending in the radial
direction from the inner periphery side to the outer periphery side and a plate-like
elastic member (leaf spring) 15 connected and fixed to the piezoelectric driving body
14. An inner periphery part 14a of the piezoelectric driving body 14 is fixed to an
upper face 11a of the base 11 via an attaching/fixing member 16.

[0021]

The attaching/fixing member 16 is provided with a fixed region 16s extending
radially from the inner periphery side to the outer periphery side, and a bottom face of
the fixed region 16s is fixed to the base 11 by appropriate fixing means such as a bolt

17 in a state of being in contact with an upper face 11a of the base 11. An inner

10



14. An inner periphery part 14a of the piezoelectric
driving body 14 is fixed to an wupper face 11 a of the
base 11 via an attaching/fixing menber 16. [0021] The
attaching/fixing nmenber 16 is provided with a fixed
region 16s extending radially fromthe inner

peri phery side to the outer periphery side, and a
bottom face of the fixed region 16s is fixed to the
base 11 by appropriate fixing nmeans such as a bolt 17
in a state of being in contact with an upper face 11 a
of the base 11. An inner 10 periphery end 16a of the
attaching/fixing menber 16 projects laterally fromthe

pen‘pﬁ&‘?rend A8s bPihe ra&’ta&ﬁﬁ%/ﬁﬁ?fng%ﬁ@nﬁérﬂ@%r ek [b?er&@ﬁ froRYthe inner
whi Ch the attaching/Tixing nmenb é formed in an
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the drawi ng, the piezoelectric driving body 14 and the

to thxt inaetpeniphétyxiartd 4aefitherpid®ekctic driviagibdsly 14. s gedlpstrated in
washer) and a bolt. In this instance, a face on which

the drawing plemqomeciryvm&bocbebﬁ ansthe prachingstixipg meﬁrt@r J0 are
part 14a are fixed in contact with e ch ot her

ﬁxeg.hyﬁaﬁpagerawaa@@ Al ¢ H’éﬂtl%H’é@ﬁF?» agh MBI ﬁhe inner
t th b d
PGHPE %?18%@ am"@fa&reé‘e%’rﬁp P ?agarsa%gsg'wq act g i other
I d
s of' a%ﬁ??‘%é 3R 6 e i RPETR o B TR
rad1|3 &;&u? avai | abl e as a bimorph type in which a
| ezoelectric driving element is provided on both

Aont and rear sides of an elastic netal plate and a
uni norph type in which a piezoelectric driving

el emgg Ple’z§e19c’£tﬁc‘z’ HHeRg®BlY 190 BREnSWHiéh a pleGoelectric driving
pi ezoel ectric driving
element is adhered on the surface of an elastic metal plate such as a shim plate and
available as a bimorph type in which a piezoelectric driving element is provided on
both front and rear sides of an elastic metal plate and a unimorph type in which a
piezoelectric driving element is provided only on one side. The piezoelectric driving
body 14 is constituted in a plate shape as a whole and the width direction thereof is
fundamentally in a vertical direction, in other words, a direction which is along a
direction connecting the base 11 with the vibration disc 12. Thus, the piezoelectric
driving body 14 is installed in a posture extending in the radial direction. It should be,
however, noted that in order to convey components along a spiral track by using a
bowl-type conveyor to be described later, the vibration disc 12 is required to be

vibrated diagonally upward around the axis line 10x, and the width direction of the

piezoelectric driving body 14 is not a perfectly perpendicular direction but inclined
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body 14 is constituted in a plate shape as a whol e and
the width direction thereof is fundanentally in a
vertical direction, in other words, a direction which
is along a direction connecting the base 11 with the
vi bration disc 12. Thus, the piezoelectric driving
body 14 is installed in a posture extending in the
radial direction. It should be, however, noted that
in order to convey conponents along a spiral track by
using a bow -type conveyor to be described |ater, the
vibration disc 12 is required to be vibrated
di agonal |y upward around the axis |line 10x, and the
diag¥ndfiPupvi@Cti on of the piezoelectric driving body 14
s not a perfectly perpendicul ar direction but
[oo23icl i ned 11 diagonally upward. [0023] The outer
peri phery part 14b of the piezoelectric driving body
14 The butseperipheryt pret 14tnefithppiczqdetyc diideg bodybtisifored to
part 15a of the elastic nenber 15. The outer

the et pdriphyrypade cobabetimdatthldaiofi ther elastic imyinalyey 18 d€he outer
connection part 15a are fixed by a spacer (washer)

peripbény payt 14btand drednneriperighery side cofngstipmgatby 8¢ argifixe rli’Ytah e

tangential direction, The outer periphery side
spages hasherom bplhranut, e, Bra siaje obpelag P&erl?é%’e%e fangpatial

diretio I ; : : fn%JEECt e E’sﬁ%&&ﬁﬁ?ﬁﬁ ReobfealfrRuié

t
ﬁxe@%& gﬁ)gqj fctlog-lﬁﬁ c{og}lee#egi part?-?@lpi‘gﬁﬁgéj adgrsiecf ng‘l%fmer below at
the §1F1trexa n&%%g% Spa?tépfgﬁée Y]fogat&)ﬁ dl{& 1%W &%Igo%ﬂge%rt(gﬁsﬁ&g} %Eﬂtoﬁ; etc.

