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cr .. . BACKGROUND OF THE INVENTION .
| Field of the (nvention :

This '-ii:ﬁieni_:ion relates to a vibratory apparatus which
is used'_,' ' f_br ~example, for - handlin_g or transporting parts

such as bolts, nuts, transistors and so on.
Des_criptién of the Prior Art:

Fc_sf '.e_xamp_l_e, “Vibratiqn Application Technology"
pub_liShed 'in 1992 by Industrial Research Association,:
dis.closes a.-_.vibratory apparatus of - the self-exci_téd
oscillation type. It is shown in Fig.l. In Fig.l, a
'close'd. 1qu ."c;'onsists of. a vibratory machine 1, a
vibration .de{:e.ctor 2, a self-excited oscillation
con‘troiler.'_l- 3,,  _.a power amplifiér 4, and a v_ibfatory
exciter 5. Whén the phase lag of the transfer function
is equél _' to 180 degrees at a certain frequency under the
opéned loop '.cbndition, and the gain of .the' opened
transfer funct_i_én is larger than ohe (stability limit), a
self-excited oscillation can be effected at the above
certain f.'requ.'e_ncy in the closed loop. The gain is
required _t__d be . sufficie_n.tly high for improving the
rise—\ip 6f 't'h'e .' self-excited oscillatiori; For example, it
is equal. to 100. The gain incl\:_ldes not only the gain of
the v1brat10n detector, the gain of the controllier and
the _galn_ ' '_of_ the power amplifier, but also the
input—output .l'cor_l'version' gain of the vibratory exciter.

However, when the vibratory exciter 5 is an
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For. exanpl e, "Vibration Application Technology" published in 1992 by
I ndustrial Research Association, discloses a vibratory apparatus of
the self-excited .oscillation type. It is showmn in Fig.1l In

Fig.l, a «Xsetro+magne€pnsi sts bhs a thdratmsy-1imedirne ot, a&quare
vibration detector 2, a - self-excited oscillation controller 3, a

-~ power anpl i felaractemistici bwhtichy isxcithe 5reladrianshighasketweenf the
transfer function is equal to 180 degrees at a certain frequency under the
opened | oop @wrrent onflawdnghe tdwongly ttheoperdd tanthsfthef upttirantive

| arger than one-(stability limt),  a _self-excited_oscillation can be -
effected at ¥HERLSRE MM 37 r Eddedcy PRCORSiINGITad tBSp. 1RREtGEREPPE

conversion_'gaip.'or the differential coefficient is equal
to zero:Or'neafly equal to =zero ﬁearly at the current of
zero or'w'ii_:h_i.n,_ _t:he range sho'wn. by a reference .ma'rk A in
Fig.2. IA 'I.xli_gh gain cannot be obtained in an opened loop. |
Thus, a self-excited oscillatiori_ ‘cannot be generated.

Genefally,._ é self-excited resonance-type vibratory
apparatx_:s -'hés,. the .advantage that it automatically follows
up a fésonanée Tpoint;' However, ény control is required
.for maintaining an amplitude of a vib:atory machine at a
definite. v_.a_lu._e..l "When the amplitude is maintained at the
definite.Vaiue by a saturatiqn characteristics of a power
amplifier, the. output of the. power amplifier is
réctanguiai_’:, _'__an_'d therefore, it includes much high
frequency 'c,éﬁ‘éonehts . :

A 's"e.l.f-excit‘ed 'vibratory 'apparatus Q as shown in
Fig.3 vi-ras'. dis{:lo.sed in the Japanese Patent Application
No.154599/1_98_6,.' in considerati.on.. of the above-described
defects 6f._- the Prior Art. Fig.4 shows a block diagram of
_transf_e_r'-' functions " of an impéftant part of the
self-excited 'v_ibratoxjy _apparatﬁs Q.'_:als' shown in Fig.3.

In '- .Fig..4’,_ a vibratory machine ‘is generally.de'signated
by a'. refe’rence.'.nu'meral 1', and it is represented by a
éhown ¢h;£écteristic equation. A vibration detector 2' is
arrangedl adjaééhf to._the _vibraton' machine 1'. When the

vibratbfy_'machi_ne 1' is a vibratory parts-feeder, the

vibration 'detéc_:tor 2' is an eddy current type sensor, and
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required to be sufficiently high for inproving the. rise-up of the
sel f-excited oscillation. For exanple, it is equal to 100. The gain
i ncl udes not only the gain of the vibration detector, the gain of the

controller gpdid herr&iged 88jackhe tﬁpvﬁrlegﬁpléﬂfﬁ{g wﬂi'f:h c%ltrﬁﬁnetshe

i nput - out put conversion gain of the vibratory exciter.
the vibratbewl exmbva@bled part) awith a base. The output of t:‘?he

el ect romagnet , it has, the non-linear or square
vibrator sensor 2' is supplied to an amplitude controller
~3', and an output of the amplitude' controller 3' is
supplied to a pow_er amplifier 4°'. -

On the other hand, an output x of the vibratory
_machi_.'ne 1 is 'supplied to a self-excited 'oscillation
-controller 7! which_ inc.lnde's an adder 6' and a first
order lag element 5'. The output x of the vibratory
‘machine 1' is negatively fed-back to the adder 6'_. Since
the vibretory machine 1' is self-excited, another input
to the adder 6' is zero. The output of the adder 6' is
supplied to the first order lag element 5', and further
an output of .the first orc_l_er_ lag element 5' is supplied
to the power amplifier 4'. |

In the vibratory machine 1', a mass m vibrates at an
acceleration, dx2/dt2. The vibratory velocity of the mass
m is equal to dx/dt, when the lag element is equal to
l/s, where s represents a Laplace transform. A damping
force (cXx dx/dt_) is applied to_ the ~mass m, wherel c
represents a viecous coefficient. " The "'dx/'dt" is
transferred to a dlsplacement X by the lag element 1/s. A
restor:.ng force kx is _further applied to the mass m,
where k represents a spring constant of a restoring force
- of a spring. ‘

The vibratory machine 1’ can .be schematically.
represented bfr such a. closed 1loop. The displacement x
lags by .90 degrees behind the foree at the resonant
frequency. Since the displacement P4 .is made to lag by 90

degrees, by the. first order lag element 5' in the
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characteristic which is the relationship between the cu_rrént flow ng
through the coil and the attractive force as shown in Fig.2. Accordingly,
the input-output conversion gain or the differential coefficient is equal

to zero or gepflgxeqeal t 0 &R0 1RAADY AtcdierSLidNt 9F | Zepgeor \%}ngen
the range shown by a reference mark A'in Fig.2. A high gain cannot be

obtai ned i nahfifepened | P9p.equdllis,tam 380f - agrbad oshi |ldmt igpedannalodie
gener at ed. CGeneral ly, a self-excited resonance-type vibratory
appar at us htBushe aadsehfagecihed iascililatdiarc abégones| pussilflen. rwWRanace
point. However, any control is required for maintaining an anplitude of a
vi bratory n@@iPnKat of #bei npewerylamplififer t ¥ adfl iover i sdiamidiitod at
the limit, the system shown in Fig.4 can self—ekcitedly
oscillate. The difference between the preséﬁt amplitude
and a predetermined amp.litude is de-_t.:ected in an amplitude
controllef.3'. The gain K, of the power amplifier 4' is
controlled _with _the __ouEpﬁt representing t;he di‘fferen_ce.
Wheh the difference between the present amplitude and the
predeterminéd amplitude is largei:, the gain K, df the
. power amplifier 4' is higher. | When the vibratory
displacexhent of the Vibratory machine 1' reaches the
predetermined amplitude, the gain K, of the power
' amplifier 4 'is brought to the stability limit. As shown
in Fig.5, the .relationship between the difference_ A r and
the gain K, of the power amplifier .4' is linear. When the
rise-up chéracteristic of the self-excited oscillation-is
made rapid, the gain K of the power amplifi'ex; 4' should
be. required to be sufficiently large, since the
diffe_rence Ar is large at fhe control start. However,
the high frequency. components or ripples of the output
of the amplitude detector 2' is much amplified by the
power amplifier 4°'. Thus, the output of the power
amplifier 4'_ Qaries vé_ry much. Thefe is the disadvantage
that the vibratory machine cannot' 'he. stably

self-excitedly oscillated. |

Fig.6 shows a vibratory apparétu_s of the self-excited

oScillation t:ype_ of the Prior Art. It is genei‘ally

denoted by é reference numeral 1". A vibratory machine 2"
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definite value. by a saturation characteristics of a power anplifier, the
out put of the power. anplifier is rectangular, and therefore, it
i ncl udes rmch hi gh frequency conponents. . A self-excited vibratory

appar at us . 1545%@8% Fig. 3iviatdiiys Ck%Jﬁéd@r Japangsg ngtlgqlt

Applicati on I n consi deration of the above-descri

defects of ddiad¥d®r 3N bf Filtle 4e8B9cRr MEKtPpaITAM Hf rahf@ds b8 acent
functions of an  inportant - part of the self-excited vibratory

 apparatus @msashie#f i 8piigg3. in the nvfbgaﬂorﬁ \idutelme y 2MMacAmeoutput
generally designated by -a reference nuneral .1', ~and it is represented by
a shown chaff actldre st ivibapieiioron. detedhon | orB"detéG‘:tor smppldedar r &9geda
adj acent to the vibratory machine 1'. \Wen the >
self-excited oscillation controller 4". An out-put of the
self—excited oscillation controller 4" 'is ‘amplified by a_
power arriﬁlifier 5", and the ampllfled output is supplled
to a v‘ibratory exciter 6" wh:.ch is, for example, the
electro-magnetic exciter of the vibratory machine 2".

The -.v'ib_r.atory machine 2" is self-egcitedly oscillated
by the s'elf—oscillation controller 4". To stop .the
v1brat10n of the v1bratory machlne 2" a stop signal is
supplled at time to as shown in Fig.7. For example, an
electric wire a between the self-excited oscillation
controll,ér_ 4" and the power amplifi.e'r 5" or another
electric li.ne' b between the power amplifier 5" and the
vibration exc_:iter 6" 1is cut off. _Thus, the vibratory
machine 2" is stopped. T_he amplitude of a movable part or
a bowl -qf .the vibrétory machine 2" is ekponentially
decreased_ with time from time to. In Fig.7, the bowl is
vibrated at a prédetermined_ amplitude till time to. It
requires ' a considerable time that the amplitude of the
bowl is reduced to 0. |

A spiral track is formed inside the bowl in the
vibrator.y.. _mabhiné 2", ' Parts are oriented and
posture_—j_r_fec';'tified along the spiral track in the bowl. It
requires'" a '._con.sid_e_rable time that the amp_lifude of t:he
bowl is _f:,edixc_éd to zero after time to when the stop

signal is -gené.rated. Accordingly,the parts supply is not

e

stopp‘éd_ at the same time as the time to. For some time
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vibratory machine 1' is a vibratory parts-feeder, the vibration detector
2" is an eddy current type sensor, and 3

it is arranged adjacent to a |leaf spring which conbines a bow (m)vabl e
part) with a ?g§e il feutp Jléaf phPes & Nle STBSObe 2 supplsidP! k8d i an

~anplitude controller 3=-"and an out put of the anplitude controller 3' is
supplled tonéxﬁmmﬁtéﬁﬁﬂlthE Qs often a great dlsadvantage. The time
that the amplitude of the bowl in the vibratory machine
2" is reduced to zero after the stop signal, depends on
the dumping characteristic of the vibratory machine 2".
it is proportlonal to the velocity of the movable part.
It is a re51st1ve force. A force for v1brat1ng the
vibratory machine 2" ét_ the resonant frequency 1ncreases
with a dumpiﬁg -coefficients and it causes much 1loss ot
energy. |
Fig.8 shows another vibratory ~ apparatus of the
forced-vibrafion type. If is genefally denoted by a
reference_ nnmefal 1A. A current from the commercial
supply 7 is_supplied to an electro-magnetic coil 10 of an
elect:o-magnet _9 in the vibratbry parts-feeder 2A which
is one exampie of the vibrétory' machine. The wvibratory
machine 2A is shown in details, in Fig.8. For example,
the frequency of the commercial supply 7 is equal to 50
Hz. It is 'supplied through a controller 8 to the
vibratory machine 2A. The bowl 11 is OSCiliated at a
predetermined.-aﬁplitude, Also in the vibratory apparatus
of the forcedIVibration type, a switch is arranged at an
electric linéjg' heéween the'commergial supply 7 and the
controller .8,” or an electric 1iné a .between the
controller 8 and the electro—magnetic coil 10. The switch
is turned off .to stop the drive of the parts feeder 2.
And the hoWlnli is stopped. Also in this case, in the

same manner as the vibratory parts-feeder 2 of the

self-excited - oscillation type. it is transiently
vibrated. Accordingly, it .requires a con51derah1e time
eet Has Been Replaced
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On the other hand, an output x of the vibratory machine 1' is supplied to
a.self-excited oscillation,_controller 7' which includes an adder 6' and a
first order lag . element 5. .The output x of. the vibratory nachine

1' “is negatdned! Y thad- Baskit@akheofddele bhowS NES  rducddr acdr v . Meshige 1’
Is self-excited, another input to the adder 6' is zero. The output of the

adder 6' is tnuteplisetthd GBdV fddsur iveter didadtaieage 5, and further an
out’put of the first order lag elenent 5 is supplied to the power
anplifier 4'. In the vibratory nmachine 1', a nass mvibrates at an
~acceleration, dx[err] /dt[err]. The vi bratory velocity of the mass mis
~equal to dx/ dt when the | ag eﬂwY [OF iiF|INVENTY where s represents
a Lapl ace transf or m A danpi ng ' '

Accordingiy, it is aﬁ object t.:o.providé a vibratory
apparafﬁs which is reliabie for handling parts.
In accordan¢e with an aépect of this invention, a
vibratory apbaratus‘ comprising:
(A) vibiatorj ...speed detecting means for detecting a
vibratory speed of a vibratory machine;
(B) a _self—exdited oscillation controller for amplifying
the ouf.put_ of said vibratory speed detectihg means at a
feed-back ‘gain K, receiving the output of said vibratory
speed détectiﬁgiﬁeans as a positivé feed-back signal;
(C) é powef -amplifier- for power-amplifying the output of
said self—excifed oscillation controller; and
(D) a Vibratbty exciter receiiring the output of said
power amplifier'for vibrating said vibratory machine, the
imprévemenfs in which said -f'eed t_:ack gain K is changed in
accqrdén"c_:e’ withi {:he eqﬁat_ion;' K = KA + Ke( Arx)2é+t +
Kcr, whéreA r represents the amplitude difference between
a predetermined " ampllﬂi{:ude and the present amplitude, K,,
Ky cons_ta'nts,. N' an integer',. and Kcr critical stability
gain.
In acco'rdance with another aspect of this invention,
" a v'ibratory'._a.-ppa'ra.tus c;)mprisi_ng:
(A) ,_vibratory 'di:slplaceu.xent det_ecti.ng means fof detecting
a vibrafofy;displacement of a Qibratory_machine:

(B) a self—ex'ci'ted oscillation controller for amplifying
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force (cx dx/dt) is applied to the mass m where ¢ represents a

Vi scous coefficient. The "dx/dt" is transferred to a displacenent
x by the lag el ement 1/s. restoring force kx is further applied to the
mss m  whepg lodERies oFt Sséllépblllbg-a&t@li?t abisplacemest odetgcitinge medns
.spring. - The- vibratory machine 1' can be schematically

~representedaky auclfeadsbatdd Igadm e dieqeiacimenttbe |QutPwy %fde@ahfés
behind the force at the resonant freguency Since the displacement x is

made to | agvipratoryegraisplagemémt | detestdag | Apanenef 53 | MegRtive
feed-back  signal, and controlling phase lag by
integrati-ng element or first o'rder..lag element;
(C). a power"amp"lifi.er for power-amplifying the output of
said self-exoited_oscillation controller; and
(D) a vibratoﬁ exoiter receiving the output of said
power 'amp'litier l'for vibrating said vibratory machine, the
.improvema_nts_.i_n which said feed back gain K is changed in
accord__ance'With the equation ; K = K, Ar + Ke( A r)2v*!
+ Kcr,- where AT -represent_s the amplitude difference
betwe_en ' a.. pradetermined amplitude and the _present
amplitude,. 'Kl_,. Ky- constants, N an integer, and Kcr
critical stability gain.

-I‘n-. accordahce with a 'further aspect of this

1nventlon, ‘a vibratory apparatus compr:.sxng-
(A) v:.bratory displacement detecting means for detecting
a vihratory_ displacement of a vibratory machine;
(B) | a self-e_-xo;ttedl ‘oscillation controller for amplifying
the output of- said vibratory displacement détecting means
at a feed-back gain K, receiving the output of said
v1bratory dlsplacement detecti_ng means as a negative
feed-hack 51gna1- |
(C) a. power ampllfler for power—ampllfylng the output of
said self—exc:.ted oscillation controller- and
(D) an’ electro-magnet rece1v1ng the output of said power
ampl:.fler and generatlng a magnetic-attractlve force for
_vibrating s__a1d v1brat1ng machlne, the improvements in

which said feed back gain K is ohanged in accordance with
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4 self-excited oscillation controller 7. The phase

I's equal to 180 degree, in an opened |oop. Thus, a self-excited

di f ference

oscill ation becones possible. Wen a gain Klerr] of the power anplifier 4
IS over a sthéi equatilony tK EheKsgstem sho(n A ir)Eid.'4 eaKcael fwheret etllyy

oscillate. The difference between the .present anplitude and a

predet er mi nePESRRREIde | thelet ecemplifude anpiffegensent r obedwedn The

gain K err] of_the power anpllfler 4' is controlled with the out

repr esent i reFedRterpined hamplijgde ( pRdqither BREECBE: AL 19y o

anplltude %gg ttants,

ggnt Ky

N an 1nteger, and Kcr cr1tical stability gain.

In accordance w1th a still further aspect of this

'1nvention, a vibratory apparatus comprising.

(A) vibratory _displacement detecting means for detecting

a vibratcry displacement of a vibratory machine;

({B) a self-excited oscillation controller for amplifying

the output of.Said_vibratory displacement detecting means'

© at a feed-back gain K, receiving the output of

vibratory displacement detecting means as a

feed-back signal;

(C) a pewer amplifier for power-amplifying the output of

said self-excited oscillation controller; and

said

negative

(D) an electro-magnet receiving the output of said power

amplifier and 'generating a magnetic-attractive force €for

vibrating said vibratory machine, the improvements

in

which a diode is connected to the electro-magnetic coil

of the electro-magnet.