Theoc%% rﬁ"@ia is Qlfraﬁ%}ut e ﬁot]tav ‘belif? Q&ﬁ]ictmﬁl &k ﬁﬁéﬂl&r ofa

IS consti an |ntegra y- made

rec&ké’l‘%ﬂeﬁm@%ﬁllﬁb R BddPon ﬁﬂ&téﬁdﬂi?ﬁeﬂyﬁvaﬂl & thé Basthape as
IS elastic nmenber 15, both the
[0024]

The elastic member 15 is constituted with an integrally-made elastic metal
material and formed in a plate shape as a whole. In this elastic member 15, both the
inner periphery side connection part 15a connected to the outer periphery part 14b of
the piezoelectric driving body 14 and the outer periphery side connection part 15b
fixed to the vibration disc 12 assume such a posture that extends in the radial direction.
Then, in the present embodiment, there is provided an intermediate bent part 15¢
between the inner periphery side connection part 15a and the outer periphery side
connection part 15b.  This intermediate bent part 15¢ is a part formed in a tangentially
bent shape in a manner deviating from the radial direction. In the present

embodiment, the elastic member 15 having the intermediate bent part 15¢ is used, by

which the vibrating mechanism 13 is allowed to expand and contract easily in the
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i nner periphery side connection part 15a connected to
the outer periphery part 14b of the piezoelectric
driving body 14 and the outer periphery side
connection part 15b fixed to the vibration disc 12
assume such a posture that extends in the radial
direction. Then, in the present enbodinent, there is
provi ded an internedi ate bent part 15c between the
i nner periphery side connection part 15a and the outer
peri phery side connection part 15b. This internediate
bent part 15c is a part forned in a tangentially bent
shape in a manner deviating fromthe radial direction.
radidibitclBoRr €SENt  enbodi ment, the elastic member 15
aving the internediate bent part 15c is used, by
[0024)i ch the vibrating mechanism13 is allowed to expand
and contract easily in the 12 radial direction.
[ 00Bbhe iltustrited iekdmiple; tht derenedindd bent pht 1batsdformetl iatas
bent part 15c is formed in an S-shape whi ch extends
S-shiape twhéchrextkings indthe eatialalirectaen, s itiis likk ithesinnéreperipheay side
periphery side connection part 15a, which bends to
congedios paie 153 witich bendg @@meeﬁld@mrtb@; tangential direqyien (in the
cl ockwi se direction in , thereafter

Clocbﬁlﬁﬁ%hlieétlfal M%r@et@iea@erlp Whi epgﬁw@’é}ﬁe"%fﬁe Sige F’etg‘f’ fagjgential
el SIS A o
oA Ao B SR i
15a\;\1%1i %Cotal qu)eggl{e%% 28 g?ﬁie%ﬁgn tigll‘?e{téﬂjd | th&4de Hir8RionbYy

I'CG ween e pi ezoel ectric driving

whlpﬁﬁiﬁfvﬁllé f(?r@gbétuzg gﬁ’f{z’gﬁl@cﬂ'c%ﬁvm%dd% 14'2A0 $KE JibREoh Qisc

e tangenti al t hus ng it possible to
12 1§ &%’s%mt&d {h8e taﬁh@éﬂﬁdn dirb&ioncthat niakihght poseiblewitfanemit the

driving body 14 eff|C|entIy to the vibration disc 12.
drivif0R&de of the piezoelectric driving body 14 efficiently to the vibration disc 12.
[0026]

In this instance, the elastic member 15 is not limited to the above-described
bent shape but may include any bent shape, for example, an L-shape, a U-shape, a
V-shape and a crank shape in a manner which allows the elastic member 15 to expand
and contract in the radial direction by a change in the bent shape. In these instances,
it is acceptable that neither of the inner periphery side connection part 15a nor the outer
periphery side connection part 15b may extend in the radial direction.
[0027]

The vibrating mechanism 13 made up of the piezoelectric driving body 14 and

the elastic member 15 is in a posture facing in the tangential direction, when viewed

above, and attached in an inclined posture having an inclination angle 0 (refer to Fig.
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In this instance, the elastic nmenber 15 is not |limted
to the above-described bent shape but may include any
bent shape, for exanple, an L-shape, a U shape, a
V-shape and a crank shape in a manner which allows the
el astic nenber 15 to expand and contract in the
radial direction by a change in the bent shape. In
these instances, it is acceptable that neither of the
i nner periphery side connection part 15a nor the outer
peri phery side connection part 15b may extend in the
radi al direction. [0027] The vibrating nechani sm 13
made up of the piezoelectric driving body 14 and the
4) wakipsekpdet TRMB Bbriddntdl HireBtich. P S bileEwbRT| A glatd fatd6f the
tangential direction, when viewed above, and attached
piezodleattid diblinglesllypieisdndrtBat ol vienglastic momber & tatein agngtuee ficing
(refer to Fig. 13 4) with respect to the horizontal
diagtinaby tipward ih theathingentiabdictstiom pllatieclimation ahgle Ballows a
pi ezoel ectric driving body 14 and that of the elastic
vibratiop directi®ndy of the vibrgsmstdiscd 2fta dagegliagdnaln npward wigvegsrect to
in the tangential direction. The inclination angle 0
a hegizogtab tangenfiabdisedtion. aidreBIOBANSORR COMEYQT forberdeseiibgrd dater

o o i AR BB B
RN SISl SRR | Bl Shre i LR ey g
oS kol B e St o0

Efif ut may be set appropriately dependi ng
dm%ﬁ&%gﬁgégﬁgé cﬁgTacteristics to be required. [0028]