In acccrdance' with a still further aspect of this

invention, a vibratory apparatus ccmprisingé

(a) vibratcry' displacement ‘detecting means for detecting

a vibratory displacement of a vibratory machine;

(B) a selféexcited. oscillation controller for amplifying

the cutput of said vibratory displacement detecting means

at a feed—back' gain K, receiving the output of

vibratory: displacement detecting means as a

feed-back signal;

(C) a power amplifier for power-amplifying the output of

? . This Sheet Has Been Replaced
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plredeterm:ned anplitude is larger, the gain Klerr] of the power anplifier
4 is higher. When the vibratory displacenent of -the vibratory
machi ne 1' reaches the  predeterm ned anplitude, the gain Klerr] of

the power gapal kéheledcitadPbaedhlatachhecntabilliely bindt. As shown in
-Fig.5, the relationship between the difference Ar and the gain K err] of

the power apphi farereglecti-oLmagaet Wheare ivieng r ithe- upuicnat acifer §aidc piwethe
self - ex0|ted oscillation is nade rapid, the gain K of the power anplifier
4' should b&mpli€deir eaindtcgerina:atlswflacmmnqtlﬁétgﬁacts}'ﬁcefotwé for
difference Ar is large at the control start. However t he hi

i
frequency cukboating oS adidyp VP HLAME JrAGRANE of th?helﬁ'ﬁ’ﬁp"feﬂ'gé‘t&ete’&or

2' is much amplified by the
which said. electro—magnet includes a permanent magnet.

In accordance with a still further aspect of this.
invention, a v1bratory apparatus comprising. |
(A) v1bratory displacement detecting means for detecting
a Vibratory displacement of a Vibratory machine;
(B) a self-exc:.ted oscillation controller for amplifying
the output of,_said vibratory displacement detecting means
at a feed—b_ack gain K, receiving the output of said
vibratory displacement detecting means as a negat.'ive
feed-back signal; |
(C) a power amplifier for " power—amplifying the ontput of
said self-exoired oscillation controller; and
{D) an electro—inagnet receiving the output of said power
amplifler and generat1ng a magnetic-attractive force for
vibrating said vibratory machine, the improvements in
‘which a constant D(l:' current is flowed into the
electro-magnetic coil of said electro-magnet.

In accordance w1th a still further aspect of this
1nvention, a v1bratory apparatus comprising-
- (A) _vibratory_ speed detecting means for detecting a
vibratory speed of a'vibratory machine; |
(B) a self—excli'il:ed oscillation controller for amplifying
the output o'f‘ _said vibratory speed detecting means at a
first feed-back gain,. receiving the output of said
vibratory speed detecting means as a positive feed-back
signal; - |

heet Has Been Replaced
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power anplifier 4'. Thus, the output of the power anplifier 4 wvaries

very much. There is the disadvantage that the vibratory nachi ne cannot be
Fig.6 shows a vibratory apparatus

stably

sel f-excitedly oscillated.

of "the sel f (eycid efowBeCiadmplifiet yForof pblierFamplifying! ttHes gebpht! loe
denoted by a reference nuneral 1". A vibratory nachine 2"
S . Is, fosatdaspl€resciitbdabecyljationf eedtrolAern;biand on

(D) a vibrafoﬁy exciter receiving the output of said
power_amplifierffo: vibrating said vi5ratorY machine;

(E) a closed loo§ being formed by said vibratory machine,
said vibratory séeéd 'detectipg meahs, said self-excited
oscillation cdntroller,' said power amplifiér and said
vibratory exciﬁer, the improvemenfs in which séid closed

loop is opened; ‘'when said vibratory machine is stopped,

and the output' of said wvibratory speed detecting means-

is amplified éé a negative feed—back signal at a second
feed-back gain, and supplied to said vibratory exciter.

'In _accordance‘ with ‘a still further aspect of this
invention, a'vibfatory apparatus éomprising:
(A) vibfatory  disp1acement detecting means for detecting

a vibratory displacement of a vibratory machine;

(B) a self-excited oscillation chtroller for amplifying

the‘output of éaid vibratory displacement detecting means
at a first feéﬁéback: gain, receiving the output of said
vibratory diSplacementn detecting means as. a negative
feed-back. signal- and for controllihg phase .lag by an
ihtegrating eie@ent or first-order'lag element; |

(C) a power'amplifiér'for powef-émplifying the output of
said sélf—excited oscillation contrdlier; and

(b) a vibratdff exciter receivihg the oufput of said

power amplifier for vibrating said vibratory machine;

{E) a closed ioop béing formed by said vibratory machine,

said vibratory dispiacement detecting means, said

self-excited oséiliation 'controller,_ said power amplifier

and said vibratbry exciter, the improvements in -which
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~detector 3" of the eddy current type is arranged adj acent to a leaf spring
in the vibratory machine 2". An output - of the wvibration detector 3"
i's supplied to a self-excited oscillation controller 4". An out-put of

the self-esaidedlosed | 2bbpn toniopeined, 4yhen asplidfl iwibivtery PaRihine
anplifier 5", and the anplified output is supplied to a vibratory exciter
6" .which isisforsteppptle, tland el ethe o- meghpuitc exf t ersaidt he wibiatioaty
machi ne 2". The vibratory machine 2" is self-excitedly oscillated by
the sel f - ctigplagemgnt cont r odedecting Teans opist hdiffepentietedf iane

vi bratory nmachin 2" a stop signal is _supplied at tinme to as shown in
Fig.7. For ied 5@s ofect PRIAfVE af%égv@éﬁ kt he s§@malexatt el second

oscill ationfeecd)—rgacl lgearirf';" an st@;?pflgﬁr ngal I\eribgatoryaggzzg?:rer.

In accordance with a still further_aspect of this
i_nvention, a vibratory apparatus comprising:
(a) vibratoryi displacement 'detecting means for detecting
a vibratory speed of a v1hratory mach:.ne,
(B) a self-exc1ted oscillation controller for amplifying
the output of sa1d vibratory displacement detecting means
at a first feed-back gain, receiving the output of said
vibratory di’spia.cement detecting means as a negative
feed-back signal ;
(C).. a power ampli_.fier_ for power-amplifying the output of
said self-excited.oscillation controller; and
(D) an electro-magnet receiving the output of said power
amp11f1er for v:.brating said vibratory machine;
(E) a closed loop being formed by said vibratory machine,
said vibratory displacement ~ detecting means, said
s-élf-excited _oscillation' controlller,' said power amplifier
and said electrofmagnet; the improvements in which said
closed loop is. opened, when said vibratory macnine is
stopped, and the output of said vibratory displacement
detecting- means are twice differentiated, or once
differentiated .and phase—advanced by 90 degrees ,. and
amplified as a negatlve feed-back 31gna1 "at a second
feed-back galn, and supplled to said electro-magnet.

In accordance with a still further aspect of this

1nventlon, a v1bratory apparatus compr:.s:.ng-

- This.Sheet Has Been Replaced
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electric line b between the power anplifier 5" and the vibration exciter
6" is cut off. Thus, the vibratory mnmachine 2" is stopped. The
anplitude of a novable part or a bow of the vibratory machine 2" is
exponenti al (¥) decvibsatoryt exdited r eceivinyo.ad nekieettid hpohew firom
vibrated at a predeterm ned anplitude till time to. It requires a

consi der abl ant AGepowear stmraepl I tude of the bow is reduced to O. A
spiral track is forned inside the bow in the vibratory machine 2" .
Parts are(B)ord eNdibFatozwd mapehine e Qfocthei centepredt ikpationt tage.in

the bow . It ires a considerable tine that the anplitude of. the bow
s reduced f%c‘ib\gg %fte? tlwqfﬂ:‘ﬂ@th °sr1"t?p from ° said vibratory

exciter; and
(C) a vibratéry speed detecting means 'fqr detecting the
vibrationai _spééd of said vibratory machine, the
improvement in which said vibratofy éxciter is cut off
-from said .A'C power source, and' the_ output of sa1d
vibratory speed detectlng means is amplified and supplied
to said v1bratory exc1ter as a negatlve feed- back signal
when said vibra_{:ory.machine is stopped. |

In accordance with a still further aspect of this
inventioﬁ, a vibratory apparatus comprising: |
(A) a vibratofy' 'e#citer receiving an electfic power from
an AC power sourcé: _
(B) a vibratoty machine of the enforced vibration type,
receiving a .- vibrational force froml said vibratory
exciter; and
{C) a vibrato:y displacement 'detecting means for
detecting fhé vibrational displacement of ‘said
vibratory machine, the improvement in which said
vibratory exciter is cut off from said AC power source,
and .the .dutput of said__vibratory, displacement detecting
means 1is amplified as é negétive feed-back signal and,

'_phase—controlled for phase lag_ by an integrating or

first—ordér lag element and supplie.d' to said vibratory
exciter. |

'fn aééordancé with a still further aspect of this

invention, in a vibratory apparatus comprising:

- : This Sheet Has'iTelnliellliced / j




si‘gnal

I s generated. Accordingly,the parts supply |s not stopped at the

sane tine as the tinme to. For sonme tine
after time to, the parts continue to be supplied to the next stage. That
i s often a & eadxcltshtlyaniegieanise tfor ihpartihg atpl i safld obibkatbeyl
the vibratory-machine 2" is reduced to zero after the stop signal,

depends on apperatursi nnchar edeetirdci c powelrhe fiddm atany ebettnéc?2" power i's
proportional to the velocity of the novable part.

. source, the improvement in which vibratory speed

detecting means is arranged adjacent to said movable part
or atf_a_ched ' to said movable part and said exciting
mechanism is cut off from said électric power source

when said vibratory app_arétus is stopped, and the output

of said vibratory speed detecting means is supplied

directly to said exciting mechanism or amplified to said
vibratory mechanism as a negative feed-back signal.
The foregoing and other objects, features, and

advantéges of | the present invention will be more readily

_understood upon' consideration of the following detailed

description of the preferred embodiments of the
invention, taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a block diagram of a _.\'ribratory a'ppa.'ratus of
one Priof Art.

Fig.2 -is é chart for eiélaining '.opera_tion of the Prior
Art. -'

Fig.3.is a block diagram of a_“vi'bratory apparatus of
another Prior Art. |

Fig.4 is a block diagram of an important part of the

.other Prior Art.

Fig.5 is a charf for explain’ing_operation of the other

Prlor Art

Fig.6 is a block dlagram of a further Prior Art.
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It is a resistive force. A force for vibrating the vibratory
machi ne 2" at the resonant_frequency I ncreases. with a dunping coefficients
and it causes nuch | oss of enerqgy. Fig.8 shows another vibratory

apparatus of gike7 fofcad-vin aEhaptt e diplsimengr ahey Hlardier byier
reference nunmeral 1A A current fromthe comrercial supply 7 is supplied
to an el ect pgmgnetic coil 10 of an electromagnet 9 in the vibratory
parts feeder 2A which is one exanple of the vibratory machi ne. The
vibratory rmaciflige @Aiss ahcowide nwiesai b€, an VAhratoryr apparitals pofe a
frequency of the commercial supply 7 is equal to 50 Hz. It is supplied
t hrough a ﬁ&mﬂhﬂﬂlﬂﬁiOQBAﬁQ> the vibratory machine 2A.  The bow 11

is oscillated at .
Fig.9 .1s ca’ block diagram of a vibratory ap_pal;atus

.accordlng to a f1rst embodiment of this invention.

Fig.1l0 is _an_ enlarged view of a vibratory exciter in
.Fig.9.

'F.ig.ll is a chart for showing_operationl of the first
'emhodiment_. | |

Fig.12 is' another '. chart for explaining operation of
the first emhodlment. |

Fig. 13 is a 51de view of a vibratory exciter according
to a second embodiment of this invention.

'Fig.14 is 'a block diagram of an important part of a
vibratory abparaths acoording fo a third embodiment of
this inve.ntiori.

.Fig.ls i.s o chart for explaining the second emboditnent
of this invention.

Fig.16 is a block diagram of a vibrotory apparatus
accord:.ng to a fourth embodlment of this 1nventlon.

Flg.l? is a chart for explaining operation of the
fourth embodiment.

.Fig 13 is}.a chart for explaining the comparison

. between thlS 1nvent10n and the Prior Art

Fig. 19 is a chart for explalnlng the operation of the
fourth em_bod_unent_ o_f thxs invention.

F'ig.20' 1s - a --b_l'oc.:k diagram of vibratory apparatus
according Ed'a'fifth embodiment of this invention. .

Fig.21 is ‘a  chart for explaining the comparlson
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predeterm ned anplitude. Also in the vibratory apparatus of the f or ced
vibration type, a swtch is arranged at an electric line ¢ between the

~ conmer ci al

bet ween t hbetweenr theePr&oandrthandl ¢htisogngeationcoi | 10. The switch

supply 7 and the " controller 8, or an electric line d

turned off to stop the drive of the parts feeder 2. And the, bow 11 is
‘stopped. Al so FigtRR2s isasa, chartt hfor seaplaimimgr the operatdidi abr the
parts-feeder 2 of - the self-excited osciltlation type, it
transi ent | yFiftRr ambadimeptopfi hi§, inventéguires a considerable time

Fig.23 is a block diagram of a vibratory apparatus
accordihg to a sixth embodiment of .th.is_ invention.

._Fig.24 is a block diagram of a vibratory apparatus
according tb a sevénth embodiment of this 'invent_:ion.

Fig.25 is a block diagram_of',an_ eighth embodiment of
this invention. | |

.Fig.26 is a. éhart for explaining the operation of the

eighth embo_diment of this invention.

‘is

S

Fig.27 is a chart for explaining a further operation

of the eighth embodiment.

Fig.28 is a block diagram of_ an important part of a

ninth embodiment of this invention.

DESCRIPTION OF THE PREFEkRED EMBODIMENT

Fig.9 shows a self-excited vibratory apparatus of the
electro-magnet exciter type, | according to a first

embodiment of this invention. It is generally designated

by a reference numeral 11. A vibratory machine 12 is a

vibratory parts-feeder in this embodiment, the details of
whi.ch is shown in Fig.10.

A vibration displacement de-t;e_ctor 13 is arranged
adjacent to the vibratory -parts-feéder' 12. An output of
the vibration displaceme.nt detector 13 is supplied to an
amplitude (displacemenf)' controller 14 which has the
wefl—known consi:ruction. A predetérmined amplitude is set

in the amplitude controller 14. The output of the_
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7 that the anplitude of the bowl is reduced to 0. Thus, there is the
above descri bed di sadvant age. : . SUWMWWARY OF THE | NVENTI ON

- Accordingly, is an object to provide a vi bratory appar atus which is
reliable fo\rllhﬁﬂﬁwng mnlsacementnde&mmc ia wgompperd ofitthi ¢he

hnveht!on %é ?rator @appar at u& co ri sing: @g&ﬁ\) Vi br at org¥ spcied
etecting ctml’a orty"‘%p dttude, PRSP} 1edchilde;
) An output of the amplitude controller 14 is supplied to
an electr:.c 11ne ‘b, which corresponds to the difference
between the predetermined 'am'plitude and the output of the
vibration displacement detector 13. |

A self-excited oscillati'oo controller 15 includes an
alternative current amplifier 21 and a saturation limiter
22, as shown in Fig.l4. An output of the controller 15 is
suoplied to an'-e'lectr'ic line ¢, and amplified by a power
amplifier 16. An amplified output of the power amplifier
16 is supplied _to a vibratory exciter 17.

As shown 1n Fig.10, the vibratory exciter 17 is of
the eleotro—magnet exciter type. It consists of an
E—ehaped si:’atio’nary electro-magnet 18, an electro-magnetic
coil 19 wound -.ox'\_ the etationa_ry' electro—_magne_t 18 and an
arn;ature S f_aci_ri_g to the stationary electro-magnet 18,
spaced by an air gap G. A movable pett M is combined
with a Stat‘iooary part T by obliquely arre_nged leaf
spfings 10. The vibration displacement detector 13 is
arranged .adjacent to the leaf springs 10. It is of the
eddy current type, and fhe outpui; of the detector 13 is
suppl:.ed " to the. _emplitude controller 14. In this
embodlment, - a diode 23 is connected to . the
.elect'ro-magne-tic:_.coil 19. A self-exciting resistanc_e of
suoh a magnetic circuit is changed with the air gap G
befween the 'armatur'e' S 'ar_,ld the stationary | electro—maQnet
18.- However, the system is vibrated. at the. natural
frequency. Accordingly, the phase difference . between__ the

force and the dlsplacement is equal to 90 de_grees, And
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(B) a self-excited oscillation controller for anplifying the output of _
said vibratory speed detecting neans at a feed-back gain K, receiving the
output of said vibratory speed detecting nmeans as a positive feed-back

signal; (Qné pH&Ne agPEEEr8hcEObeNNESEN ARkl fYbDBagbe aid PheOfcuSigt
sel f-excited oescillation controller; and (D) a vibratory exciter receiving

the output Dé eguhl pboerthenpahfler dbrI0i MeRfdees said WHY atDo¥edraldie,

the inprovenents in which said feed back gain Kis changed in accordance

with the ecasiti ghowa = [igr r] Filgc9,, wh&heA routputsentf t heheanphitbrstory

di fference between a predeterm ned anplitude and the present anplitude,

Klerr], K @isplacemen tsi,ieiée‘atprntb@eri,_s amegativelyi cigd-dhadk | itg the
self-excited oscillation controller 15 through  the
electric line é. Thus, the general phase difference is
equal to 180 degrees. Accordingly,. the system can be
self-excitedly oscillated.

There has been described the construction of the
self-excited wvibratory apparatus_ of the electro-magnet
tyée according to the first embodiment of this invention.
'Next," operation of this _constructic’m will be described.
Although not shown, a DC power source is connected to the
power amplifier 16 through an electric switch. By closing
the electric _ switch, the vibratory machine is
self—exditedly vibrated. According to this embodiment,
since the diode 23 is connected to the electro-magnetic
coil 19 of the vibratory exciter 17, the electric current
changes with time as shown in Fig..'ll'l. It is imsymmetrical
wifh respect to the time axis. The relationship between
thé current and attraéting force is squarely non-linear.
Whén the current is very small, the differentiate
coéfficient is_near1§ equal to zero at fhe original point

_ Oiin the Prior Art. However as shown in Fig.ll, when the
current changes, according to this embodiment, the
different'iation coefficient is edual to a certainl value,
since the rélationship between the cur;ent and the
atfracting force or the input/output convérsion gain has
-th_é sam'e. sign (+). Accofdihgly, the system starts to

rapidly sélf—excitedly oscilléte and the vibratory

/8
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gai n.

In accordance with another aspect of this invention,

~appar at us conprising: (A) . vibratory displacement detecting nmeans for

det ecting

a vibratory displacenment of a vibratory nachi ne; (B) a

sel f-excit efhcdnigid 118t | bt GE TRl 1 fed1 v Pl hiyia

8 the output of said vibratory di splacenent detecting nmeans at a
f eed- back galnAécdmmﬁuylngxiheﬁhﬂénﬂ dibsdiMent, the self-excited

vibratory controller 15 includes the saturation limiter
22. It receives the output of the ampl__itude controller
14 and the amélitude of the 1i_initer level varies wilth_ the
difference betﬁeen- the_m. Accordingly, the virratory part
of the vibratory machine 12 vibrates at .the predetermined
amplitude 'set in the amplitude controller 14. Although
there ha.s_ not l- been described in the construction, the
vibratory exciter 17 has ideally the phase lag of 90
degrees, .b'ut it -'h_as actually a phase lag shifted slightly

from 90 degrees . Accordingly, phase lagging means may -_be'

added to the'_self—excx.ted oscillation controller 15.

Thus, in the closed loop system as shown in F1g 9, the

output o‘f the vibratory _displaceme_nt detector_ 13 can be

negatively fedéback to the output line of the vibratory.

detector 13 accurately at the phase lag of 180 degree.
Thus, the vibratory machine 12 can resonantly oscillate

and thus the follow-up control can be effected.

Fig.13 shows a vibratory ekciter 17' according to a .

second embodiment of this invention. Parts which
correspbn’d to those in Fig.10, are denoted by the same
reference numerals, '. the description of which will be
omitted. " |

.A. statlonary electro—magnet 18' according to this
embodlment 1nc1udes a permanent magnet 18a which is
formed 1ntegrally there-w1th Accordingly, a stationery
magnetic . flux Bo' generates as- shown by the arrow.
Accordingly, even when t:he'_current flowing through. the
electro-magnetic’ coil 19 is equal to O, some attractlve

[7 l
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vibratory displacenment detecting means as a negative feed-back signal,
and controlling phase | ag by integrating elenment or first order .

- el ement ;

(© a power anplifier for power-anplifying the output of said

| ag

s6l f - exci t efloveei lisatgemecated owhen, ansmalD) cur¥eptatirgwsxthrengheddiesi ng
the output of said power anplifier for V|brat|&%Fsa|d vi brat ory machi ne,

the i nprovekertsormagnethcsaic@ifleed hamd Wit

with the equation ; K= [err]. .+ Kcr, where herr represents t he

“anmpl i tude EWPEFenGBarBEFﬁEéﬁ“& BFedﬁP@Wﬁ\ nd

present
critical

§|’rﬁl ilPude AcCRFdingly

constants N._an,

SPE%H :{{i%r&g‘%err ut/o uL conversion gain 1s|rr]1to%geéciuafmq:o

zero within the B region.

The vibratory machine 12 can start easily to
seif—exc’:itedif oscillate. And it .can stably oscillate.
Thus, thé' sfationary pa_rt Bo .'from the permanent magnet
18a is added to the changing part B from the magnetic
flux due to the small cqrrent flowing through the
electro-magnet 19. Thus, when | the detecting current of
the detector 13 and the small current due to noise or the
1ike flow thréugh the 'glectrd-—magnetic coil 19, they
fluctuaté in the positive region and so the average value
of the input/outp'ut: gain is nof equai to 0. Thus, the
self-excited oscillation starts.' On the other hand,. when
the stationary part B, is _lnot'imparted, the magnetic flux
is equal to 0, -and the  input/output conversion gain is
equal to D_ and so the self-excited oscillation does not
start, since the small current changes near the original
point O. |

'Fig.1.4 shows a self-excited oscillatic;n controller
15' according to- a third embédiﬁent' of this invention.
1t includes the al'ternafive current amplifier 21 and a
saturation limiter 22. An output. of the saturation
limiter 22 is supplied to an adder 25. A constént DC is
supplied as a constant cur;rent ins_truction to the adder
25.. _The DC is flowed through the electro-magnetic coil
19. The different i'éte co'effif:ient ‘ {input-output

conversion gain) of the attractive force is _withinu the

his Sheei Has Been Replaced ~, 1_'
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In accordance with a further aspect - of this invention, a

vi bratory apparatus conprising: (A) vibratory displacenment detecting neans
for detecting a vibratory displacenent of a vibratory machine; (B) a

s€l f-exci t gegdem | Batinn et caldrent--at tagytive ngorthe enapattetistids

vi bratory di splacenent detecting neans at a feed-back gain K, receiving

t he out put sbowsai &n \Filg.dtSor. yAdcspdangliwnt aret setllfﬁgxmiaca@ agseihbabione
feed-back signal; (C) a power anplifier for power-anplifying the output of
sai d sel f - a8 t ePepscisuralon @&nd rolstabland stayted. el c2lthowglynet the
receiving the qutput of said ower gﬁl i fier and generatl ng a

magnet i c- aBLREHTRagRetd G or W-B?Sf‘ g S¥YsFSR brBa$ng thschi pRR- theear

_ | pr Ovenent(%qlurare) characterlstlcs .

Fig. 16 shows a self-excited type v1bratory apparatus
21 according to a fourth embodlment of thls 1nvent10n. In
Fig.16, a v1bratory mach1ne 31 represents a vibratory
parts-feeder. -H_owevér, it may be another vibratory
machine. A vibratory exciter 37 imparting exciting force
is'not sf the 'electro-magnetic tjrpe exciter, but is of
the piezo el'ectric type or the ‘moving «coil type.'
.Acc.o.rdi'ngly, between an output of a power ampllfler 36
and an -output_. of the vibratory exciter 37 there is no
phase differehce. A \-ribratic'mal' speed detector 32 is
attached to the movable part of the v1bratory machine 31
or arranged adjacent to the v1bratory machine 31. The
vibrational velocity detector 32 consists of an amplitude
detector and diff_erentiator or it consists_ of a vibratory
acceleration detector and an integrator. The output of
the vibratory .velocity detector 32 is 'in_te'grated in the
amplitude deteetor 33. Thus, the .'amplitu.de is detected
and it is sup_plied' to an amplitude controller 34. It
ineludes a comparator,' and a predetermined amplitude
value ._isl set in the amplitude eor_ltreller 34. The output
of the amplitude detector 33 is supplied to another
terminal of the ‘_ comparator in the amplitude controller
34. Thus, the ainplitude difference A'r as the comparison
result is supplied to the se;f—excited ‘oscillation

controller  35. It includes an alternative current
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- which said feed back gain Kis changed in accordance with

9 the equation;, K = [err] where Ar represents t he anpl i tude

di fference

between a . g edet er m hﬁg arzpl | tude, and the present
ampl i t ude, R_F‘Bllll%,?eﬁ['er‘m}e GnsEARRAERE 408 nERGerinBHy k& €htted the

PLaDI 1Y 92 Borpr bl SERRFERE SolhnELd Ll %1 R PR el hac

f gain K is so-designed as to be controlled by the output

of the .a.mplitu.de contfoller 34. The relationship between

the amplitude difference_ Ar and the feedback gain K is

as shown in Fig.i?. ‘The 'gain curve 'changes' in accordance

with the feedbalc_k‘lgain eqﬁation, K = Ki ATt + K, A3 '+

Kcr, whefe K, ,. K_, rgpresehf constants, and Kcr représent

a’ stabiiity limif: gain. Thus, t,hé gain curve is a cub.ic

{three oi-der)' curve. Aécordingly, when the amplitude
differenceA r is large, the gain K is very large.

There has ' been described an arrangement of this.
embodiment. Ne:ti:; operations will be described. Although
not shown, a DC power switch is connected to the power
amplifier 36 At the self-excited oscillation drive of
the vibratory niachine_ 31, the not-shown DC power switch
is closed to put the ‘power-.amplifier 36 into the
opérativé condition. At the same time, the self-excitedly
oscillation cdni:roller 35, the amplitude controller 34
and so. on, are put into the operative condition. The
amplitude of the movable part of the vibrai:ory machine 31
is equal to zero at the control start. Thus, the
ampiifude diffe_rence i A r is maximum. In other words, the
initial value of the amplitude difference A r is equal to
(the predetemined amplitude - 0). In the Prior Art, the
amplitude differgnce AT | is 'DC-am'pli_fied or
PID-'am,pl'i..fied', ‘The feedb'ack | gain K, of the power
amplifief is J_.‘i_hea-rly increased in’ the _:elationship of K.
‘= Kp "Ar és_ ‘shown in Fig.5. Accordingly, the feedback

gain K, is maximum at the control staft. Thus, the rise

} 2_ This Sheet Has Been Re‘Iaced
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(A) vibratory displacenent detecting nmeans for detecting a vibratory
di spl acenent- of a vibratory machine; (B) a self-excited oscillation
controller for anplifying the output of said vibratory displacenent

détecting nRANghazhceereaeibacks Jdhe KseI£CHiyi FadlPe orilutatdforbakdses
vi bratory displacenent detecting neans as a negative feed-back signal;

(©) a powerapnplthe eripple pwusupdigitd yisogeichiaposiedut onf tisei dutphft esgi t ed
oscillation controller; and (D) an electromagnet receiving the output of
sai d power themphmplétuded detectdr n@3a asgnatliso aampldéfied famde sfoor the
-vibrating said vibratory machine, the inprovements in which a diode is
connect ed tfeedhack ecgadmagnkei c edmpot of hehe spdatadmeghnet within  the

stability qf limit. The gain wvaries much. Accord:mgly,
the dutput of the éower amplifi_er 16 varies much.

On the other hand, according 'to this invention, the
_feedback .' gain K is re;;resented bf the non-linear
equ'a'l;ion. The second term, K, | { Ar)* decides mainly
the feedback gain K ét the control start and so the
self-exci.tedly oscillatibn can be rapidly thained and
the gaiﬁ K deciding thé behavior of the vibratory
pax:ts—feeder can be sméller near the st:ability. limit.
Thﬁs, the ihfluence of ri_pple components can be reduced
much. |

Fig.18 shows the change of the feedback gain of the
Prior Art. The gain dh‘anges' much in 900 msec t§ 910 msec
after turning on the switch. The g.a'i'n K is sinuscoidarily
changed much. On the other hand, Fig.19 shows the change
of the gain feedback gain K according to this invent.ion.
As showﬁ in Fig.19, the stability 1limit gain changes.
little in 900 msec to 910 msec after turning on the
electric switch It 'is pro%red that the ripple component
o.f the output of the vibratory detector 33 "has 1little
influence.

Fig.20 shows a vibratory apparatus ac'cording 'té a
fifth embodiment of this invention. It is generally
denoted .tlay a reference .n_umeral 21A. The vibratorﬁr machine
22 is a vibrétory pé'rts—feeder. Its vibrational equation

is represented by (mdx?/dt? + cdx/dt + kx = K dx/dt). The

—l-j : ' Thls Sheet Has Been Re lace
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In accordance with a still further aspect of this invention, a vibratory
apparatus conprising: (A) vibratory displacenent detecting neans for

detecting.

a vibratory displacenent of a vibratory machin

. (B
sel - exci t ed(@8t7/8ka0i onc@Bnt rBe| ero®PBR108Y| i fP¥ ng m%'éi%{eﬁ(b%é _z)ff‘é‘%\i'd by
vi bratory displa dete¢cting neans t f - back ' | Vi
t he out put of‘g‘gﬁt’:zgg%brat g I1'&ig.°,$l J@é’fﬁﬁﬁa e"&é"t :ganac ﬁlg%agt%éﬁ%g’%%

fe?-d- back S‘gQ%Lg, (19 ghg‘ogggv%npé‘liggte{or;prBgo%rl-t% |1’iif -np/é’hewggg:gutg

represents Lapplus transfer element, (dx/dt) or velocity
can be obtai'x_led_. A dumpiné or viscous coefficient is
multiplied by (dx/dt). It is negatively fed-back to such
a vibrati.onal_'s.ystem'. Furthger by multiplying (1/s). a
vibrational displacement x can be obtained. "kx", where k
represents a ép’ring constant, functions as the negative
feedback. A vel.oCity_ (dx/dt) is de’tected by a vibrational
speed detecté_r 41 in the 'vibra'tory system. An
accelerafion nllay' be detected instead of the vibrational:
speed. At this case, the.value is once integrated. Or-. an
amplitude may be detecte_d instead of them. At this case,'
the value is once differentiated. Th_é_ output of the
vibrational speed detector 41 is ~integrated in an
émplitude detecting circuit 42 and it is suppiied to an
amplitude controller 43. A .self-excited-. oscillation
controller 24  is so. constructed aé in the. Prior Art. 1t

includes an alternative current amplifier 48 and  a

of

saturation limiter 49. An output_ of the vibration speed

detector 41 is: supplied through an electric-wire 44 to a
stop. apparatus 46 a"ccording to this invention. In this
embodimenf, a- power amplifier 47 has. a'gain factor Kv. A
change-ovér s_wii:ch S is connected to an output terminal
of the stop aﬁp‘aratus 46 or a self-excited oscillation
controller .24.. Accorc;ing to this  embodimént, a movable
cbntact of the .ch-ange-over switc’h- S is connected through
a power -amplifiér 25 to a vibration exciter 26. It 1s

conhected " to . an electric magnetic coil of the

S




10  said self-excited oscillation controller; and (D) an el ectromagnet
receiving the output of said power anplifier and generating a
magnetic-attractive force for vibrating said vibratory machine, the '

i npr ovenent eliectnghiragredti drelths remakjlfelt 326cl udes a per manent magnet

In accordance with a still further gect of this |invention, vi bratory
gppar at us- corrprlsm ngmpldipde; bﬁgtlﬁF?l BEpl S et MR A n§°FP€§1’F?tI°6
etecting a vibratory displacement of a vibrato machl ne, B

sel - exci t ePREAGYSTRINGY cHMPLILLIR (17 ARH P% e HARY p&%#“%ﬁ a°f

Vi br
atory dltﬂ%&l agg,i{ggtra SE?Ct 'nr}p gﬁgnsoutput terminal of the amplitude

detectlng circuit 42 is connected to another inputl
terminal of the comparator' in the amplitude cdntr’oller
43. The sa{:_u.'r.atior.x limiter 49 of the self-excited
oscillation "cbhtrolle_r 24 1is controlled in accordance
with the 'a'xﬁp._litude difference between the préseﬁt
amplitude and the prédetermined amplitude. The output of
the v1brat1onal speed detector 41 1s positively’ fed-—back
through an electric wire 45 to the' self-excited
oscillation controller 24 and further it is negativel_y
fed-back through an electric wire 44 to the stop
appéra‘tus 26. There has been _describéd construction.
Next, operation will be described. |

When the vibratory machine 22 is driven, the
change-over switch S is closed 'at the side of the
self-excited .oscillation controller 24. Thus, the output .
of the vibrational speed detector 41 is _positively
fed-back to tﬁe- self-excited oscillation controller 24.
"Accordingly, the. vibfatory ina(:hine 22 is self-ei:citedly
oscillated. The eleétro-fnagnét 26 has the phase 1lag of
90 degrees. The vibratory machine 22 is vibrated at the
" resonant point. The phése dif_ference between the force
and disp_lacenienﬁ is equal to 90 degrees.' |

Accordingly,  in  the  self-excited oscillation
controller 24, although the phase is neither .advanced, nor
lagged,  the .'pha'se difference of 180 ‘degrees can be .

obtained in the closed loop between the output termlnal
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at a feed-back gain K, receiving the output of said vibratory displacenent
detecting neans as a negative feed-back signal; (C) a power amplifier for
power-anplifying the output of said self-excited oscillation controller;
and (D) an &f egheoviRflorespaedddekeceuicpurl oandaitthepoiveput akplrimfinal
and generating a magnetic-attractive force for wvibrating said vibratory
machi ne, theof Mthevesentsolberwii4h Thuscorstensel Hexaibedenoscidlatibovwed
into the electromagnetic coil of said el ectromagnet. I n accordance
with a stillcdmrtbeer skapdat  effented.| nteat iampl ituder afor fhgppyikrasory

conprising: - (A) vibratory speed detecting neans, for detecti
g ma(cl)line 22 ig aF]).ways detectéd by the _amplituJ'eg getecting'

circuit 42. Thus, the level of the saturation limiter 49
in the self-excited oscillation controller 24 is so
- controlled és- to main-téin ‘the bowl of the parts-feeder at
a constant _.'ampli.tu'de. .As the result, the vibratory
machine 22 is 'Qibfated_at the predetermined amplitude.

When _"Ehe_ .frihratory machine 22 is stopped, the
change—ovér sﬁitc_h S is connected to the side of the
stop apparatﬁs' 46. Now, the output of the vibration‘
'specled detecto_f- 41 is supplied to the stop apparatus '46.
1t is négativel‘y fled-b'ack to the stop apparatus 46. The
output of the vibrational spe_ed det'ectbr 41 is negatively
fed-back to tﬁe stop apparatus 46 'and. it is amplified by
the gain Kv and it is .supplied to the vibratory exciter
26. The forc':é._ from the exciter 26 is opposite to the
directiori of" the vibration of the vibratory machine 22.
Thus, the wvibratory 'machine' 22 stops in 'a short time in
compariso.n.with the case of 'th'e natural dumping force i_n
the Prior Art. | |

Fig.21 and Fig.22 show the effect of this invention
in simulation. Fig.2l1 shows é wave shape of a vibrational
displacement in the Prior Art', .in this case. The
vibratory machine 22 starts self-excitedly to oscillate
at time O m_s_ét:. ‘The  amplitude is increased as shown in
Fig.21 and '_i_t' "i_s' maintained at the predeterﬁined value.

When the vib_ration stop instruction is supplied at time

TllliSISiiietlliii|i3een Re‘;iliced ) é :

500 msec, thé vibrational displacement changes in the




vibratory speed of a vibratory machine; (B) a self-excited oscillation

controller for anplifying the output of said vibratory speed detecting

neans at a first feed-back gain, receiving the output of said

vi brat ory sphbewndenanneng rMdansequizeposabowe omed-backwosi geabnds that

(C a power anplifier for power-anplifying the output of said self-excited

osgillationtbgntm@l’ablq: gpart of the vibratory machine 22 stops. In
this case, the dumping factor is egual to 0,005 and the
resonant magnification is equal to 100.

Fig.22 shows an effect ~of thie embodiment in
simulation. The self-excited es¢illation can be effected
in the same manner as the Prior Art. When the vibration
stops instruction is supplied at time 500 'n_lsec, the
- vibratory ~machine stops in 0,12 seconds. The time when
the ampiitude of the movable part is reduced to zero
after the vibration stop instruction, is equal to about
1/10 of the corresponding time of the Prior Art. Thus,-
the vibratorﬁr' parts-feeder can be almost instantaneously
stopped and so the parts supply to the next stage can be _
rapidly stopped.

Fig.23 shows a vib:atoty_system according to a sixth
emﬁbdiment of this .invention. it is generally denoted .,by
a reference numeral 21B. Parts which correspond to those
in | Fig.20 are denoted by the. 'same reference numerals,
the details of which will be omitted. |

In this embodiment, the vibration displacement of the
vipratory machine 22 is_ ‘detected by a vibration
displacement detector 51 and it is suitably amplified by
the amplitude detecting circuit 42. The amplified output
is supplied to the 'amplitude controller 43. The output of'
the vibratory displacement de{:ecfor 51 may be amplified
by a gain amplifier and then it ' may‘ be negatively
fed-back ' thfpugh " the .. electric wire 45 to the . '
self-excited oecillation circuit 24'. Further, it is

negai:ively fed-back to the stop apparatus 57 However,
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(D) a vibratory exciter receiving the output of said power anplifier for
vi brating sai.d vibratory machine; (E) a closed l'oop being forned by said
vibratory machine, said vibratory speed detecting neans, said self-excited
osci | I ati onitonihiel | embod@admenpoveitanis i supipldrd Stod aVviky €t nplEGHldRy |
the i nmprovenents iin which -said closed. |loop is opened, when said vibratory
nachi ne i s appgrEcys 38 chavingua pfunctiseni dfvinbl &tiplycatden,defade iK3g xreans
is anplified as a negative feed-back signal at a second feed-back gain,
and suppl i edfixs®ai dndeyr alagy edesiendy .s. Then sekbrekattedi oiscd 1dmitlilon

further aspect of_this_ invention, a vi bratory far atus conprising: (A)
vibratory dFeprEREHERt 246t daglnder R AGr Jebé @F 48' having a gain

K and an integration element 1/s. In this embodiment, the
phase lag -is' not genereted by the vibratory exciter 26'.