[00F8]9- S5 is a plan view of the vibrating mechani sm 13
and the attaching/fixing nenber 16. On the base 11,

L Ihg gioge Fgﬁ% ?{ag VIRE B fhie SiBratdngMeehadBnof 3 4rtethe attaching/fixing
member 16. On the base 11, the vibrating mechanism 13 made up of the piezoelectric
driving body 14 and the elastic member 15 as well as the attaching/fixing member 16
extend parallel along the radial direction R (it is preferable that they are parallel but
may not be parallel in a strict sense). An interval is provided between the vibrating
mechanism 13 and the attaching/fixing member 16 depending on a projected amount of
the inner periphery end 16a of the attaching/fixing member 16.

[0029]

The outer periphery part 14b of the piezoelectric driving body 14 and the inner
periphery side connection part 15a of the elastic member 15 are fixed in a state of
being overlaid in the tangential direction T. Therefore, the inner periphery side

connection part 15a of the elastic member 15 is arranged at a position deviated in the

illustrated counterclockwise direction with respect to the tangential direction T from an
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driving body 14 and the elastic nenber 15 as well as
the attaching/fixing nmenber 16 extend parallel along
the radial direction R (it is preferable that they are
paral l el but may not be parallel in a strict sense).
An interval is provided between the vibrating
mechani sm 13 and the attaching/fixing nmenber 16
dependi ng on a projected anmount of the inner
peri phery end 16a of the attaching/fixing nenber 16.
[0029] The outer periphery part |14b of the
pi ezoel ectric driving body 14 and the inner periphery
side connection part 15a of the elastic nmenber 15 are
extgnb?éﬁ%n'erl@‘ eﬁtteﬁ@lﬁg afonglikd AQiaP¥REdtBL R frBmithe pledsideshii¢ éliving
direction"T. Therefore, the inner periphery side
bod§QBNEib Abted tat, id Hee iflhstidiel @lagple, thewxtdisionlmeildy is a
arranged at a p05|t|on deviated in the illustrated
strafphtihepassing inoagh therazistlinerl Owiahd extesgiog in the radial direction.
tangential direction T froman 14 extension |line 14y
On thetotimatihagd, dhoouger peeipheryi side @mn@ttlon@nrt RSb o6 therlastic member
piezoel ectric driving body 14. is noted that, i
15 is hangadia £ pesition devistpd & the hl@sgﬁteé ﬁé,chwme. dirsction with regpect

to s ansiAgirarioh ?f?éa@  inpen P hGH S ORRRIgR A | A Rthe

integP et LeREC e T : th%'“g&f‘g%gﬁge@la?g Pﬁ%@.%? a2palis e
Kk

pleZtOSIEPR‘Ié dtr%\ S*h‘%‘%?/a’ﬁ %} ogﬁe\é\ﬁlﬁ ?nr%ferlglr?ﬁtt nrtrrfg 1rer g%ﬁ)ﬁge%e ry

pengfégrsr s?%%ﬁﬁédngﬁ HQ& 5y %gén@sy 1nttﬁ‘§radgﬁ‘ Hﬁédﬁ%ﬂ'@&‘? {H&Rtension

er wor arrange a position

lineA%Y' iR pibReldiftic RIEAPBIGA ! C driving body 14. As a

e gl ﬁéj{fl L |CII stratéd exanple, the outer

[OOP@]” phery side connection part 15b extends in the
radial direction R on the extension |I|ine 14y of the

pi eAgelesgibell abéVe, ¥ ipogtibmd viedidtior] ABO{angential direction T

resulting from the fact that the outer periphery part 14b of the piezoelectric driving
body 14 and the inner periphery side connection part 15a of the elastic member 15 are
fixed in a state of being overlaid in the tangential direction T is corrected by bending of
the intermediate bent part 15¢c of the elastic member 15. Therefore, there is avoided a
great deviation of the outer periphery side connection part 15b from the extension line
14y of the piezoelectric driving body 14. In the illustrated example, the outer
periphery side connection part 15b is arranged on an extension line 14y. ~ Since the
driving mechanism 13 extends correctly in the radial direction R as a whole, it is
possible to drive the vibration disc 12 efficiently in the tangential direction T.
[0031]

Fig. 6(a) is a plan view of the elastic member 15, and Fig. 6(b) is a side
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As descri bed above, a positional deviation in the
tangential direction T resulting fromthe fact that
the outer periphery part 14b of the piezoelectric
driving body 14 and the inner periphery side
connection part 15a of the elastic nmenber 15 are
fixed in a state of being overlaid in the tangentia
direction T is corrected by bending of the
i nternedi ate bent part 15c of the elastic nenber 15.
Therefore, there is avoided a great deviation of the
outer periphery side connection part 15b fromthe
extension line 14y of the piezoelectric driving body
ele%onmrwédﬂ Bf ihelelitié Aleftbe XSNR s idshRic UheibovBRIesd@ived Ynner
I de connection part 15b is arranged on an extension
periph&@' sld®/confRédtion paftel Sa i donistigtedaa hdhi platclshapxirinfdamed with
correctly in the radial direction Ras a whole, it is
thrqugh Siolek @ 5t for dhisextimgtbolts.vi Puréter,dhe ditscpetipherfyfsidd emnégtionmpart
the tangential direction T. [0031] Fig. 6(a) is a plan
15bvis elso ebnstitged ireas flatlate shape ang forared vmﬂgthr@(gb)hoiess 1qu 5f<i>rd e
15 el evational view of the elastic nmenber 15. |In this
ins¢riing boltse, Boblethetinnes pedphsry pidg comsstion p’«é’f 1 $andythe peter
connection part 15a is constlt ted |.ate