' There has been described construction of the sixth
embodiment of this ihvention..' Next,_ operation wiil be
described. |

At the sltart of the self-excited oscillation, the
change-over switch S5 is changed over at the side of the
self-excited osc1llat10_n controller 24'. The output of
" the vibration displacement 'deteCto,r 51 is negatively
_fed-back to tlie controller 24'. It is integrated or the
phase is made to.l_ag by 90 degrees. The vibratory'machine
22 is vibrated at the resonant point. Accordingly, the
phase difference of 180 degrees is formed at the closed
loop. .Accordingly, the .vibratory machine 22 can be
stably self-excitedly vibrated.

To stop the. vibratory machine 2.2, the lchange—over
switch 8§ 1is <changed over at the side of the. stop'_
apparatus 57. The output of the amplitude detector 51 is
negatively fed-back and it is differentiated. Thus, the
phaee is- advanced by 90 degreee end' amplified by the
gain K,. Then, it is suppliet_i to the vibratbry exciter
26_' . In the same manner as the case that the vibré\_tory
veldcity is negatively fed-back, since the advance of
the phase by 90 degrees is equivalent to differentiating
the output, the vibration of the vibratory machine_l22 can

be rapidly reduced to zero in the' same manner as in the

l ? l. Thﬂlsll‘iiet liiiillBiinliellilced




a vibratory displacenent of a vibratory machine; (B) a self-excited
oscillation controller for anplifying the output of said vibratory

di spl acenent detecting neans at a first feed-back gain, receiving the
output of safbftliembodimertspl acenent detecting neans as a negative

f eed- back S|gnal and_for controlllng phase | ag by an integrating el ement
or first-order IBigebnd®;a (GbrAtRAEr syben | éFCPBFhBSwe?OaerI sRyRAR§H he

out'put of sald eIf ex0|te osci |l lation controller br at
excl ter receﬁ‘W‘?fS”{'?fé B Ah R CAavRntIBne, Tkt (STRALAY braPFRCRLRE

LTy TIGHIE! clfldhad SaRlhe A PN, PRSI DhaRR S KA o
sel f- eXC'te%m"%' O 3GORY" Ol Iffe  SEdAbAGYCT b§Plitd ersame " reference
" numerals, the detail of which will be omitted. |
Also in this embodiment, the output of the
vibrational displacement . deteCtor’ 51 is negatively
fed-back to the. self-excited oscillation controller 24°'.
Further, the output of the vibrational displacement
detector 51 is negatively .fed—beck to a stop_ apparatus 60
which includes ‘'a DC amplifier 62 of a gain K,p, and s?
element.However, the output . of the vibrational
'dis.placement _d_etector 51 may be once differentiated and
so advanced by _90 degrees. Instead, it may be twice
differentiated. '_I‘he. vibratorf exciter 61 is the
electro-magnet_ as in the fifth embodiment. It has the
phase lag element of 1/(s+a.).
There ha's'. been described construction of the seventh
embodiment of this invention._Operation will be described.
When the change-over switch S§ is changed over at the
side of the s_elf-excited oscillation controllei: 24', the
_vioratory machine 25 starts. eelf-excitedly to oscillate
in the same manner as in the aboVe embooiment. To. stop
the vibratorf machine 22, the 'chenge-over switch S is
changed over 'at the side of | the stop aoparatus 60.
Accordingly, the output of  the amplltude detector 51 is
negatlvely fed back to the controller 24. The output_ is
twice differentiated and the phase is advanced by 90

degrees. As in the fifth embodiment, the velocity signal
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and said vibratory exciter, the inprovenents in which
12 said closed |oop is opened, when said vibratory nmachine is stopped,
and the out put of ~ said vi brat.ory displ acenent det ecti ng

means is di ffegﬁg;ﬂ*‘éégd %g“@o aam_;!r{a%@ gﬁﬁn'd tetgaigve f%)eld ebé‘c‘%&cw%r

signal at a Secon k “gai n, 0 sard ‘vigratory

I n accordancg ;Wrklt oyt bkkibuit W6 . aSHRE, Othéh'ﬁnaéévmtffa%erﬁcé“ BEat PRY

apparat us conpri sing:’ ,
degrees can" be obtained in the closed 1loop. The

vibratory machine 22 receives a foree opposite to the
moving d_irec_tion, since‘ the output is negatively
fed-back. Thus, +the movable part of the vibratory
machine 22 can be rapidly reduced to 0.

Fig.25 to Flg 27 show an eighth embodiment of this
invent:l.on. In this embodlment a minor 1loop circuit is
added to the circuit of the fifth embodiment. Also in
this = embodiment, the vibratory  exciter is  an
electro-magnet 81. It_has the lag element of (1/R)x [ 1/
{l+as) ].. ,Cur'rent i as the output j.s detected by a
current detector'89 having e gain Ki. I.t is amplified by
eurrent ﬁinor feedback gain controller 90 of gain K,.
It is negatiﬁely fed-back to a comparator 83. On the
other hand, as above described, the vibrational speed
signal is negatively fed-back to another input terminal
of the comparator 83. The output of the compafator 83 is
supplied to the current minor feedback gain circuit 86.
Further it is amplified by a power amplifier 87 having e
gain K,. The output is supplied 't_:o‘ the electro-magnet 81.
With the minor loop circuit, the_electro-magnef 81 is put
ipto the over-magnetizing condition. as shown in Fig.26.
When the s_top instruction is supplied,. the voltage is
steeply rised end it c’:hange_s with time las shown in
Fig.27. it ‘can more rapidly rise in comparisen with the
case that the minor loop circuit is not used.
Accordingly, the vibra{:ory machine 42 can be more rapidly

stopped. F1g 26 shows the case that the current minor
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(A) vibratory displ acenent detecting means for detecting a vibratory speed
of a vibratory machine; (B) a self-excited oscillation controller for

anpl i fying

the output of said vibratory displacenent detecting neans at

first feed- baglammbi, LegRicHINg fhe Qwﬁouteeffeﬁeéa Vi Qr alen i adesp! gcemR!

detecting neans as a negative feed-back signa

a power anpli

pomﬁr-aﬁp“fé&éﬁ%ﬁi&éﬁytp%hp@ﬁ1é&ﬂCh§e|ﬁjﬁ¥C|EﬁQtQ&@thbﬁI|qmg%5¢r0|bﬁb
and (D) an el ectro-magnet receiving the output of said power anplifier

for vibrati ngnseent viibr aradyialaghi iacre@Besa wieRedtinep et ngtHiey nedsky
said vibratory-machine, said vibratory displacenent detecting nmeans,

-sai d

the stop can be retarded.
Fig.28 s’_hOws a vibratory apparatus according to a

ninth embodiment of this invention. It is generally

represented by a :eférence numeral 41D. It is of the

fdrced-vibratidn' type. _A stop apparatus 110 includes a
comparator 112 ._and a gain amplifier 111. The velocity
(dx/dt) of the vibratdrfr machine 42 is' | negatively
fed-back to a comparator 112 and it is amplified by an
amplifier 111 having gain Kv. Then, it is supplied to the
electro-magnet of the vibratory machine 42. As above

described embodiment, the eleétro—magnet makes the phase

~lag by 90 dégrees.' When the vibratory machine 42 is

vibrated _near;y' at the resonant point, a force opposite
to the vibratibnal' speed can be applied to the movable
part. Thus, the braking fofce 'is applied to the movable
part. Accordingly, it can be_rapidly stopped.

When the vibratory machine is vibrated at the
frequency which is farl from the resonant point, a phase
advance élement}may bg added in the stop apparatus 110.

While the':prefefréd emhodimehts have been described,
variations thereto will occuf to_fhose.skilled in the art
withn the 'scobe of the .present iﬁvenfive concepts which
are delineatéd'ﬁy the following claims.

For exampié, in the first embodiment, the. vibratory
machine 12 is3the vibratory parts¥féeder. However, instead
all kinds of vibratory machlnes hav1ng an electro-magnetic

v1brat10nal mechanism can be applled to the first
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self-excited oscillation controller, said power anplifier and said
el ectromagnet, the i nprovenents in which said closed |oop is opened, when
said vibratory machine is stopped, and the output of said vibratory

di spl acenment empotgmbentdofTenls iaventibw.ce differ entiated, or once
‘di fferentiated and phase-advanced by 90 degrees, and anplified as a

negati ve feed-baFkrthegral inmt theseabode ffiarkthaembgdimentnd sueplih‘aﬂ:éﬁbﬁﬁi d

el éctromagnet . I n accordance with a still further aspect of this

invention, adetec&osryldppisatef ctmprieddy;: current type and it is

' - adjacent or attached to' the 1leaf spring 10. Ihstead, a

vibratory exciter of the piezo electric 'type may be
used. At thlS case it is attached to the movable part M
and the output of the vibratory detector is twice
integréted to obtain the vibrational displacement and it
is supplied to the amplitude controller 14.

In the fourth embodiment, 'the vibrational speed of
the fribratory. machine 31 is detected and the output is
positively_ :_Eed-fback.' The closed loop is formed to effect
the self-excited oscillation. Instead, a vibratory
dispiacemeqt "may be detected and an output of the
vibrational displacement is negatively fed-back to the
self—excited oecillation controller 35. The above
described fee&back gain K"ma'y be wvaried to l_nake the phase
lag. As clear from the seif-excited- dscillation principal
or theory, the phase difference between the force and the
displacement is equal toxn /2 at the resonant point.
Accordingly, a iag element o_f T /2 maj be used to make
the phese lag by=n /2.

In the above descrlptlon, the elghth embodiment of
F1g 25 is applled to the flfth embodiment. However, it may
be applied to the other embodiments. In this case, the
amplifier 111 'sheﬁld be an eleefric power ampli.fier in
'the embodiment-_ of Fig.28. Iﬁs_teed, an 'electric power
amplifier may'be arranged between the change-over switch
S and the vibratory machine 42.

Further, this embodiment can _be applied to all kinds
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13 (A) a vibratory exciter receiving an electric power from an AC
power source; (B) a vibratory machine of the enforced vibration type,
receiving a vibrational force from_said vibrat Orélq, exciter; and

(O a vi br aodr FhepJdbrakamns iaRparatits F the &elimpirkted; e3atl bakionspeed

O i ST, R PLBEY BN heor e URESHELENT b0 B, v bl gery

U Bratory OSSP LA EE ey AUTLE! VB AL SPRLLEY Be" U pieno
electric type. Generally, in the vibratory apparatus
which generates a vibrational < force by an electric
energy,l any vibrational _Speed detecting means may be
arrangeci 'adjacent to or attached to the movable part of
the vihratory apparatus, an output of the vibrational
speed derector is directly or amplified and negatively
fed-back to fhe vibrational force generating mechanisﬁ.
‘When an acceleration may be detected in this case, the
output is once differentiated. Thus, a force opposite to:
the vibrational directien of the moving part isl applied

to the moving part. Thus, the moving part can be rapidly

stopped.
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when said,vibratofy machi ne i s stopped. In accordance~ﬁrth~a-sti+r
‘further aspect of this invention, a vibratory apparatfs s sbd¥nlacei? 2

vi bratory exciter receiving an electric power from an ;
(B) a vibramaT DMScOLAEMED I8e enforced vibration typeﬂl‘ﬂﬁmnﬂﬂm l‘g
vi brational force from said vibratory exciter; a
vibratory i sphagdevitbratdeyesppagatusedneludfiiog: detecting t he
~ Vi brational di spl acement ~ of said vibratory nmachine, the
i nprovenent(A) n. vipEpEpry s@reed i pdeteelingci meanss cker of deteekingi d aaC
power source,. and the out pu% of said, vibrat or&)r‘(l di spl acenent detecting

means is arfb’rlPT?'é‘ar%ss%?ﬁ‘ég% i?e"f-géﬁtﬁﬁk“@? Bf’and,

(B) a self-excited oscillation controller for amplifying

the output of '- said vibrétory speed deteéting means at a
feed—back gain K, receiving the output of. said : vibratory
speed detecting means as a positive feed—back signai;

(C) a power arﬁplifier for .power-amp'lifying the output of
said self-excited oscillat_i_on controller; and

(D) a vibratd_ry exciter receiving the outpﬁt of said
power amplifier for vibrating said vibratory machine, the:
‘improvements in which said feed back gain .K is changed in
accordance with the equation; K = K, AT + K. ( A T)2N+*! +
Kcr, whereA r re_pr_'esepts the amplitude differenée between
a predetermined amplitude and .the present amplitude, K, .
Ky constants, N an integer, and Kcr critical stability
gain. | |

2. In a vibratozj apparatus _i’nclﬁding:

(A) vibratory displacement detecting. means for detecting
a vibratory displacement of a vibratory machine;

(B) a self-excited oscillation c'ontro]_.l.er for amplifyirig
the output of said i-ribratory displécement detecting meané
at a feed—back gain 'K', receiving the output of said
vibratory displacement_ detecting means as a negative
feed-back  signal, and controlling phase lag Dby
integrating elémen_t_ or first_ order_ lag element;

(C) a power ampli'fierl:' for power-amplifying the output of
said self-excite_d oscillation controller; and

(D) a vibratory _exciter receiving the output of sa_id

LT T



phase-controll ed for phase lag by an integrating or first-order |ag
el ement and supplied to said vibratory exciter. In accordance with a
still further aspect of this invention, in a vibratory apparatus
conpri si ng: power amplifier for vibrating said vibxateuy thaghimeharimem
el ectri o  poWBPEOYGRPRES iphaiRichibavantRed (BRcKigetn Ki1F achrpaedpiad
. accordance with the equation : K = K, Ar + Ke( A r)_““
+ Kcr, where AT represerits the an_ipiitudé -difference
between a predetermined amplitude and the .present
amplitude, K,, Ky constants, N an integer, and Kcr
critical stability gain. |
3. In a vibratory apparatus including:'
(A) wvibratory 'displaceinent detecting means for detecting
a vibratory displacemént of a vibratory machine;
{(B) a se1f¥excited- oscillation controller for amplifying
the output of said vibratory displacexﬁent detecting means:
at a fe;e'd—bac'k gain K, receiving the output of said
vibratory displacement 'detecting means as a negative
féed—back signal;
(C) a power amplifier for power-amplifying f.he output of
said self-excited oscillation controller; and
(D) an e.lectr‘o—magn'et receiving the out_put of sai_d power
~amplifier and generating a magnetic-attractive force for
vibrating said .vibratiﬁg machine, the improvements in
which said feed back gain 'K is changed in accordance with
the equation; K = K,AT + K¢( AT)?"*! + Kcr, where A r
represents the 'émplitﬁde difference between a
'predetermined amplitude_ and the present amplitude, K,, K,
constants, N.an integer, and Kcr critical stability gain.
4 . In a vibratory apparatus incliiding':
(A) wvibratory di'splacement dete'ctir_lg means for detecting
a vibratory_displa_'cement of a vibratory méchine‘;
(B) a self-excited oscillatioh controller for amplifying

the o_utptit of said vibratbry. displacement detecting _1tiéans
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detecting neans is arranged adjacent to said novable part or attached to
said novabl e part and said exciting mechanism is cut off fromsaid

el ectric power source when said vibratory apparatus is stopped, and the
output = of saatl vabr feedybapikedgdéheck,ng reeeiviing Sk | Aitglit eGE Y ddbid
said exciting mechanismor anplified to said vibratory nechanismas a

- negative feedvbBERt@rynaldisplacEmentf ordgbeayinandmeanser abj act fiegative
features, and advantages of the present invention wll be nore readily
under st ood upbRedoPaFKeFAINBA of the foll owing detailed description of

e PLeTeTI R SRR e esed MBor! SR Ohhpd AE5Td " G2 SIELLE" 06

said self-excited oscillation controller; and _

(D) an eleétrb-magnét receiving the output of séid power
émplifier and generating a magnetic-attractive fprce for
vibrating said vibratory machine, the improvements in
which' a diode is conﬁected to the electro-magnetic coil

" of the elecfro-hagnet.

5. In a vibratory apparatus including:

'(A) 'vibratory disblacement detecting means for detécting
a Gihratory displaceﬁent_of é vibratory machine;

(B) a self-excited oscillation controller for amplifying
the outpuf of said vibratory displacement detecting means
at a feed-back gain K, receiving the output of ‘said
vibratory displacement detecting means as a negativé
feed-back signal; a |

(C) a power amplifier for power-émplifying the output of
said self-excited oscillation"controllerf and
(D) an electro-magnet receiving the output of said power
amplifier and generatiﬁg a magnetic-attractive force for
vibrating said vibfatory machine, the improvements in
which said electro-magnet inéludes a permanent maénef;

6. In a vibratory apparatus including:
(A) vibratory displacement detecting means for detecting
a vibratory displacegent of a yibratory machine;

. (B) é self—excited_ oscillation controller fof amplifying
the output of said vibratory displacement detecting means

at a feed-back .gai_n K, receiving the output of said
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BRI EF DESCRI PTI ON' OF THE DRAW NGS Fig.l is a block diagramof a

vi bratory apparatus of one Prior Art. Fig.2 is . a chart for explaining
operation of the Prior Art. Fig.3 is a block diagramof a vi-bratory -
appar at us of vibratbey Prdidplidement Fi dedectinghl esdant agasm &f amegative
important part of the other Prior Art. - Fig.5is a chart for explainin
oper ation of febd—babkr siBniadr Art. Fig.6 is a block diagramof a furth
Prior Art.

(C) a power amplifier €for power_-anipiifying_ the output of
said sel-f-exéited oscillation controller; and

(D) an electfo-magnét receiving the output of said power
amplifier énd,.generating' a magnetic-attractive force fof
vibrating said vibratory machine, the improvements in
whlch a constant DC current isl flowed into the

electro—magnetic coil of sald electro—magnet.

7. A vibratory apparatus according _to anyone of claims

4 to 6, in which said self-excited oscillation

saturation level of said saturation 'elemenf is changed on
the basi_s  of the output of said vibratory
displacement-detecting means. |

8. A vibratory apparatus according to anyone . of claims

for 4 to 7, in which said self-excited oscillation

g
er

controller includes a saturation element and the

controller has the function of phase' lag by which the

frequency of the _self-excited oscillation is so
controlled as to correspond to the resonant frequency of
said vibratory machine.

9. In a vibrato:y apparatus including:

(A) vibratory speet:i | detecting means for detecting a
vibratory- speed of a vibratbry machihe;

(B) a self-excited oscillation cbnt“roller for amplifying
the output of l-said vibratory speed detecting means at a
first 'feed-;b_ac.k-' gain, receiv.iﬁg‘ the output of said
vibratory s.p'eed_. defeét'ing meané'_" as a positive feed-back
signal;

(C) a power amplifier for power-amplifying the output of

I, VA Thﬁlsl}iilﬂﬁlailﬁffl"
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15 Fig.7 is a time chart for explaining the further Prior Art.
Fig.8 is a side view of a vibratory apparatus of a further Prior Art.
Fig.9 is a block diagramof a vibratory apparatus according to a first

enbodi ment ghidhselifReqrited osciftilation Tomtroll@mgednd ew of a vibrat ory
exciter |n Fig.o9.
(D) a vibratory exciter rece1v1ng the output of said

power amplifiér for vibrating said vibratory machine;
'(E) a closed loop being formed by_said vibratorj machine,
said vibratory speed .detecting. means, said self-excited
oscillation conEroller, said powef__amplifier and said
vibratory exciter, the improveménts Iinj which said closed
loop is opened, when said 'vibratory' machine is stopped,
and the output of said' vibratory speed detecting means
is amplified as a 'negat'ive' feéd-back_ signal at a second
feed-back gain, and supplied to said vibratory_exciter.
10. In a v1bratory apparatus 1nclud1ng-
(A) vibratory displacement detect1ng' means for detectlng
a vibratory-displacemént of a vibratory machine;
(B) a Self—excited oscillation"contrbller_ for amplifying
the output of said vibratory displacement detecting means
"at a first feed-back gain, receiving the output of .séid
vibratory displacement detecting means as a negative
-feed-back signal and for cdntrdlling .phase lag by an
integrating element or first-order lag element;
(C) a power amplifier for power#amplifying the o’utpuf _of.
said self-excited oscillation controller; and
(D) a wvibratory éﬁéiter receiving  the output of said
power amplifier for vibrating said vibratory machine;
{E) a closed loop being formed by said vibratony machine,
said vibratqry- displacement detecting means, | said
self-excited oscillaﬁion. controller, .said power amplifier
‘and said vibratory éxciter, the impfovements in which
said closed loop is opened, when said 7vibratory' machine

is  stopped, and the output of said vibratory

This Sheet Has Been Replaced . 5 8 I '
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"Fig.11 is a chart for show ng operation of the first enbodinent. Fig. 12
I's another chart for explaining operation of the first enbodi nent.
Fig.13 is a side view of a vibratory exciter according to a second

eribodi rent 41 bDhSehBYEN | O aerddfhdd |fednb! o0tk dh3erannt AP UL

part of a ory apparatus accor Ird ment

R, AL, i MSHICIGE S, SBOk T
accordi ng tEeéd-f-ﬁﬂékhgaﬁhg)dbﬁanbuﬁblhblds tbngaAadl ibratory exciter.

11. In a v1bratory apparatus 1nc1ud1ng-

(A) wvibratory dlsplacement detecting means for detectlng
. & vibratory speed of a vlbratory machu_le;

{(B) a sel.frexoited_ oscillation oontroller for amplifying
the output of said vibratory displaoement detecting means
at a first feed-back gain, recei%r'ing the o’utput. of sai'd
vibratory d'i'sp'lacement detecting means as a negative
feed—back s:.gnal ; |

(C) a power amplifier for power-ampllfylng the output of
said self-excited oscillation controller; and |
(D) an electro—magnet_: receiving the output of said power
amplifier for vibrating said vibratory machine;

(E) a closed loop being formed by said vibratory machine,
said vibratory displacement | detecfing means,' said
~ self-excited os"cill_ation controller, said power amplifier
and said electro-_magnet,- the improvements in which said
closed loop is opened, when said vibratory machine is
stopped, and the output of said vibratory di_sp_lacemerit
detecting means are twice differentiated, or once
differentiated and phase-'adva_n_ced by 90 degrees, and
amplified_: as a negative' feed-_back signal at a second
feed-back gain, and supplied to said electro-magnet.

12. A vibratory apparaﬁus accordingl to claim 9 or 10, 1n
which said negative signal is supplied through a
phase-ad\}ancer _to said wvibratory exci'ter for compensai_:ing

the phase lag of said vibratory exciter. .
. | This Sheet Has Been Replaced
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Fig.17 is a chart for explaining operation of the fourth enbodi nment.
Fig.18 is a chart- for explaining the conparison between this invention and
the Prior Art ~ Fig.19 is a chart for explaining the operation of t he '
fodrth enbodialena ofibtatorivvesciser Terpivingi O BlEEkTdCaPMfDHf from
vi bratory apparatus -according to a fifth enbodi nent of this invention.
Fig.21 is am AhRQwer gJOuURs®i ai ning the conparison
16 (B) a"vibratory; machine of the enférced vibration type,
réceiving a Qibrational force ffom said vibratory
exciter; and’
(©) a vibratory speed detecting means for detecting the
vibrational spéed of 'said vibratory machine, the
improvement iﬁ;-which said vibratory exciter' is cut off
from said AC. power.'source, and the output of said
vibratofy speed.detecting means is amplifiéd and supplied
to said wvibratory excit.er as a negative feed-back signal
when said vibratory maghine is stopped. |
14. Ih a vibratory apparatus including:
(A) a -vibrators'( exciter receiving an electric powér from
an AC power sou:Ce:.
(B) a vibratbff machine of the enforced vibration type,
receiving a vibrational force from. said vibratory
exciter; and
(C) a vibratory displacement detecfing means for
detecting the vibrational - displacement of said
vibratory maéhine, the imbrovement in which said
vibratory exc'.'iter is cut off from said AC power source,
and the output of éaid, vibratory displacement detecting
means is amplified as a negative feed-back signal and,
- phase-controlled :for phase. lag by an integrating or
first-order 1§g .element' and supplied to said vibratory
'excité:.
15{ A vibratory aﬁparatus acéording to anyone of claims 9
to 14 in which means for detecting magnetic flux from

said vibratory exciter is provided and the output of

This Sheet Has Been Replaced
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between the Prior Art and this invention, Fig.22 is a chart for

expl aining the operation of the fifth enbodi nent of this invention.

Fig.23 is a block diagram of a vibratory ‘apparatus according to a
si Xt h enbodsaédt méandi sis nasplifhed andi qpegatively [fledcbaak agpansadd a
vi bratory apparatus_ according to a seventh enbodi nent of this invention.
Fig.25 is aPQWQEkaGP&glfaﬁFef an eighth enbodi nent of this invention.
Fig.26 is a_chart_for explaining the?ggera i on of the. . eighth enbodjnent of

this i nvent#8n. I PRy VARTatoTsha RPPBFALRS| ai TP ¢ R SPEFLEILS
of the Eighhgcﬁgggghnegar' impartihg to said vibratory apparatus an
electric -power_ from an electric pbwer source, the
improvement iﬁ.'which vihratory .épeed detecting means is
arranged | adjaé‘ent to said movable ‘part or attached to
said movable éart and said.excitin'g mechanism is. cut off
from said electric power source when said vibratory
apparatus- is stopped, and the oufput of said vibratory
speed detecting means is suéplied direétly to said

~ exciting mechanism or amplified to said vibratory

. mechanism as a negative feed-back signal.
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Fig.28 is a block diagramof an inportant part of a ninth enmbodi ment of
this invention. DESCRI PTI ON OF THE PREFERRED EMBODI MENT

Fig.9 shows a self-excited vibratory appgratus of the el ectro-magnet
exciter type, according to a firs enbodi ment of this invention. It

I s generally designated by a reference nuneral 11. -A vibratory machine

12 is a vibratory parts-feeder frmmrtims enbodi nent, thE'-Era" | s of which

is shown in Fig.10. . A vi br atfi ongdijspl acenent detecftoles13 i s arranged

adj acent to the vibratory parts-feeﬁr 12. An out put ' _
- Cm _

CT

MAC

'VIBRATORY

VIBRATION DETE

EXCITOR

(ELECTRO-MAGNET) |

_| VIBRATORY

.| POWER AMPLIFIER

SELF-EXCITED
OSCILLATION
CONTROLLER

e




the vibration displacenent detector 13 is supplied to an anplitude
(di spl acenent) controller 14 which has the well-known construction. A

predeterm ned anplitude is set in the zganplitude controller 14. The
17 vi bration

output of the _
di spl acenent detector 13 is conpared with the predeterm ned anplitude in

the anplitude controller 14. An output of the anplitude controller 14 is
supplied to an electric Line b, which corresponds to the difference

FIG 2
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bet ween the predeterm ned anplitude and the output of the
A self-excited oscillation controller 15

di spl acenent detector 13.

Vibration

includes an alternative current anplifigr 21 and a saturation limter 22,
as’shown in Fig.14. An output of the controller 15 is

electric line c, and anpl |

output of the power anplif{i
As shown in Fig.10, the vibrast ofy excitsH
exciter type. It consi§tsEo
an el ectro-magnetic coil |.19-wogind on the]

an armature S faging to-
air gap G A novabl&art
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supplied to an

y a power “anplifier 16.- An anplified

6 is supplied to a yibratory exciter 17.
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with a stationary part T by obliquely arranged | eaf springs 10. The

vi bration displacenment. detector 13 is arranged adjacent to the |eaf
‘springs 10. It is of the -eddy current t§pe, and the output of the
detector 13 is supplied to the anplitude controller 14. In this

enbodi ment, <@ diode 23 is connected to the electromagnetic
cail 19. A self-exciting resistance of such a magnetic circuit is changed
with the air gapn\g dNdHEh AUOL¥YGEEAre S and the stationary el ectronagnet
18. However, the systemis: vibrated at_‘iﬂe_g_atur al frequency. Accordingly,
t he phase differdnce efween the ~forfce and tihe displ acenent i's equal to
90 degrees. And } * —
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18 t he phase difference between the voltage and the current is equal
to the angle of 90 degrees. In the closed loop as shown in Fig.9, t he
out put of the vibratory displacenent detector 13:is negatively
fed-back to the self-excited oscillation controller 15 through the.
electric line a. Thus, the general phase difference is ~equal to 180
degrees. Accordingly, the systemcan be self-excitedly oscill ated.

There has been descri bed the constructi on of the
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sel f-exci t ed vi bratory apparatus of the el ectro-magnet

the first enbodi nent of this invention.

construction will be described. Althougls not shown,

connected to the power anplifier

type according to

Next, operation of this

VIBRATION

a DC power source is
16 through an electric switch. By closing

self-excitedly
i S connected to

m .
7c:t e electric

trical wth
ent and

rtsnt is very
=)

the electric swtch, the vibratory machi ne i's
vi brated. According to this enbog+renty since the dio
the el ectromagnetic coil 19 of fhe yjpratory exciter
current changes with time as shpwn #hf Fig.11. It is i
respect to the tinme axis. The re|atimnphip between th
attracting force is squarely nonthirfgaf. Wen the c
smal |, the differentiate gg = S
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coefficient is nearly equal to zero at the original point O in the Prior
Art. However as shown in Fig.1l1l, when the -current changes, according to
this enbodinment, the differentiation goefficient i's equal to a certain
value, since the relationship between the current and the
attracting force or the input/output conversion gain has the sane sign
(+). Accordingly, the system starts to rapidly self-excitedly
ostillate and the vibratory ' 19
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machi ne 12 can self-excitedly vibrate. According to this

enbodi nent,” the self-excited V|bratory controller 15 includes the
saturation limter 22. It receives thegoutput of the anplitude controller
14° and the anplitude of the limter level varies with the difference

bet ween them Accordingly, the vibratory part of the vibratory nmachine 12
vibrates at the predetermned anplitude set in the anplitude controller
14. Although there has not been described in the construction, the
vibratory exciter 17 has ideally the phase lag of 90 degrees, but it has
actually a phase |l ag shifted slightly from 90 degrees. Accordingly, phase
Iagglng neans y be Tadded to the self-excited oscillation controller 15.

Thus, in the e\ psed | op systen1as shomm in Fig.9, the
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out put of the vibratory displacenent detector 13 can be negatively
fed-back to the output |line of the vibratory detector 13 accurately at the
phase | ag of 180 degree. Thus, the vibratory machine 12 can resonantly

oscillate and thus the followup control can be effected. Fig.13 shows
a vibratory exciter 17" according to-a second enbodinent of this
I nvention. Parts whi ch corg g to those in Fig. 2 denot ed by
the same reference numerals, {he g@epcription of whichlwill be ¢nitted.
A stationary el ectromagnet 18'JaccByfling to this enbo iﬂ?Eﬁ i ncludes a
per manent magnet 18a which is forﬂ?j integrally therp-sa tsh. Agtcordingly,
a stationary : N—Z = 55 =
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magnetic flux B[err] generates as shown by the arrow Accordingly,
even when the current flowing through the electromagnetic coil 19 is
equal to 0, some attractive _ . 20 force

i s generated when a snall current flows Yhe ough the electromgnetic coil
19 within the region Bin the square characteristic as shown in Fig.15.
Accordingly, the average input/output conversion gain is not equal to
zero W thin the B region. _ :
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The vibratory machine 12 can start weasily to self-excitedly
oscillate. And it can stably oscillate. Thus, the stationary part B[err]
fromthe pernmanent nagnet 18a is. added %f t he changing part B fromthe
magnetic flux due to the small current owi ng through the el ectro-nagnet
19. Thus, when the detecting current of the detector 13 and the snall
current due to noise or the Iike flow through the electronmagnetic coil 19,

they fluctuate in the positive region and so the average value of the
the self-excited oscillation

i nput/output gain is not equal to

starts. On the other hand, when /stélo afJy part Blerr] is not

i nparted, the magnetic flux is equa d the input/output conversion
gainis equal to O and so the self-excited oscillation does not

l

CURRENT

' / :
\ / TIME
N\ /
A 7/ ’
\\\ /,I
(23]
L)
}S
.
=3
=
\ o
\ -
[~
\ —~
\ =
\ =
\
\
\
-\
\
AN
N
0 | CURRENT




start, since the small current changes near the original point O.

Fig.14 shows a self-excited oscillation controller 15" according to a
third enmbodi nent of this invention. It jincludes the alternative current
anplifier 21 and a saturation limter 22 An out put of the saturation
limter 22 is supplied to an adder 25. A constant DCis supplied as a
constant current- i nstruction tﬁﬂfhf SE; 5. The DCis flowed through the
el ectro-nmagnetic coil 19. tiate coefficient

(i nput -out put conversion gain) of the attractlvngorce Is within the
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21 region Bin the current-attractive force characteristics shown in

Fi g.15. Accordingly, an self-excited oscillation <can be surely and

stably started, al though the electri@ nagnetic excitation system has

- the non-linear (square) characteristics. - Fig.16 shows a self-excited

type vibratory apparatus 21 according to a fourth enbodi ment of this
invention. In Fig.16, a vibratory machine 31 represents a vibratory

~ parts-feeder. However , it my be another vibratory mnmachine. A

vibratory exciter 37 inparting exciting force
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I's not of the electromagnetic type exciter, but is of the piezo
electric type or the noving coil type. Accordingly, between an
output of a power anplifier 36 and mn output of the vibratory exciter
37there is no phase difference. A vibrational speed detector 32 is
attached to the novable part of the vibratory machine 31 __or arranged
adjacent to the vibratory machifne 31. The vibrationgl velocity detector .
32 consists of an anplitude detectgg_and differentiator] or it corlsists of
a vibratory acceleration detecgor d an integrator. THe=utput df the
vibratory velocity detectar, 32 §s i%?egrated in the angl &ude detlector 33.
Thus, the anplitude is def®cteh E it is supplied to_en!;_arrpstuce
controller 34. It includes a C)Egarator, and a predeternbnedggnplitude
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value is set in the anplitude controller 34. The output of the anplitude
detector 33 is supplied to another termnal- of the conparator in the
anplitude controller 34. Thus, the anplistude difference [err] r as the
cofrparison result is supplied to the sel f-excited oscillation -
controller 35. It includes an alternative current

22 anplifier. The DC conponent of the input is cut and the alternative
cutrent conponent is anplified. The feedback
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gain Kis so designed as to be controlled by the output of the anplitude
controller 34. The relationship between the anplitude difference [err] r
and it he feedback gain Kis as shown in Fil§g. 17. The gai n curve changes in
accordance with the feedback gain equation, K= Klerr] Ar + Klerr] Kcr,
where Klerr], Klerr] represent constants, and Kcr represent a stability
| imit gain. Thus, the gain curve is a cubic (three order) curve.
Accordingly, when the anplitude difference [err] r is large, the gain Kis

very | arge. Ther : escribed an arrangenent of this

enbodi ment. Next, 3¥£?§o§§ﬁ€1q be described. Al though not sho © a DC
power switch is connecLﬁdTﬁﬂVﬁﬁ povier anpllfler 36. At the sel f-@ancited
oscillation drive of \ _ 8 &
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the vibratory machine 31, the not-shown DC power switch is closed to
put the power anplifier 36 into the operative condition. At the sane
time, the self-excitedly oscillation cohbtroller 35, the anplitude
controller 34 and sSo on, are put into the operative condition. The
anplitude of the novable part of the vibratory machine 31 is -equal to
zero at the control start. Thus, the anplitude difference Ar is
maxi mum In other words, the _initial value of the anplitude differencg Ar
is equal to (the predethNr¥@nddifdrblitude - 0). In the Prior Art, thég'

anpl i tude difference [ r Is ~DCanplified or brd
Pl D-anmpl i fi ed. The f eldIb'in;: vmggai- n Klerr] of t he power £
anplifier is line ' ' R fte———Kp § as”

g—

f eedback

shown in Fig.5. JAccordingly, t
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gain Klerr] is maximumat the control start. Thus, the rise

23 up characteristic of the self-excitedly oscillation rises up. The
ri ppl e conponents superinposed on the oy put of the anplitude detector 33
-are also anplified and so the R feedback gain K[err] cannot be

mai ntained wthin the stability of I'imt. The gai n—va&ihes nuch.
Accordingly, the output of the power anplifier 16 varfi eseqfuch.
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On the other hand, according to this invention, the feedback gain K is
represented by the non-linear equation. The second term Klerr] (
[err] r)[err] decides mainly the feedbpgk gain K at the control start and
so the self-excitedly oscillation can be rapidly obtained and the gain K
deci ding the behavior of the vibratory parts-feeder can be snmaller near
the stability limt. Thus, the influence of ripple components can be 73
reduced nuch. Fig. 18 shows the change of the feedback gain of the @
Prior Art. The gain changes nuch in 900 nsec to 910 nsec after turning&dn
the switch. The gain Kis sinusoidarily changed much. On the other hang
Fig.19 shows the change of the gain feedback gain K according to t%és
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As shown in Fig.19, the stability limt gain changes little in 900 nsec to
910 nsec-after turning on the electric switch. It is proved that the
ripple conponent of -the output of thgyvibratory detector 33 has little

i nfl uence. Fig.20 shows a vibratory apparatus according to a fifth
enbodi nent of this invention. It is generally denoted by a reference
nunmeral -21A. The vibratory nmachine 22 is a vibratory parts-feeder. S _
“vibrational equation is represented by (nmdx[err]/dt[err] + cdx/dt ;gﬁx = K
dx/dt). The ' : _
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24 (dx2/ dt 2) can .be obt ai ned by mul ti plying 1/m by

(mdx2/ dt 2), where mrepresents the mass of the novable parts, in the
above -equation. By nmultiplying 1/s, wherg s represents Lapplus transfer

el ement, (dx/dt) or velocity can be obt@dined. A dunping or viscous
coefficient is multiplied by (dx/dt). It is negatiyvely fed-back to such a

vibrational system Further by nmultiplying (1/s), g viHrational
di spl acenment x can be obtained. "kx", whereg k repriesedi|s pring
constant, functions as the negative fegback. A vel'@i ty (‘dx/dt) is
detected by a vi brat_i__c_)_n_al__'____s_pe_eg;;l__d_«.at_ﬁczt.o.r_.__4.l__l I{n Eﬂe vi bratory
system An I e - T W g
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accel eration may be detected instead of the vibrational speed. At this
case, the value is once integrated. O an anplitude nmay be detected

i nstead of them At this case, the valug,is once differentiated. The
output of the vibrational speed detector 41 is integrated in . an
anplitude detecting-circuit 42 and it is supplied to an anplitude
controller 43. A . self-excited oscillation confro r 24 is so
constructed as in the Prior Art. It includes. an al i veecurrent
anplifier 48 and a saturation limter 49. € W bration speed

detector 41 is supplied through an glggtrfﬁ wire 44 stop apparatus 46
according to this [Tven[ioA 1N Thi S “enhodfment 1.4 pojas ifier 47 has
a gain factor Kv. [A ¢hange-over sw tch | onnkctedc%o an put put
term nal | —
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of the stop apparatus 46 or a self-excited oscillation controller 24.
According to this enbodi nent, a novable contact of the change-over sw tch
S is connected through a power anplifieR325 to a vibration exciter 26. It
is” connected to an electric magnetic coil  of t he
25 el ectro-magnet in the exciter 26. An anplitude controller 43
i ncl udes a conparator. A predetermned anplitude is set at one input
term nal of - : '
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t he conparator, and the output term nal of the anplitude detecting circuit
42 is connected to another input term nal of the conparator in the
anplitude controller 43. The saturatign limter 49 of the
selsf-excited oscillation controller 24 #8 controlled in accordance with
the anplitude difference between the present . anplitude and.the
predeterm ned anplitude. The output of the vibrational speed detector 41
is-positively fed-back through an electric wre 45 to t he

sel f-excited oscillation cont roIEI' f@nza her it is negatively
fed-back through an electric i r . he stop apparatus 26.