periphaysiderrenpestior patti 1o arq eanstiyte drippdand &Jp}; g%teﬁﬂgg i1 theg
widfhiecion verbCal dit Qfﬂ&%ﬁlﬁw@%& PofEindied . & e Bhishated
exafife sShgondiph b AN b1t e ph @Y s BB oy
plCZ"O% cﬂﬂ:ddri\ﬁrﬁ%ﬁ&fafeﬁnanqug g%ﬁ'é%l Wit AROBGELRE pﬁ@ﬁﬁa 3R

are cons ape extending in

vib 19}1 Risd 'IQ:@E 'ugﬂt r biSiHehrélie SbnREhdOphressal ib t:éi?shﬁﬁé@w as to be

I's not I'n the 1llustrated exanple,

w1d%pth%ﬁ%w@érriﬂnpﬁer§yfgﬁie%ﬂﬁ&uaﬁ phfi@sput er periphery part
4b of the “piezoelectric driving body 14 and the

[ooygrtlcal wi dt h of the connected part 12a of the

vi bration disc 12, the inner periphery side connection

par tAslescribed pesviduistyy thednteomediatedebiepart 15¢ is formed in a
tangentially bent shape. However, when viewed in the width direction, outer edges
15d, 15¢ on both sides in the width direction (both upper and lower sides as illustrated)
are formed respectively in a recessed curve shape (recessed circular-arc shape), by
which the intermediate bent part 15¢ is formed to be narrower than both the inner
periphery side connection part 15a and the outer periphery side connection part 15b.
Then, these outer edges 15d, 15¢ in a recessed curve shape provide such a constitution
that the modulus of rigidity (shear modulus of elasticity) of the elastic member 15 in
the radial direction is distributed to be smallest at the center in the radial direction and

becomes gradually greater toward the inner periphery side connection part 15a and the

outer periphery side connection part 15b.
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wi der than the outer periphery side connection part
15b. [0032] As described previously, the internedi ate
bent part 15c is forned in a tangentially bent shape.
However, when viewed in the width direction, outer
edges 15d, 15e on both sides in the wdth direction
(both upper and |lower sides as illustrated) are
formed respectively in a recessed curve shape
(recessed circular-arc shape), by which the
i nternedi ate bent part 15c is fornmed to be narrower
than both the inner periphery side connection part
15a and the outer periphery side connection part 15b.
[oo3dien, these outer edges 15d, 15e in a recessed curve
shape provide such a constitution that the nodul us of
ri g aovesdRaribednddialidiseibutbmst the niodnlusfof tigrlityliasffedtive
menber 15 in the radial direction is distributed to
in thet thewlhdtiesherabertlfds aldlateavdid tHevencentiiatidn of steess ingntoesiehal
becones gradually greater toward the inner periphery
direstiohe reveivalle tiioomtheai¢zotBatrig i vingbody Udand leg vipratipy discd @ at
connection part 15b. 16 [0033] The above-descri bed
a bouadimy lingi 1$ae besmern thedaner peripkAry Sids comnactign part |53 and the
. effective in that the elastic nmenber 15 is able to
intesmedigtethent Rashber{doraxpmRlco R PR ibentach withithe %fi‘f;‘?dﬁe of & spacer

AT SR R O RS T
o5 Bl R AT BRSO 0 G
B B SBT3y B e

(wa%ﬁzeﬁegqﬁ%ﬁ&c g‘yﬁmﬁaxmg% &ﬁﬁaﬁ&@ disgi2p ReudRfnce ithe

tween the outer Pperiphery side connection part

streds A RRsibRE dire&id WEldhaditbhesdcuPdid to kbeh 4§ Earstitxidnmha the
a part in contact with the end edge of a spacer

center of gravity of the base 11, to which the vibrating mechanism 13 extending in the

radial direction is fixed, is located on the lower side and the center of gravity of the

vibration disc 12, which is driven by the vibrating mechanism 13, is located on the

upper side.

[0034]

In other words, for example, where the elastic member 15 is constant in the
radial width, upon receipt of the stress in the torsional direction, the stress may be
concentrated at the boundary lines 15ac, 15bc to cause damage such as crack and wear
at the ends of these boundary lines in the width direction. However, in the present
embodiment, the elastic member 15 is constituted so as to be narrower in width at the

intermediate bent part 15¢ with distance from the boundary lines 15ac, 15bc toward an

intermediate position in the radial direction, resulting in reduction in modulus of
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(washer) used in connecting and fixing the vibration
disc 12). In this instance, the stress in the
torsional direction will inevitably occur due to such
a constitution that the center of gravity of the base
11, to which the vibrating nmechani sm 13 extending in
the radial direction is fixed, is |located on the

| oner side and the center of gravity of the wvibration
disc 12, which is driven by the vibrating nmechani sm
13, is located on the upper side. [0034] In other
words, for exanple, where the elastic nenber 15 is
constant in the radial w dth, upon receipt of the