There has been deégLibed construction. Next, operation will be descri bed.
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Wien the vibratory machine 22 is driven, the change-over switch S
is closed at the side of the self-excited oscillation controller 24. Thus,
the output of the vibrational speed det@ztor 41 is positively fed-back to
the self-excited oscillation controller 24. Accordingly, the vibratory
machine 22 is self-excitedly oscillated. The el ectro-magnet 26 has the
phase |l ag of 90 degrees. The vibratory nachine 22 is vibrated at the
reSonant point. The phase difference between the force and displacenent is
equal to 90 degrees. - Accordingly, in t he sel f-excited
oscillation <controller 24, although the phase is neither advanced nor

| agged, the phase difference of 180 degrees can be obtained in the closed
| oop between the output term nal
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26

of the vibratory speed detector 41 and the input termnal of the

controll er

49=- in

24. Thus, the self-excited oscillation can be stably effected.
The anplitude of t he vibratory machine 22 is always detected by the
anmpl i tude detecting circuit 42. Thus, the level of the saturation limter

~as'to maintain the bow of the parts-feeder at a constant anplitude.

t hé&.

result

the vibrat oryABSTRACT OF THE DISCLOSURE
In a vibratory apparatus including v1bratory speed

detecting means for detecting a vibratory speed of a
vibratory machine, a self-excited oscillation controller
for amplifying the output of the vibratory speed

detecting means at a feed-back gain K, receiving the

- output of the vibratory speed detecting means as a

positive feed-back signal, a power amplifier for

power-amplifying the output  of the self-excited

oscillation controller and a vibratory exciter receiving

the output of the power amplifier for vibrating thef

vibratory machine, the feed back gain K is changed in
accordance with the equation; K = KAr + K( Ar)?* +
Kcr, where A r represents the amplitude difference
between a prédetermined amplitude and the present

amplitude, K;, Ks constants, and Ker critical stability

gain.

the self-excited osci | VEBRAJRRY APRARIUSer 24 is so controlled

As



REPLACEMENT SI—H:ET“ SG
ITB.ChI ne 22 is vibrated at the predeternined anplitufdd Descripomn pagb.L. to paged 23,
vibratory machine 22 is stopped, the change-olydd Jeirt{sh S;mgqigitogwngﬁl
“connected to the side of the stop apparatus 46. Now,O tDrewimg(9)utpagéd fheo p&gcd .....
vi bration speed detector 41 is SupplleéL{o t he st op BEipyistradtus %ﬁgmiﬁité%m zed ...
negatively fed-back to the stop a aratus 46 The ut put of the L4
ph NG 1996

vi brational speed detector 41 ¥t ARATPS, ‘DAPEIGR ﬁﬁ@ﬁﬁﬁ

46 and it is anplified by .1 a —+e—+he VAEE ol Vikdddad
exciter 26. The force fromtségg'z’ Q&D &g 'ME "ﬁ“&hgcfc to the direction
of the vibration of the vibratory machine 22. Thus the vibratory machine
22 stops in a short time in conparison with the case of the natural

dunpi ng forcedikld of the Invention :

This invention relates to a vibratory apparatus which
is used, for example, for handling or transporting parts

such as bolts, nuts, transistors and so on.
Description of the Prior Art:

For example, "Vibration Application Technology"”
published in 1992 by . Industrial Research Association,
discloses a vibratory apparatus of the self-excited
oscillation type. 1t is shown in Fig.1l. 1In Fig.l, a
closed 1loop consists of a vibratory machine 1, a
vibration ' detector 2, a self-excited oscillation
controller 3, a power amplifier 4, and a vibratory
exciter 5. When the phase 'lag of the transfer function
is equal to 180 degrees at a certain freguency under the
openea loop condition, and the gain of the opened
transfer function is larger than one (stability limit), a
self-excited oscillation can be effected at the above
certain frequency in the closed loop. The gain is
required to be sufficiently high for improving the
rise-up o©0f the self-excited osc111at10n. For example, it
is equal to 100. The galxﬂ; includes not onjy the gain of
the wvibration detector, the gain of the controller and
the gain of the power amplifier, but also the
input-output conversion gain of the vibratory exciter.

However, when the vibratory exciter 5 is an



the Prior Art. Fig.21 and Fig.22 show the effect of this invention in
sinmulation. Fig.21 shows a wave shape of a vibrational displacenent in
the Prior Art, in this case. The yibratory nmachine 22 starts
self-excitedly to oscillate at tine O pfec. The anplitude is increased as
shown in Fig.21 and it is naintained at the predeterm ned value. Wen the
vi bration stop instruction is supplied at tine 500 nsec, the vibrational

di spl acenent changes in the . .
: electro-magnet, it has the non-linear or square

characteristic which. is the relationship between the
current flowing through the coil and the attractive
force as shown in Fig.2. Accordingly, the input-output
conversion gain or the differential coefficient is equal
to zero or nearly equal to zero nearly at the current of
zero or within the range shown by a reference mark A in
Fig.2. A- high gain cannot be obtained in an opened loop.
Thus, a self-excited oscillation cannot be generated.

Genefally, a self-excited resonance-type vibratory
apparatus has the advantage that it automatically follows
up a reéonance point. However, any control is required
‘for maintaining an amplitude of a vibratory machine at a
definite wvalue. When the amplitﬁde is maintained at the
definite value by a saturation characteristics of a power
amplifier, the output of the power amplifier is
rectangular, and therefore, it includes much high
frequency components.

A sélf-excited vibratory apparatus Q as shown in
Fig.3 was disclosed in the Japanese Patent Application
No.154599/1986, in consideration of +the above-described
defects of the Prior Art. Fig.4 shows a block diagram of
transfer functions of an important part of the
self-excited vibratory apparatus Q as shown in Fig.3.

in Fig:.4, a vibratory machihe is generally designated
by a reference numeral 1.',-.. ahd it 1s represented by a
shown chéracteristic equation. A vibration detector 2' is
arranged adjacent to the vibratqry machine 1'. When the
vibratory machine 1' is a vibratory parts-feeder, the

vibration detector 2' is an eddy current type sensor, and



shown manner. It requires about one or two seconds that the novable part
of the vibratory machine 22 stops. In this case, the dunping factor is
equal to 0,005 and the resonant magnification is equal to 100. Fig. 22
shows an effect of this enbodi ment>—in sinulation. The self-excited
oscillation can be effected in the same manner as the Prior Art. Wen the
vibLation stops instruction is supplied at tine 500 nsec, the vibratory
machi ne stops in 0,12 seconds.. The tine when _the . anplitude of the

movabl e partiti dsr dFFeegedo agdagents (& q nke}f bFBFFBﬁ"E'b‘dﬁy’i Sorf? is

b2, ook o EfaPhntd * RLOLSAL 06, | MR e Aot o i he
vibrator sensor 2' is supplied to an amplitude controller
3', and an output of the amplitude controller 3' is
supplied.to a power amplifier 4'.

On the other hand, an output x of the vibratory
machine 1' is supplied to a self-excited oscillation
controller 7' which includes an adder 6' and a first
order lag element 5'. The output x of the vibratory
~machine 1 is negatively fed-back to the adder 6'. Since
the vibrétory' machine 1' is self-excited, another input
to the adder 6' is zero. The output of the adder 6' is
éupplied to the first order lag element 5', and further
an output of thg’first order lag element 5' is supplied
to the pdwer amplifier 4°'.

In the vibratory machine 1', a mass m vibrates at an
acceleration, dx?/dtz. The vibratory velocity of the mass
m is equal to dx/dt, when the lag element is equal to
1/s, where s represents a Laplace transform. A damping
force (cx dx/dt) is applied to the mass m, where C
represents a viscous coefficient. The "dx/d4t" is
transferfed to a displacement x by the lag element 1/s. A
restoriné force kx is further applied to the mass m,
where k represents a spring constant of a restoring force
of a spring.

The vibratory machine 1! can be schematically
represented by such a closed loop. The displacement x
lags by 90 'degrees behind the force at the resonant
frequency. Since the displacement x is made to lag by 90

degrees, by the first order lag element §5' in the



stopped and so the parts supply to the next stage can be rapidly stopped.
H g.23 shows a vibratory system according to a sixth enbodinent of this
invention. It is generally denoted by - a reference nuneral 21B. Parts which
correspond to those in Fig.20 are denat®d by the sane reference nunerals,
the details of which will be omtted. In this enbodi ment, the vibration
di spl acenent of the vibratory nachine 22 Is detected by a
vibration displacenent detector 51 and it is SU|tabI% anplified b t he
anpl i t ude de%%bfT¢EF¥$¢QU|toﬁﬁﬁllﬁﬁ?Qﬂnﬂ|994§§ ddegut fi's sugH Qeujﬁh?§QMa
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Thus, a self-excited oscillation becomes possible. When a
gain K, of the power amplifier 4' 1is over a stability
limit, the system shown in Fig.4 can self-excitedly
oscillate. The difference between the present amplitude
and a predetermined amplitude is detected in an amplitude
controller 3'. The gain K, of the power amplifier 4' is
éontrolled with the output representing the difference.
When the difference. between the present amplitude and the
predetermined amplitude is larger, the gain K, of the
power amplifier 4! is -higher. When the vibratory
displacement of the vibratory machine 1' reaches the
predetermined amplitude, the gain K, of the power
amplifier 4' is brought to the stability limit. As shown
in Fig.5, the relationship between the difference A r and
the gain K, of the power amplifier 4' is linear. When the
rise-up characteristic of the self-excited oscillation is
made rapid, the gain K of the power amplifier 4' should
be required fo. be sufficiently large, since the
difference A'r is large at the control start. However,
the high frequency components or ripples of the output
of the amplitude detector 2' is much amplified by the
power amplifier 4'.. Thus, the output of the power
amplifier 4° varies very much. There is the disadvantage
that the yibratory machine cannot be stably
self-excitedly oscillated.

Fig.6 shows. a vibratory apparatus of the self-excited
oscillatioh type of the Prior Art. It 1is generally

denoted by a reference numeral 1". A vibratory machine 2"



by a gain anplifier and then it may be negatively fed-back t hr ough

the electric wre 45 to the self-excited oscillation «circuit

24' . Further, it is negatively fed-sback to the stop apparatus 57.
However, : — 28 in this enbodinent, it is
supplied to a Klerr] s anplifying apparatus 58 having a function of

mul tiplication, gain Klerr] x first order Iag element s. The self-excited

OSCI Ilation controller 24' includes an AC a r 48’ haV| ng.a gain
is, for example, a vibratory p rts eeder. vibration

detector 3" of the eddy current type is arranged adjacent
to .a leaf spring in the vibratory machine 2". An output
of the vibration detector 3" is supplied to a
self-excited oscillation controller 4". An out-put of the
self-excited oscillation controller 4" is amplified by a
power amplifier 5", and the amplified output is supplied
to a vibratory exciter 6" which is, £for example, the
electro-magnetic exciter of the vibratory machine 2".

The wvibratory machine 2" is self-excitedly oscillated
by the self-oscillation contrbller 4".. To stop the
vibration of the vibratory machine 2", a stop signal is
sﬁpplied at time to as shown in Fig.7. For example, an
electric wire a between the self-excited oscillation
controller 4" and the power amplifier 5" or another
electric line b between the power amplifier 5" and the
vibration exciter 6" is cut off.. Thus, the wvibratory
machine 2" is stopped. The amplitude of a movable part or
a bowl of the vibratory machine 2" is exponentially
decreased with time from time to. In Fig.7, the bowl is
vibrated at a predetermined amplitude till time to. It
requires a considerable time that the amplitude of the
bowl is reduced to 0.

A spix_‘al track is formed inside the bowl in the
vibratory machine 2", Parts are oriented and
posture-rectified along the spiral track in the bowl. It
requires a considerable time that the amplitude of the
bowl is reduced to =zero after time to when the stop
signal is generated. Accordingly,the . parts supply is not

stopped at the same time as the time to. For some time



K and an integration elenent 1/s. In this enbodinent, the phase lag is not

generated by the vibratory exciter 26'. There has been descri bed
construction of the sixth enbodinment of this invention. Next, operation
will be described. At the start ofihe sel f-excited oscill ation, the

change-over switch S is changed over at the side of the self-excited
oscillation controller 24'. The output of the vibration di spl acenent
detector 51 is negatlvely fed-back to the controller 24 I.s integrated

or the phaseffernkd@er £2.agthe FerdEgreRRtingR FPpif OFVP%&ﬁ‘Pné:O 291¢ s

vibrated at Lhgcesonanl RO i SCGPEENNE! Yreble aitVardde SE £lnd OO0
that the amplitude of the bowl in the v1bratory machine
2" is reduced to zero after the stop signal, depends on
the dumping characteristic of the vibratory machine 2",
It is proportional to the velocity of the movable part.
It is a resistive force. A force for vibrating the
Qibratory' machine 2" at the resonant frequency increases
with a dumping coefficients and it causes much 1loss of
energy.

Fig.8 shows another vibratory apparatus of the
forced-vibration type. It. is generally denoted by a
reference ' numeral 1lA. A current from. the commercial
supply 7 is supplied to an electro—magnetic'coil 10 of an
electro-magnet 9 in the vibratbry parts-feeder 2A which
is one example of the vibratory machine. The vibratory
machine 2A is shown in details, in Fig.8. For example,
the frequency of the commercial supply 7 is equal to 50
Hz. It is supplied through a controller 8 to the
vibratory machine 2A. The bowl 11 is- oscillated at a
predetermined amplitude. Also in the vibratory apparatus
of the forced.vibration type, a switch is arranged at an
electric line c between the commercial supply 7 and the
controller 8, or an electric 1line d. between the
controller 8 and the electro-magnetic coil 10. The switch
is turned off to stop the drive o©of the parts feeder 2.-
And the bowl 11 is stopped. Also in this case, in the
same manner as the vibratory ﬁarts-feeder 2 of the
self-excited oscillation type, it is transiently

vibrated. Accordingly, it requires a considerable time



| oop. Accordingly, the vibratory machine 22 can be stably self-excitedly
vi br at ed. To stop the vibratory machi ne 22, the change-over switch S
i s changed over at the side of the stop _apparatus 57. The output of the
anpl i tude detector 51 is negatively fedZhack and it is differentiated.
Thus, the phase is advanced by 90 degrees and anplified by the gain
Klerr]. Then, it is supplied to the vibratory exciter 26'. In the sane
manner as the case that the vibratory velocity is negatively fed-bgck,

since the akbakcethe ampditmdec of ddegebpebsiss rgdpGgfentot - Thu

differentiat%ﬁgreths 9H3p35°vér§§$@4€§§§‘D%iggd a§t¥hggﬁgory machi ne 22 can

be rapidly educed™t 0 Zero In e's manner

SUMMARY OF THE INVENTION

Accordingly, it is an object to provide a vibratory
apparatus which is reliable for handling parts.

In accordance with an aspect of this invention, a
vibratory apparatus comprising:
(A) vibratory spe_ed detecting means for detecting a
vibratory speed of a vibratory machine;
(B) a self-excited oscillation controller for amplifying
the output of said. vibratory speed detecting means at a
feed-back gain K, receiving the output of said vibratory
speed detecting means as a positive feed-back signal;
(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and
(D) a vibratory exciter receiving the output of said
power amplifier for vibrating said vibratofy machine, the
improvements in which said feed back gaiﬁ K is changed in
accordance with the equation; K = KA + Ky( A r)zd*' +
Kcr, whereA r represents the amplitude difference between
a predetermined amplitude and the present amplitude, K,,
Ky constants, N an integer, and Kcr critical stability
gain.

In accordance with another aspect of this invention,
a vibratory apparatus comprising:
(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;

(B) a self-excited oscillation controller for amplifying



29 fifth enbodi ment. Fig.24 is a vibratory systemaccording to a
seventh enbodi nent of this invention. It is generally represented by a
ref erence nuneral 21C. Parts which corregpond to those . in Fig.23, are
denoted by the sanme reference nuneral s—the detail of which will be
omtted. Also in this enbodi nent, t he output of t he

vi brational displacenment detector 51 S negatively fed-back to the

self-excited oscillation contraoller Zi
the output of said vibra

ory displacement detecting means
lat a feed-back gain K, receiving the output of said
vibratory displacement detecting means as a negative
feed-back signal, and controlling phase lag by
integrating element or first order lag element;
(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and
(D) a vibratory exciter receiving the output of said
power amplifier for vibrating said vibratory machine, the
improvements in which said feed back gain K is changed in
accordance with the equation ; K = K, Ar + K¢( A r)z"+?
+ Kcr, where A r represents the amplitude difference
between a predetermined amplitude and | the present
amplitude, °K,, Ky constants, N an integer, and Kcr
critical stability gain.

In accordance with a further aspect of this
invention, a vibratory apparatus comprising:
(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;
(B) a self-excited oscillation controller for amplifying
the output of said vibfatory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratory displacement detecting means as a negative
feed-back signal;
(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and
{D) an electro-magnet receiving the output of said power
ampiifier and generating a magnetic-attractive force for
vibrating said vibrating machine, the improvements in

which said feed back gain K is changed in accordance with



Furt‘her, the output of the vibrational displacenent detector 51
Is negatively fed-back to a stop apparatus 60 which includes a DC
anplifier 62 of a gain Klerr] and S[err] _ el enent. However, t he out put

of

t he

vibrational displacenent d&tector 51 may be once

differentiated and so advanced by 90 degrees. Instead, it nmay be tw ce
differentiated. The vibratory exciter 61 IS the el ectromgnet
in the

There has bethe deguathen: c&nstr Keld 8n of Kt he As&Vent h  *enbShi n¥he

i nventi on.

fifth embodinent. It has the phase |ag elenent of 1/ g%]ja -

S

as

eration wll ,be described. hange- switch S
I s changed o FRrefen sitg‘g of Fﬁ'@gégf‘flgexci %‘\ggg%%%?f%at i ﬁe%eﬁ Toll &

24",

t he

predetermined amplitude and the present amplitude, K,, K,
constants, N an integer, and Kcr critical stability gain.

In accordaﬁce with a still further aspect of this
invention, a vibratory apparatus comprising:
(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;
(B) a self-excited oscillation controller for amplifying
the output of said vibratory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratory displacement detecting means as a negative
féed—back signal;
(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and |
(D) an electro-magnet receiving the output of said power
amplifier and generating a magnetic-attractive force for
vibratiné said vibratory machine, the improvements in
which a diode is connected to the electro-magnetic coil
of the electro-magnet.

In accordance with a still further aspect of this
invention, a vibratory apparatus comprising:
(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;
(B) a self-excited oscillation controller for amplifying
the outpﬁt of said vibratory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratory displacement detecting. means as a negative
feed-back signal;

(C) a power amplifier for power-amplifying the output of



vi bratory machine 22 starts self-excitedly to oscillate in the sane manner
as in the above enbodinent. To stop - the vibratory machi ne 22, the
change-over switch Sis changed over at the side of the stop apparatus 60.
Accordi ngly, the output of the anplitudégdetector 51 is negatively
fed-back to the controller 24. The output is twce differentiated and the
phase is advanced by 90 degrees. As in the fifth enbodi nent, the velocity

si gnal . . 30
said self-excited oscillation controller; and

(D) an electro-magnet receiving the output of said power
amplifier and generating a magnetic-attractive force for
vibrating said vibratory machine, the improvements in
which said electro-magnet includes a permanent magnet.

In accordance with a still further aspect of this
invention, a vibratory apparatus comprising:
(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;
(B) a self-excited oscillation controller for amplifying
the outpﬁt of said vibratory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratdry displacement detecting means as a negative
feed-back signal;
(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and
(D) an electro-magnet réceiving the output of said power
amplifief and generating a magnetic-attractive force for
vibrating said vibratory machine, the improvements in
which a constant DC current is flowed into the
electro-magnetic coil of said electro-magnet.

In accordance with a still further aspect of this
invention, a vibratory apparatus comprising:
(Aa) vibratory speed detecting means for detecting a
vibratory speed of a vibratory machine;
(B) a self-excited oscillation controller for amplifying
the output of said vibratory speed detecting means at a
first feed-back gain, receiving the output of said
vibratory speed detecting means as a positive feed—back

signal;



I s advanced by 90 degrees. Then, it is supplied to the vibratory exciter
61. Thus, the phase difference of 180 degrees can be obtained in the
cl osed | oop. The vibratory machine receives- a force opposite

to the noving direction, since théL_output IS negatively

f ed- back. Thus, the movabl e part of the vibratory machine 22 can
be rapidly reduced to O. Fig.25 to Fig.27 show an eighth enbodi nent of

this invention. In this enbodinent, a m nor Ioo rcuit added to t he
circuit of th8)fitPeeebHoamReAfies sfd’r NPOWE T A le‘r#é' e outppyt o

V|bratory eXCL _ gnet, h the | ag el enent of
(URx1 [ U a% +as%f ?§51Q§§10341 @% tgdlléL Qﬁds detected by a

current detegppr §9 &@B&é%bf&(ﬁﬁﬂbﬂ@er |&eh%1@ﬁﬁb|ftﬁé byutput of said

power amplifier for vibrating said vibratory machine;

(E) a closed loop being formed by said vibratory machine,
said vibratory speed detecting means, said self-excited
oscillation eontroller, said power amplifier and said
vibratory exciter, the improvements in which said closed
loop is opened, when said vibratory machine is stopped,
and the output of said vibratory speed detecting means
is amplified as a negative feed-back signal at a second
feed-back gain, and supplied to said vibratory exciter.

In accordance with a still further aspect of this
invention, a vibratory apparatus comprising: |
(A) vibratory displacement defecting' means for detecting
a vibratory displacement of a vibratory machine;

(B) a self-excited oscillation controller for amplifying
the output of said vibratory displacement detecting means
at a first feed-back gain, receiving the output of said
vibratory displacement detecting means as a negative
feed-back signal and for controlling phase lag by an
integrating element or first-order lag element;

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) a vibratory exciter receiving the output of said
power amplifier for vibrating said vibratory machine;

(E}) a closed loop being formed by said vibratory machine,
said vibratory displacement detecting means, said
self-excited. oscillation controller, said power amplifier

and said vibratory exciter, the improvements in which



current minor feedback gain controller 90 of gain Klerr]. It is negatively
fed-back to a conparator 83. On the other hand, as above described, the
vi brational speed signal is negatively fed-back to another input term nal
of the conparator 83. The output of thel“&;rrparat or 83 is supplied to the
current m nor feedback gain circuit 86. Further it is anplified by a power
anplifier 87 having a gain K err]. The output is supplied to the
el ectro- nagnetjégl. 1 Wah t he m'inor | oop, Ci rﬁuit, tJJ:l e!i clrg-na naect}}.81 S
put  into t A eFLRESRe it gL B0l a¥0SRoARIS, ELETOESTY HACHIE o1 op
i nstruction i'ss su,p%;ﬂ, t hegyo! tagﬁei S of Pﬁel Y bigsedaang it ‘p{plrg@%})m th
time as shown in 1'g.27. It can nore rapidly rise in conparison wth-the
displacement detecting means is differentiated and
amplified as a negative feed-back signal at a second
feed-back gain, and'supplied to said vibratory exciter.
In accordance with a still further aspect of this
invention, a vibratory apparatus comprising:
(A) vibratory displacement detecting means for detecting
a vibratory speed of a vibratory machine;
{(B) a self-excited oscillation controller for amplifying
the output of said vibratory displacement detecting means
at a first feed-back gain, receiving the output of said
vibratory displacement detecting means as a negative
feed~-back signal;
{C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and
(D) an electro-magnet receiving the output of said power
amplifier for wvibrating said vibratory machine;
(E) a closed loop being formed by said vibratory machine,
said vibratory displacement detecting means, said
self-excited oscillation controller, said power amplifier
and said electro-magnet, the improvements in which said '
closed loop 1is opened, when said vibratory machine is
stopped, and the output of said wvibratory displacement
detecting means are twice differentiated, or once
differentiated and phase-advanced by 90 degrees, and
amplified as a negative feed-back signal' at a second
feed-back gain, and supplied to said electro-magnet.

In accordance with a still further aspect of this

invention, a vibratory apparatus comprising:



case that the mnor loop circuit is not used. Accordingly, the
vi bratory machi ne 42 can be nore rapidly stopped. Fig.26 shows the case

that the current m nor 31 f eedback
control is not effected. A voltagéé_e is step-wisely supplied as
the instruction signal. The <current i gradually increases with tinme. At
this case, the stop can be retarded. Fi g. 28 shows a vibratory

apparatus according to a
(A) a vibratory exciter receiving an electric power from

an AC power source;
(B) a vibratory machine of the_ enforced vibration type,
receiving a vibrational force from said vibratory
exciter;. and |
(C) a vibratory speed detecting means for detecting the
vibrational speed of said vibratory machine,' the
improvement in which said vibratory exciter is cut off
from said AC power source, and the output of said
vibratory speed detecting means is amplified and supplied
to said vibratory exciter as a negative feed-back signal
when said vibratory machine is stopped.

In accordance with a still further aspect of this
inventioﬁ, a vibratory apparatus comprising:
(A) a vibratory exciter receiving an electric power from
an AC power source;
(B) a vibratory machine of the enforced vibration type,
receiving a vibrational force from said vibratory
exciter; and
(C) a vibratory displacement detectiné means for
detecting the vibrational displacement of said
vibratory machine, the improvement in which said
vibratory exciter is cut off from said AC power source,
and the output of said vibratory displacement detecting
means is amplified as a negative feed-back signal and,
phase-controlled for phase 1lag by an integrating or
first-order lag element and supplied to said vibratory
exciter.

In accordance with a still further aspect of this

invention, in a vibratory apparatus comprising:



ni nth enbodi nent of this invention. It is generally represented by a
reference nuneral 41D. It is of the forced-vibration type. A stop
apparatus 110 includes a conparator 112 and a gain anplifier 111. The
velocity (dx/dt) of the vibratory r¥chine 42 is negatively
fed-back to a conparator 112 and it is anplified by an anplifier 111
having gain Kv. Then, it is supplied to the electromgnet of the vibratory

machi ne 42. As above _descri hed enbodi nent, the_elecgrona q;t kes t he
phase |ag b§Poce¥ehiiRE. WHAPHIRN villftat SPPafEifnet92 ?é’l vipr P ear | y

Zt the resonan aPQ{lE‘)%’ é‘nforc&r%BPPﬂftep%&é’f(F h@rc}(rﬁ brgt ! obale d e

pplied to the novable part. us, the braking tTorce is applied to the

nmovabl e source, the improvement in which vibratory speed
detecting means is arranged adjacent to said movable part
or attached to said movable part and said exciting
mechanism is cut off from said electric power source
when said wvibratory apparatus is stopped, and the output
of said vibfatory speed detecting means 1is supplied
directly to said exciting mechanism or amplified to said
vibratory mechanism as a negative feed-back signal.

The foregoing and other objects, features, and
advantages of the present invention will be more readily
understood upon consideration of the following detailed
des'cription of the preferred embodiments of the

invention, taken in conjunction with the accompanying

drawings. -

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l is a block diagram of a vibratory apparatus of
one Prior Art.

Fig.2 is a chart for explaining operation of the Prior
Art.

Fig.3 .is a block diagram of a vibratory apparatus of
another Prior Art.

Fig.4 is a block diagram of an important part of the
other Prior Art.

Fig.5 is a chart for explaining operation of the other'
Prior Art.

Fig.6 is a block diagram of a further Prior Art.



part. Accordingly, it can be rapidly stopped. When the vibratory
machine is vibrated at the frequency which is far fromthe resonant
poi nt, a phase advance el enent may be added in the stop apparatus 110.
Wil e the preferred enmbodi nents have beel® described, variations thereto
will occur to those skilled in the art wthn the scope of the present

I nventive concepts which are delineated by the foll ow ng clai ns. For
exanple, in the_first enbodi rent, the vibratory . machine 12 is the_ .
vibratory partsFi8edeis movEiRs  chattedgr Qﬁpﬁaﬁﬂi?Qﬁéhﬁt#%ﬁ?ﬂ%rnﬁﬁh?ﬁes
having an el getro-magnetic vibrational nechanism can be applied to
the first )

Fig.8 is a side view of a vibratory apparatus of a
further Prior Art.

Fig.9 is a block diagram of a vibratory apparatus
according to a first embodiment of this invention.

Fig.1l0 is an enlarged view of a vibratory exciter in
Fig.9.

' .Fig.ll' is a chart for showing operation of the first
embodiment.

Fig.12 is another chart for explaining operation of
the first embodiment. |

Fig.13 is a side view of a vibratory exciter according
to a second embodiment of this invention.

.Fig.l4 is a block diagram of an important part of a
vibratory apparatus according to a third embodiment of
this invéntion.

'Fig.15 is a chart for explaining the secqnd embodiment
of this invention.

Fig.1l6 is a block diagram of a vibratory apparatus
according to a fourth embodiment of this invention.

Fig.17 1is a chart for explaining operation of the
fourth embodiment.

fig.18 is a chart for explaining the comparison
between this invention and the Prior Art

Fig.19 is a chart for explaining the operation of the
fourth embodiment of this invention.

Fig.20 1is a block diagram of vibratory apparatus
according to a fifth embodiment of this invention.

Fig.21 1is a chart for explaining the comparison



32 enbodi
enbodi nent ,
and it is

ment of this invention. Further in the above first
the vibratory detector 13 is of +the eddy current
adj acent or attached to the |eaf spring 10. Instead, a

vibratory exciter of the piezo e ric type nmay be used. At

this case it

Is attached to the novable part M and the output of the

vibratory detector is twice integrated to obtain the vibrationa

di spl acenent

‘the fourth e®ss¥esBnthe; RE

and it- is Su£€¥h§g§?0 tp§_ang&b%%g%ongontroller 14.

-Fig.22 is a chart for explaining the operation of the
fifth embodiment of this invention.

Fig.23 is a block diagram of a vibratory apparatus
according to a sixth embodiment of this invention.

.Fig.24 is a block diagram of a vibratory apparatus
according to a seventh embodiment of this invention.

Fig.25 is a block diagram of an eighth embodiment of
this invention.

Fig.26 is a chart for explaining the operation of the
eighth embodiment of this invention.

Fig.27 is a chart for explaining a further operation
of the eighth embodiment.

Fig.28 is a block diagram of an important .part of a

nirith embodiment of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig.9 shows a self-excited vibratory apparatus of the
electro-magnet exciter type, according to a first
embodiment of this invention. It is generally designated
by a reference numéral 11. A vibratory machine 12 is a
vibratory parts-feeder in this embodiment, the details of
which is shown in Fig.10.

A vibration displacement detector 13 is arranged

adjacent to the vibratory parts-feeder 12. An output of

type

In

the vibration displacement detector 13 is supplied to an

amplitude (displacement) controller 14 which has the
well-known construction. A predetermined amplitude is set

in the amplitude controller 14. The output of the



the vibratory machine 31 is detected and the output is positively
fed-back. The closed loop is forned to effect the self-excited
oscillation. |nstead, a vibratory displacenent may be detected and an
output of the vibrational displacement_3%. negatively fed-back to the
self-excited oscillation controller 35. The above descri bed

f eedback gain K may be varied to make the phase lag. As clear fromthe

| f- ited cillation, prjncipal qr theory, the phase difference between
f ﬁe fg;(gle gngg?’ﬁgtlﬂf‘sp&hg%i%?ﬁ“ﬁ?%t eqBiPctOFerld AS aforpRredswidi: Hhent .

Accordingly, p@eh@ﬂeﬂngﬂgat &Ilpi dde / %_nma)fh?e meﬁ?ﬁht{\.ﬁdemngz%&t%ggtlggasfd ag

by[err] /2. I'n the above description, The g e | f
An output of the amplitude controller 14 is supplied to
an'electric line b, which corresponds to the difference
between the _predetermined amplitude and the output of the
viﬁration displacement detector 13.

A self-excited oscillation controller 15 includes an
alternative current amplifier 21 and a .saturation limiter
22, as shown in Fig.l14. An output of the controller 15 is
suépiied to an electric line ¢, and amplified by a power
amplifier 16. An amplified output of the power amplifier
16 'is supplied to a vibratory exciter 17.

'As shown in Fig.10, the vibratory exciter 17 is of
the electro-magnet exciter type. It consists of an
E-éhaped stationary electro-magnet 18, an electro-magnetic
coil 19 wound on the stationary electro-magnet 18 and an
am;ature S facing to the stationary electro-magnet 18,
spaced by an air gap G. A movable part M is combined
with a stationary part T lby obliquely arranged leaf
spfings 10. The vibration displacement detector 13 is
arranged adjacent to the leaf springs 10. It is of the
eddy current type, and the output of the detector 13 is
supplied to the amplitude controller 14. In this
enxt;odiment , a diode 23 is connected to the
electro-magnetic coil 19. A self-exciting resistance of
suc.h a magnetic circuit is changed with the air gap G
befween the armature S and the stafionary electro-magnet
18.. However, the system is vibrated at the natural
fre.quency. Accordingly, the phase difference between the

force and the displacement is equal to 90 degrees. And



Fig.25 is applied to the fifth enbodi nent. However, it may be applied to
the other enbodinments. In this case, the anplifier 111 should be an

el ectric power anplifier in the enbodi nent of Fig.28. Instead, an electric
power anplifier may be arranged bet weent? he change-over switch S and.the
vi bratory machi ne 42. Further, this enbodi nent can be applied to al

ki nds 33 of the vibratory apparatus of

the self-excited oscillation
the phase difference between the voltage and the current

is equal to the angle of 90 degrees. In the closed loop
as shown in Fig.9, the output of the wvibratory
displacement detector 13 is negatively fed-back to the
self-excited oscillation controller 15 through the
electric line a. Thus, the general phase difference is
equal to 180 degrees. Accordingly, the system can be
self-excitedly oscillated.

There has been described the construction of the
self-excited vibratory apparatus of the electro-magnet
ty1;e according to the first embodiment of this invention.
Next, operation of this construction will be described.
Aithough not shown, a DC power source is connected to the
power amplifier 16 through an electric switch. By closing
the electric switch, the vibratory machine is
self-excitedly vibrated. According to this embodiment,
since the diode 23 is connected to the electro-magnetic
coil 19 of the vibratory excitér 17, the electric current
changes with time as shown in Fig.11l. It is imsymmetrical
wifﬁ respect to the time axis. The relationship between
thé current and attracting force is squarely non-linear.
Whén the current is very small, the differentiate
coe;fficient is nearly equal to zero at the original point
0 J.'.n the Prior Art. However as shown in Fig.11l, when the
current changes, according to this embodiment, the
different.iation coefficient is equal to a certain value,
since the relationship between the current and the
atfracting force or the input/output conversion gain has
thé same. sign (+). Accordingly, the system starts to

rapidly self-excitedly oscillate and the vibratory



type' or the enforced vibration type. Further, the vibratory

exciter may be of the noving coil type or piezo electric type. Generally,

in the vibratory apparatus which generates a vibrational force by an
electric energy, any vibrational speel. detecting neans nmay be
arranged adjacent to or attached to the novable part of the vibratory
apparatus, an output of the vibrational speed detector is directly or
anplified and negatively fed-back to the vibrational force generating

mechani sm Weshine decerapasebi-eagitrdietvwhrate.n this case, the output

2, once 0 ferent ated U 2 {BLES ORRIEIdmt ! "t O T8k

moving part %%Ig%or igJ)XtréfP@Peq'S includes the saturation limiter
22. 1t receives the output of the amplitude controller
14 and the amplitude of the limiter level wvaries with the
difference between them. Accordingly, the vibratory part
of the vibratory machine 12 vibrates at the predetermined
amplitude set in the amplitude controller 14. Although
there ha's not been described in the construction, the
vibratory exciter 17 has ideally the p_hase lag of 90
degrees, ‘but it has actually a phase lag shifted. slightly
from 90 degrees. Accordingly, phase lagging means may be
édded to the self-excited oscillation controller 15.
Thus, in- tl_'le closed loop system as shown in Fig.9, the
output of the vibratory displacement detector 13 can be
negativel-y fed-back to the output 1line of the vibratory
detector 13 accurately at the phase lag of 180 degree.
Thus, thé vibratory machine 12 can resonantly oscillate
and thus the follow-up control can be effected.