rigidity. €S BhdsNddBfndtRh HnRRat redhItiRg tioBthe s Sh HRSSrsToMM ditection
concentrated at the boundary |ines 15ac, 15bc to cause

incrdadER $RthSHSthn RS dih @dboundaryeimes 15dc, 1 5. endsa refult, iessress in
boundary lines in the width direction. However, in the
the por§isa4ltdireetidioghinrBRtceitdibyad edsrimationmefitierel dsfic ineember 15 overall
constituted so as to be narrower in width at the
in thertadiabditection, thereby dafectsstich g ddmagiesesalting froroepndeatration of
boundary lines I5ac, 1 Sbc toward an internediate .
the pipesstateoless likelihto aegui. alFusthew the ater edaesl 3d; hde ofthe elastic
reduction in nodulus of 17 rigidity. Thus, defqrmatjon
memhesuk are &aymiedim g reqesyer e eshaRss By whigh e siggssiip fig)torsional
~direction increases with dista ceaé om t he boundary
dirqcfip s dispgrsed plgyg thexqutgr ¢dges more Eﬂﬁgr {yr ess in the
% rsional direction can be received by deformation of
[003}e el astic nmenber 15 overall in the radial

o S SR A R
red%%gg{x rigfd LH 8 taﬁ%%ti%ifercti&g 86 thelotfer clg& B9d, i B€formed in the

nber are formed’ in a recessed curve
recésB&P&lrv@Mlag@J ChotvBerSthk 8&fuctifn egiliRy & s%?ﬁﬂessed Ib?react i on
i s di spersed along the outer edges nbre favorably.
tangdAB3BY bent shape of the intermediate bent part 15c.  Therefore, the present

embodiment is advantageous in that effects of the outer edges formed in the recessed
curve shape can be obtained while reduction in tangential rigidity of the elastic
member 15 is suppressed.

[0036]

In the present embodiment, as described above, since the elastic member 15 is
bent in the tangential direction, it is allowed to expand and contract easily in the radial
direction. Therefore, it is possible to absorb stress in the radial direction which
occurs between the vibrating mechanism 13 and the vibration disc 12 due to the fact
that the vibration mode of the vibrating mechanism 13 is not a reciprocating rotational
movement around the axis line 10x.

[0037]
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It is noted that an internedi ate portion of the
internmedi ate bent part 15c is reduced in rigidity in
the tangential direction by the outer edges 15d, 15e
formed in the recessed curve shape. However, the
reduction inrigidity is suppressed by a tangentially
bent shape of the internedi ate bent part 150.
Therefore, the present enbodinent is advantageous in
that effects of the outer edges forned in the recessed
curve shape can be obtained while reduction in
tangential rigidity of the elastic nenber 15 is
suppressed. [0036] In the present enbodi nent, as

des g bineOwaRIRVE theSiiRtaBon A6 hegk bﬁteﬂ?&hﬂfeglﬁaﬂ sfthbent

in the tangential direction, it is allowed to expand

vibrafiflg fROAdnAEE 13 &Sd te¥iprdtatiig rdtatiinal motlémetttardund the axis line
Therefore, it is possible to absorb stress in the

10x[ Bdiabbveitfescdoesmonbionh Howeaves, ineealitg it skeatremblyatiffieglt
mechani sm 13 and the vibration disc 12 due to the fact
physikaily toteerangbthatingen propkerpend béthe ivihratingryechagisani o the axis
~is not a reciprocating rotational novement around the
linedWks Firiker]oxtheasoemitionghat theinperpepiphery, enf s torhe arranged on
vi brati on node at _the outer peripheyy. t of the .
the gxip fiae il g theehoys vibration m@gealsraé@F‘ﬁY eéé%q%aé?yﬁ}b‘% RigFQsigsttic
. movenent around the is line | Ox, the above stre
VOO GRS NE PSR LYIOraARy ol Y, CaSES 8 Ouie PRIRL O] the
L di.fficult ical.ly to.arrange t in ‘Ape;
vibrgfen e sdoBF ARk BRiE e el BEE FiRlebpay
. AOK r. 0 ' : L pRer:
in b 8 on " PbiBforf 37 4P stk B T OMHjon mode of the

téPﬁ,e i Q¥BndcRbA hin® 15BBfhelchisBE iddbey 1 ORI sRbAGANRY

outg . enéﬁgggl ect rélcc gri V|5ng bgdy S14 gengr ating fl exur%l
dist¥hdRRtl @R thd Sorl¥RE¥d pa% ¢3a ofthe Sibratddn iS¢ T ardf the Ais line 10x,
and stress in the radial direction which occurs between the vibrating mechanism 13 and
the vibration disc 12 increases with an increased amplitude of the elastic member 15 in

the tangential direction.

[0038]

The above stress increases stress loads in the radial direction which are applied
to the piezoelectric driving body 14, causing breakage of the piezoelectric driving body
14 and also decreasing the durability. Further, stress deformation is caused to the
vibration disc 12, thereby deforming, for example, a supporting face 12s of the
vibration disc 12 which supports and fixes a conveyor to be described later.
Deformation of this supporting face 12s causes distortion of the conveyor,
development of a clearance between the conveyor and the vibration disc 12 resulting in

the reduction of vibration efficiency, and also noise increase from a place of contact
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vibration node is |located at an internedi ate position
of the piezoelectric driving body in the radia
direction. Therefore, in any case, the radius of the
vi bration node of the outer periphery side connection
part 15b of the elastic nmenber 15 is shorter than a
di stance between the connected part 12a of the
vibration disc 12 and the axis line | Ox, and stress
in the radial direction which occurs between the
vi brating nmechanism 13 and the vibration disc 12
increases wth an increased anplitude of the elastic
menber 15 in the tangential direction. [0038] The
betWl@MBe SbHVR§Sr dndGhE FBeioaldiRSR. | 0ads in the radi al
direction which are applied to the piezoelectric
[o6Bd]vi ng body 14, causing breakage of the piezoelectric
driving body 14 and al so decreasing the durability.
Fur Tithe, prasentessbodiérhentnthie ietastic meodes Eflistformérkin a bent shape,
vi bration disc 12, thereby deform ng, for exanple, a
thusmpkiog it pegsiblrde radse tife strigss inthéradial giﬂeqliogc itds,therefore,
supports and fixes a conveyor to be described |ater.
possiblede daereans stsesstlpads i theyediel digeotign givendo tepiergelectric
di stortion of the conyeyor, .deye

drivingbrdinderndedefpration et tigriupiion 6?£hnee‘2{}‘f°g inglyo igpassible
to rgitep ??%%y%%}«%%sh%vgéé‘o&» HEricaed fgaBlistorhEhiedosrae dgyine
tact, 19 t h ' i i
bod§ 31, Ficp o A PRCERF B2 P AR qf B dfftatie
distgﬁﬁg%[gtﬂe%cin%;o r%qmpo@dk%ﬁﬂgmﬁgiﬁﬁ%fﬁci&g:?%f bt frdm the
possi bl'e to reduce e stress In the radral direction.

Wb&ﬁoﬁﬁschyg&%£ﬂ%ﬁmn possi bl e to decrease stress |oads
inthe radial direction given to the piezoelectric

moﬂgiving body 14 and deformation of the vibration disc
12. Accordingly, it is possible

Next, a description will be given of an embodiment of the vibratory conveying
apparatus according to the present invention with reference to Fig. 7 and Fig. 8. Fig.
7 is a schematic side elevational view showing one example of the vibratory conveying
apparatus according to the present invention and Fig. 8 is a schematic plan view of the
apparatus. A vibratory conveying apparatus 4 is a so-called bowl-type parts feeder
and arranged on a supporting base 3 supported by interposing a vibration isolation
member 2 such as a coil spring at a plurality of sites on an installation base 1. The
above-described rotary vibrator 10 is installed on the supporting base 3 and a
bowl-type conveyor 42 is fixed on the vibration disc 12 of the rotary vibrator 10.
Inside the conveyor 42 which is formed in a reverse conical shape, there are formed a

bottom 42a for accommodating components and a conveying path (track) 42b leading

from the bottom 42a gradually upward in a spiral manner. This conveying path 42b is
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to realize the breakage prevention, inproved
durability of the piezoelectric driving body 14,

wei ght reduction of the vibration disc 12, prevention
of noise, decreased distortion of the conveyor, and

I mproved transm ssion efficiency of vibration fromthe
vi bration disc to the conveyor. [0040] Next, a
description will be given of an enbodi nent of the

vi bratory conveyi ng apparatus according to the
present invention with reference to Fig. 7 and Fig. S
Fig. 7 is a schematic side elevational view show ng
one exanpl e of the vibratory conveying apparatus

con@%%@b g td R:a&ﬁ"ﬁnaﬂfyfﬁ %ﬁtoute‘i‘ yerphepPupsid phtt 8f the dofivéyor 42
schematic plan view of the “apparatus. PA Vi brat ory

andCRIVEHt ik 1aRdRg %M&héﬁoﬁccﬁt@cﬁx@hﬂs &sla boweyingpatipsdalof a
feeder and arranged on a supporting base 3 supported
diffesent vibeitge Tongeying/ippamtisdnsepsately amagedentiethe fuppedingdmse

a coil spring at a plurality of sites on an
3. installation base 1. The above-described rotary
vibrator 10 is installed on the supporting base 3 and
[0041] bow -type conveyor 42 is fixed on the vibration
disc_12 of the rotary vibrator 10. |nside the conve
42 \ihe éPP‘fesqu@iﬂ?Fédhﬁ%/F%t VRAATE SORYSHINEAPPRILIS e 1S A1fe7 Féﬁed

hne%%%rpfa%ée”%&@%r@gﬁ&%%ﬂ qd?aalfag)rwb%%%?a ras%f‘“ Py QA pCon i
spRBHOR I Batcop s S eest S Tish bV peen 2y
sup%dn@e% Ary tht %ﬁﬁln%ﬁgﬂlﬂaﬁﬁﬁf .‘Plh € r@ﬁﬁtlﬂgxlp ﬁ{er@i%rlﬁstﬁf dt(gle[he side of

onveyor Irver at t eadl ng
this FERRY cGREPRRIPE 3‘“‘832‘&%8“33%‘3‘?2?52;%ﬂ‘sg(é{)a??{”eﬁ %
havﬁ{g" PRy R\RleqhipPed WRRAneBScIREEon shth 68D b vibrating

mechanism similar to that described above. This vibratory conveying apparatus 6
receives defective components and other components which are not in a normal
posture and removed from a component removing part provided in the middle of the
conveying path 52a, among components conveyed along the conveying path 52a to the
right side as illustrated, conveys them to the left side as illustrated, that is, in a
direction reverse to the conveying path 52a inside a collection path 62a, and returns
them to a component receiving part 42d inside the conveyor 42 of the vibratory
conveying apparatus 4.
[0042]

In the vibratory conveying apparatus 4, the conveyor 42 is fixed on the
vibration disc 12 of the rotary vibrator 10 by using a bolt 43, etc. Then, when the

vibration disc 12 vibrates in the tangential direction as described above, the conveyor
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The above-described different vibratory conveying
apparatus 5 is a so-called I|inear-type parts feeder
and provided with a vibrating nmechanism51 installed
on the supporting base 3 and a conveyor 52 equi pped
with a linear conveying path 52a supported on the
vi brating mechanism51. Further, there is installed on
the side of this vibratory conveying apparatus 5 a
di fferent vibratory conveying apparatus 6 having a
conveyor 62 equipped with a linear collection path 62a
on a vibrating nechanismsimlar to that described
above. This vibratory conveying apparatus 6 receives

42 GiBER&Lh g GRKIBREAIFRaN th HinbonZAAROWER tige Vibiatibn dfse 12.
not in a normal posture and renoved from a conponent

At th@ e, g thagresept exbeltithent) stidse whichdk eppifedtth ¢he vibratiey disg 12
pat h 52a, anong conponents conveyed al ong the

in thoradey directipatihrédBeed o Sitndar resujtstars dbteinad aksd inthercateayor 42,
conveys themto the left side as illustrated, that is,

theiehy areveitirgrthe oonveyortd Fomdeingdigtoriedy i Fugthsn tthespthe
inside a collection path 62a, and returns themtqg a

supporting fesst1 26 oF thewiibrgtipmeisc 12 ip defiarmed byrbe abaygsiress, thsregnay
b S Sy bR RS B Fieh S8 b i ey
T R L e R
el pme o B ot ik DB BB R 2R bt B Bl Radipg o the
red b AR RSl L e O 0 e pr esent
[Oogmbodinent, stress which is applied to the vibration

disc 12 in the radial direction is reduced. Sim/l ar

r esWstaSmatid oPlebdkd) ek RA9 vibRatbNendBe v atorylcbnveyingr eby
preventing the conveyor 42 from being distorted.

apphtitisiie the progsheinvegtion shall not be limited to the above illustrated examples

and may be modified in various ways within a scope not departing from the gist of the
present invention. For example, in the above embodiment, the base 11 and the
piezoelectric driving body 14 are indirectly connected and fixed via the
attaching/fixing member 16, but the base 11 and the piezoelectric driving body 14 may
be directly connected and fixed. Further, in the above embodiment, the piezoelectric
driving body 14 and the elastic member 15 are directly connected and fixed but may be
connected and fixed by interposing some members between them.  Still further, in the
above embodiment, the elastic member 15 and the vibration disc 12 are directly
connected and fixed but may be connected and fixed by interposing some members
between them.

[Description of Symbols]
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supporting face 12s of the vibration disc 12 is
deforned by the above stress, there may be possible
devel opnent of a cl earance between the vibration disc
12 and the conveyor 42, resulting in unwanted
vibration or an increase in noise. In the present
enbodi nent, deformation of the supporting face 12s can
be suppressed |leading to the reduction of unwanted
vi bration and noise. [0043] As a matter of course, the
rotary vibrator and the vibratory conveying apparatus
in the present invention shall not be limted to the
above illustrated exanples and may be nodified in
[0044y i ous ways Wi thin a scope not departing fromthe
gist of the present invention. For exanple, in the
10: &ovatg vibrlwoeli ment, the base 11 and the piezoelectric
driving body 14 are indirectly connected and fixed via
10xt Ais latet achi ng/ fi xi ng nmenber 16, but the base 11 and
the piezoelectric driving body 14 may be directly
11:Bgsmect ed and fixed. Further, in the above enbodi nent,
the piezoelectric driving body 14 and the elastic
Haxbpperfad®s are directly connected and fixed but may be
nected and fixed by interposing sone nenbers
KkgggWgéﬁﬁPﬁenl Still further, in the above enbodi nent,
12t e eI? tic menber 15 and the vibration disc 12 are
4 PQ@Ffﬁlmgbnnected and fixed but may be connected and

fi i nt er posi ng sone nenbers between them
125[%%@%?@%?@% of Symbols] 22 [0044] 10: Rotary

13:Wibfa@th®hecHanRn Axi s line

14: Piezoelectric driving body

14a: Inner periphery part

14b: Outer periphery part

14y: Extension line

15: Elastic member

15a: Inner periphery side connection part
15b: Outer periphery side connection part
15¢: Intermediate bent part

15d, 15e: Outer edge

16: Attaching/fixing member

16a: Inner periphery end

16s: Fixed region

4: Vibratory conveying apparatus

42: Conveyor
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11: Base 11 a: Upper face 12: Vibration disc 12a:
Connected part 12s: Supporting face 13: Vibrating
mechani sm 14: Piezoel ectric driving body 14a: |nner
peri phery part 14b: CQuter periphery part 14y:
Extension line 15: Elastic nmenber 15a: |nner periphery
si de connection part 15b: Quter periphery side
connection part 15c: Internedi ate bent part 15d, 15e:
Quter edge 16: Attaching/fixing nenber 16a: I|nner

peri phery end 16s: Fixed region 4: Vibratory conveying
apparatus 42: Conveyor 23 42a: Conveying path 24

42a: Conveying path
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What is claimis: 1. Arotary vibrator conprising: a
base; a vibration disc arranged over the base; a
pi ezoel ectric driving body having an inner periphery
part directly or indirectly connected to the base and
extending radially outwardly fromthe inner periphery
part: and an el astic nenber connected between an outer
peri phery part of the piezoelectric driving body and
WHabh® dldifarigt i on di sc, wherein the elastic nenber is a
pl ate-1i ke nmenber extending in the radial direction in
a range froman inner periphery side connection part
connba%w@hrymhratermmmsnpgéri phery part of the
pi ezg&{sgctrl c driving body to an outer periphery side
connect i'on part connected to the vibration disc, and
whi chviheation disgagengsdavey thsdiese;shape. 2. The rotary

vi b r@ﬁl@ie?e?&w @lwiﬁg b@d lhaifhﬁgt dn mnae;re?pne@qiah drilfecﬂliler
. O nnecti on
indigrBRg e e Beskand ERGROpA R AR anReay P e g

periphesciaroand and t he eI ast| ¢ nmenber having an

inter gggsﬁ%t engl%] e d %E%\é%%%to'ﬁ‘?erb@ﬂﬁf 5225& Bh&! y

si de™ outer ry si
piezaphertric droving hody, andﬁh@ Mlbéa&m@nh%c, theteﬁé radi al

di r &gk ERBc %anfn’ﬁgr 8 %‘iﬂ’zﬁe—&ﬁe n%ﬁ%e? bgtendiflg iltBe kA8 Qliet®dn in a

direction, thereafte ich bends to verse Si
range, frpmiean iNBGTRSHPREY SH{CI"@EWCBHH pat amgzja@a twﬁne S W@g@gy part
of the pfeﬁgelé@ﬂb dhvﬂg b8a¥ tddh owler periphetsitteyconhdutiah @art connected to
or di cl ai erein the outer
theagq: ‘?g" ??Vhb‘il’rﬂaﬁél(%?)‘}g&@aelﬁg%%apar i vi ng body and

the inner periphery side connection part of the
el asi.iﬁemibx%& dcb&Bthet8 iRt Gheleh @ State of
Both of the inner periphery side connection part and the outer periphery side
connection part extend in the radial direction, and the elastic member having an
intermediate bent part between the inner periphery side connection part and the outer
periphery side connection part, which extends in the radial direction, which bends to

one side in the tangential direction, thereafter, which bends to a reverse side in the
tangential direction, and again which extends in the radial direction.

3. The rotary vibrator according to claim 1 or claim2, wherein

the outer periphery part of the piezoelectric driving body and the inner
periphery side connection part of the elastic member are fixed each other in a state of
being overlaid in the tangential direction, and

the outer periphery side connection part of the elastic member is arranged on
the side of the piezoelectric driving body viewing in the tangential direction comparing
with the inner periphery side connection part of the elastic member due to the fact that

the elastic member is formed in a tangentially bent shape.

4. The rotary vibrator according to claim 3, wherein

the outer periphery side connection part of the elastic member extends in the
radial direction on an extension line of the piezoelectric driving body.

5. The rotary vibrator according to claim 1 or claim 2, wherein
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being overlaid in the tangential direction, and the
outer periphery side connection part of the el astic
menber is arranged on the side of the piezoelectric
driving body viewing in the tangential direction
conparing wth the inner periphery side connection

part of the elastic nmenber due to the fact that the

el astic nmenber is forned in a tangentially bent shape.
4. The elastiamymbethaving outercdgel orgthe appdrainthl@yerwinds whith are

forﬁxh(?lrféjltegéss%gﬁrg )?(lﬁa\éngés%g Rt%ﬁgec;ti on part of the

radi al direction on an
extension line of the piezoelectric driving body. 5.

mgrdc; Iq'?]l@'i'%tgt\yt @féﬁte&ggaﬁaﬁag% BRith 9 d\i:cir?ldﬁlzl v&gkreﬁ{d alegn gn
t he hpBEer pFPhepRAT ‘éflﬁg%mﬁﬁ‘i"‘j?f’“é drivifig Bﬁé‘aw.fﬁ‘ g% the end of
the i1gfe §?ﬁﬂwﬁﬁ§1&@oﬁhﬁﬁ&cﬁﬁ§,ﬂﬁ@ﬁglmein}5er @ippeé withtfived face
r.at.or or
rogi R PR APy e Moot e S B in I oDk on
is fixed to the end of the inner periphery side of an
tt [ gt h a fixed f
Feqt i R AR BREBEa S BRGHE " 0 Lttt hor owi th
to ehe eieryiviibretes agepidiag t‘dihﬁ@himdrpf crim2;andr at or y

con Vaeéﬂn‘i}gyd? legad ?ﬁé&@ltﬁ ‘ﬁ@?frblsdoﬂgeylﬁ 8 gath QkRhdinY iRt gential
e claiml1 or claim and a conveyor

accor
dm‘é&ﬂ‘i"ﬁ%égh ng‘ﬁ d.ondhe Y‘grat’QBﬁPé?yl ng path extending in the

tangential direction, which is fixed on the vibration
di sc. 26
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