Fig.13 shows a vibratory exciter 17' according to a
second embodiment of this invention. Parts which
correspond to those in Fig.10, are denoted by the same
reference numerals, the description of which will be
omitted.

-A stationary electro-magnet 18' according to this
embbdiment includes a permanent magnet 18a which is
formed integrally there-with. Accordingly, a stationary
magnetic flux Bo generates as shown by the arrow.
Accordingly, even when the current flowing through the

electro-magnetic coil 19 is equal to 0, some attractive



34 VHAT IS CLAIMED IS: 1. In a vibratory apparatus including: (A

vi bratory speed detecting neans for detecting a vibratory speed of a
vibratory nmachine; (B) a self-excited qgscillation controller for
anplifying the output of said vibratongispeed detecting neans at a
feed-back gain K, receiving the output of said vibratory speed detecting
nmeans as a positive feed-back signal;

force is generated when a small current flows through the
eléctro-ﬁagnetic coil 19 within the region B in the
square éharacteristic' as shown in Fig.1l5. Accordingly,
thé average input/output conversion gain is not equal to
"zero within the B region.

The vibratory machine 12 can start easily to
seif-excitedly oscillate. And it can stably oscillate.
Thus, the stationary part B, from the permanent magnet
18& is added to the changing part B from the magnetic
flux due to the small current flowing through the
electro-ﬁagnet 19. Thus, when the detecting current of
the detector 13 and the small current due to noise or the
1ike flow through the electro-magnetic coil 19, they
fluctuaté in the posifive region and so the average value
of the input/output gain is not equal to 0. Thus, the
self-excited oscillation starts. On the other hand, when
the stationary part B, is not imparted, the magnetic flux
is equal to 0, and the input/output conversion gain is
equal to 0 and so the self-excited oscillation does not
start, since the small current changes near the original
point O.

Fig.14 shows a self-excited oscillation controller
15' according to a third embodiment of this invention.
It includes the alternative current amplifier 21 and a
saturation 1limiter 22. An output of the saturation
limiter 22 is supplied to an adde-r 25. A constant DC is
supplied ‘as a constant current instruction to the adder
25. The DC is flowed through the electro-magnetic coil
19. The differentiate coefficient { input-output

conversion gain) of the attractive force is within the



(O e power anplifier for power-anplifying the output of said self-excited
oscillation controller; and (D) a vi bratory exciter receiving the output

of said power anplifier for vibrating said vibratory machine, the _
i nprovenents in which said feed back g is changed in accordance with
the equation; K= [err] Kcr, whereAr represents the anplitude difference

between a predeterm ned arrpl | tude and the present anpl i t ude, K[err]

Klerr] constants Nanlnt cal abilit in. . In a
oo or oo 88 fon Nk THERET cafREnfChrEfad 3 e E A 494 SRoane
for detecti n&lov?n\”lhr Eﬁﬂ)ﬁéj.' SR&%F&%I}W gnV|£l¥—g%1@ﬁhlé&lllatlon

can be surely and stably started, although the

electro-mégnetic excitation system has the non-linear
(square) Eharacteristics .

Fig.1.6 shows a self-excited type vibratory apparatus
21 according to a fourth embodiment of this invention. In
Fig.16, --a vibratory machine 31 represents a vibratory
parts—-feeder. However, it may be another vibratory
machine. A vibratory exciter 37 imparting exciting force
is .not of the electro-magnetic .type exciter, but is of
the piezo electric type or the moving co'il type.
Aéeordingly, between an output of a power amplifier 36
and an ‘outpu_t: of the vibratory exciter 37 there is no
phase difference. A vibrational speed dJdetector 32 is
attached to the movable part of the vibratory machine 31
or‘ arranged adjacent to the vibratory machine 31. The
vibrational velocity detector 32 consists of an amplitude
detector and differentiator or it consists ef a vibratory
acceleration detector and an integrator. The output of
the vibratory velocity detector 32 is integrated in the
amplitude detector 33. Thus, the amplitude is detected
and it is supplied to an amplitude controller 34. It
includes a comparator, and a predetermined amplitude
val.ue is set in the amplitude controller 34. The output
of the amplitude detector 33 is supplied to another
terminal of the comparator in the amplitude- controller
34. Thus, the amplitude difference A r as the comparison
result is supplied to the self-excited oscillation

controller 35. It includes an alternative current



(B) a self-excited oscillation controller for anplifying the output of
said vibratory displacenent detecting neans at a feed-back gain K,
receiving the output of said vibratory displacenent detecting neans as a
negative feed-back signal, and copn2folling phase lag by

—

integrating element or first order lag elenent; (C) a power anplifier for
power-anplifying the output of said self-excited oscillation controller;

‘é‘gd (D) a VLRE#I Pfdr EXehbe'nd CEEMYSAGE N OWHMT 1Rbualid cut and the
alternati.ve current component is amplified. The feedback
gain K is so designed as to be controlled by the output
of the amplitude controller 34. The relationship between
the amplitude difference A r and the feedback gain K is
as shown in Fig.17. The gain curve changes in accordance
with the feedback gain equation, K = K, Ar + K,Ar® +
Kcr, whei:e K., Ks; represent constants, and Kcr represent
a stability limit gain. Thus, the gain curve is a cubic
(three order) curve. Accordingly, when the amplitude
differenceA r is large, the gain K is very large.

There has been described an arrangemeqt of this
embodiment. Neit, operations will be described. Although
not shown, a DC power switch is connected’ to the power
amplifier 36. At the &self-excited oscillation drive of
the vibratory machine 31, the not-shown DC power switch
is closed to put the power amplifier 36 into the
operative condition. _At the same time, the self-excitedly
oscillation controller 35, the amplitude controller 34
and so on, are put into the operative condition. The
amplitude of the movable part of the vibratory machine 31
is equal to zero at the control start. Thus, the
amplitude difference A Tr is maximum. In other words, the
initial wvalue of the amplitude difference A r is equal to
(thé predetermined amplitude -~ 0). In the Prior Art, the
amplitude difference Ar is DC-amplified or
PID—ampli.fied. The feedback gain Ko of the power
amplifier is linearly increased in the relationship of K
= Kp A r as shown in Fig.5. Accordingly, the feedback

gain K, is maximum at the control start. Thus, the rise



pomef anplifier for vibrating said vibratory machine, the inprovenents in
whi ch said feed back gain Kis changed in

= [err]
bet ween
Klerr],

gain. 3.

detecting neans for detecting a vibratory displacenent of a vibratory

machi ne;
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the amplitude detector 33 are also amplified and so the

fee.dback. gain Ko cannot be maintained within the
stability of 1limit. The gain varies much. Accordingly,
the output of'the power amplifier 16 varies much.

On tﬁe other hand, acéording to this invention, the
feedback. gain K is rex;resented by the non-linear
eqt;ation. The second term, K; ( Ar)? decides mainly
the feedback gain K at the control start and so the
self-excitedly oscillation can be rapidly obtained and
the gaiﬁ K deciding the behavior of the vibratory
pax:ts-feeder can be smaller near the stability 1limit.
Thﬁs, the influence of ripple components can be reduced
much.

Fig.18 shows the change of the feedback gain of the
Prior Art. The gain changes much in 900 msec to 910 msec
after turning on the switch. The gain K is sinusoidarily
changed much. On the other hand, Fig.19 shows the change
of the gain feedback gain K according to this invention.
As shown in Fig.19, the stability 1limit gain changes
liftle in 900 msec to 910 msec after turning on the
electric switch. It is proved that the ripple component

of the output of the vibratory detector 33 has 1little

influence.

Fig.20 shows a vibratory apparatus according to a
fifth embodiment of this invention. It is generally
denoted by a reference numeral 21A. The vibratory machine
22 is a vibratory parts-feeder. 1Its vibrational equation

is represented by (mdx?/dt? + cdx/dt + kx = K dx/4dt). The

accordance with the equation ;
+ Kcr, where Ar represents he anplitude difference

a predeterm ned anplitude t he present anplitude,
Klerr] constants, N an integer, and Kcr critical stability

In a vibratory apparatus including: (A) vibratory displacenent

K



vi bratory di spl acenent detecting neans as a negative feed-back signal

(© a power anplifier for power-anplifying the output of said self-excited
oscillation controller; and (D) an el ectronagnet receiving the output of
said power anplifier and generating a rfdgnetic-attractive force for
vibrating said vibrating machine, the inprovenents in which said feed back
gain Kis changed I n accordance with the equation K=Terr] where Ar

t litud di f f d
LBl 1 tude ard At NoseRERanpPS | URBCHTRT | | BR r PRLELRHEI M s I/ anbY.
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I ncl udi ng:
parts, in the above equation. By multiplying 1l/s, where s

represents Lapplus transfer element, (dx/dt). or velocity
can be obtained. A dumping or viscous coefficient is
multiplied by (dx/dt). It is negatively fed-back to such
a vibrational sysfem. Further by multiplying (1/s), a
vibrational displacement x can be obtained. "kx", where k
represents a spring constant, functions as the negative
feedback..A velocity (dx/dt) is detected by a vibrational
speed detector 41 in the vibratory system. An
acceleration may be detected instead of the vibrational
sbeed. At this case, the wvalue is once integrated. Or- an
amplitude may be detected instead of them. At this case,
the value is once differentiated. The output of the
vibrational speed detector 41 is ihtegrated in an
amplitude detecting circuit 42 and it is supplied to an
amplitude controller 43. A self-excited oscillation
controller 24 is so constructed as in the Prior Art. It
includes. an alternative current amplifier 48 and a
saturation limiter 49. An output of the vibration speed
detector 41 is supplied through an electric-wire 44 to a
stop apparatus 46 according to this invention. In this
embodiment, a power amplifier 47 has a gain factor Kv. A
change-over switch S is connected to an output terminal
of the stop apparatus 46 or a self-excited oscillation
controller 24. According to this embodiment, a movable
contact of the change-ovér switch S is connected through
a power amplifier 25 to a wvibration exciter 26. It is

connected to an electric magnetic coil of the



(A) vibratory displacenent detecting nmeans for detecting a vibratory
di spl acenent of a vibratory machine; (B) a self-excited oscillation
controller for anplifying the output ogﬁfaid vi bratory di spl acenent

det ecti ng neans L2 36 at a feed-back gain
K, receiving the output of said vibratory displacenent detecting neans as
a negative feed-back signal; (C a power anplifier for power-anplifying

t he out put of .
electro-magnet in the exciter 26.

An amplitude controller 43 includes a comparator. A
predetermined amplitude is set at one input terminal of
~the comparator, and the output terminal of the amplitude
detecting circuit 42 is connected to another ipput
terminal of the comparator in the amplitude controller
43, The saturation 1limiter 49 of the self-excited
oscillation controller 24 is controlled in accordance
with the amplitude difference between’ the present
amplitude .and the predetermined amplitude. The output of
the vibrational speed detector 41 is positively fed-back
through an electric wire 45 to the self-excited
oscillation controller 24 and further it is negatively
fed-back through an electric wire 44 to the stop
apﬁaratus 26. There has been described construction.
Next, operation will be described.

.When the vibratory machine 22 is driven, the .
change-over switch S is closed at the side of the
self-excited oscillation controller 24. Thus, the output
of +the vibrational speed detector 41 is positively
fed-back .to the self-excited oscillation controller 24.
Accordingly, the wvibratory machine 22 is self-excitedly
oscillated. The electro-magnet 26 has the phase lag of
90 degrees. The vibratory machine 22 is wvibrated at the
resonant point. The phase difference between the force
and displacement is equal to 90 degrees.

~Accordingly, in‘ the self-excited oscillation
controller 24, although the phase is neither advanced nor
lagged, the phase difference of 180 degrees can be

obtained in the closed loop between the output terminal



said self-excited oscillation controller; and (D) an el ectronmagnet
receiving the output of said power anplifier and generating a
magnetic-attractive force for vibrating_said vibratory machine, the

i mprovenents in which a diode is connec.nz_é.d to the el ectromagnetic coil of
the el ectromagnet. 5. In a vibratory apparatus including: (A) vibratory
di spl acenent detecting neans for detecting a vibratory displacenent of a
vi brat ory nachi ne; (B))Ba self-excited oscillation controller for

ampl i fyi ng f[‘hfe B‘Eﬁp‘ﬁf‘_ _?t%’éY ds’a?’bﬁlafiﬁf:?cﬁ?gp &cé’_r%tt%"et éB_PPﬁg teEmiealat a
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detecting neans as a negative feed-bac

can be stably effected. The amplitude of the vibratory
machine 22 is always detected by the amplitude detecting
circuit 42. Thus, the level of the saturation limiter 49
in the self-excited oscillation controller 24 is so
controlled as to maintain the bowl of the parts-feeder at
a constant amplitude. As the result, the vibratory
machine 22 is vibrated at the predetermined amplitude.

When +the vibratory machine 22 is stopped, the
change—oﬁer switch S is connected to the side of the
stop apparatus 46. Now, the 6utput of the wvibration
speed detector 41 is supblied to the stop apparatus 46.
It is négatively fed-back to the stop apparatus 46. The
output of the vibrational speed detector 41 is negatively
fed-back fo the stop apparatus 46 and it is amplified by
the gain Kv and it is supplied to the vibratory exciter
26. The force from the exciter' 26 is opposite to the
direction of the vibration of the vibratory machine 22.
.Thus, the vibratory machine 22 stops in a short timé in
comparisdn with the case of the natural dumping force in
the Prior Art.

Fig.21 and Fig.22 show the effect of this invention
in simulation. Fig.21 shows a wave shape of a vibrational
displacement _in the Prior Art, in this case. The
vibratory machine 22 starts self-excitedly to oscillate
at time 0 msec. The amplitude is increased as shown in
Fig.21 and it is maintained at the predetermined wvalue.
When the vibration stop instruction is supplied at time

500 msec, the vibrational displacement changes in the



(©) a power anplifier for power-anplifying the output of said self-excited
oscillation controller; and (D) an el ectro-magnet receiving the output of
said power anplifier and generating a magnetic-attractive force for
vibrating said vibratory nachine, the iffdrovements in which said

el ectro-magnet includes a permanent nmagnet. 6. In a vibratory apparatus
including: (A) vibratory displacement det ecti ng nmeans for det ecti ng a

vibratory displ acement of a vibratory machin sel f - exci
oscillation %@?ﬂ?oﬁ“?@?e?or LepFeayd ek uGut‘Htﬁ %F XY §‘f’5?’é‘?%r Jhat
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this case, the dumping factor is equal to 0,005 and the
resonant magnification is equal to 100.

Fig.22 shows an effect of this embodiment in
simulatioﬂ. The self-excited oscillation can be effected
in the same manner as the Prior Art. When the vibration
stops instruction is supplied at time 500 mééc, the
vibratory machine stops in 0,12 seconds. The time when
the amplitude of the movable part is reduced to zero
after the vibration stop instruction, is equal to about
1/10 of the corresponding time of the Prior Art. Thus,
the vibratory parts—feeder can be almost instantaneously
stopped and so the parts supply to the next stage can be
rapidly stopped.

Fig.23 shows a vibratory system according to a sixth
emﬁodiment of this invention. It is generally denoted by
a reference numeral 21B. Parts which correspond to those
in | Fig.20 are denoted by the same reference numerals,
the details of which will be omitted.

In this embodiment, the wvibration displacement of the
vibratory machine 22 is detected by a vibration
displacement detector 51 and it is suitably amplified by
the amplitude detecting circuit 42. The amplified output
is supplied to the amplitude controller 43. The ocutput of
the vibratory displacement detector 51 may be amplified
by a gain amplifier and then it may be negatively
fed-back through the electric wire 45 to the
self-excited oscillation circuit 24'. Further, it is

negatively fed-back to the stop apparatus 57. However,



37 vi bratory di spl acenent detecting neans as a negative feed-back
signal; (C a power anplifier for power-anplifying the output of said
self-excited oscillation controller; and _ (D) an electromagnet receiving
the output of said power anplifier an erating a nmagnetic-attractive
force for vibrating said vibratory machine, the inprovenents in which a
const ant DC current 1is flowed into the electromagnetic coil of

sai d el ectronagnet. .  Ees
in~ this embodiment, it is supplied to a K;s amplifying

" apparatus 58 having a function of multiplication, gain K, X
first order lag element s. The self-excited oscillation
controller 24' includes an AC amplifier 48' having a gain
K and an integration element 1/s. In this embodiment, the
phase lag is not generated by the vibratory exciter 26°'.

.There has been described construction of the sixth
embodiment of this invention. Next, operation will be
described.

At the start of the self-excited oscillation, the
chénge—over switch S is changed over at the side of the
self-excited oscillation controller 24'. The output of
the vibration displacement détector 51 is negatively
fed-back to "'the controller 24'. It is integrated or the
phase is made to lag by 90 degrees. The vibratory méchine
22 is wvibrated at the resonant point. Accordingly, the
phase difference of 180 degrees is formed at the closed
loop. Aécordingly, the wvibratory machine 22 can be
stably self-excitedly vibrated.

To stop the wvibratory machine 22, +the change-over
switch S8 1is changed over at the side of the stop
apparatus 57. The output of the amplitude detector 51 is
negatively fed-back and it is differentiated. Thus, the
pha.se is advanced by 90 dégrees and amplified by the
gain K,. Then, it is supplied to the vibratory exciter
26'. In the same manner as the case that the vibratory
velocity is negatively fed-back, sihc_:e the advance of
the phase by 90 degrees is equivalent to differentiating
the output, the vibration of the vibratory machine 22_can

be rapidly reduced to zero in the same manner as in the



7. A vibratory apparatus according to anyone of clains 4 to 6, I n
whi ch said self-excited oscillation controller includes a
saturation el enent and the saturation |level of said saturation

el ement is changed on the basi s of22 t he out put of sai d
vibratory displacenent-detecting means. 8. A vibratory apparatus
according to anyone of clains for 4 to 7, in which said self-excited
oscillation _controller has the function of phase |ag by which the
frequency ofifthpmbodimenteycited oscillation is so controlled as to
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detecting a empodiment of this invention. It is generally represented
by. a reference numeral 21C. Parts which correspond to
those in Fig.23, are denoted by the same reference
numerals, the detail of which will be omitted.

Also in this embodiment, the output of the
vibrational displacement detector 51 is negatively
fed—back to the self-excited oscillation controller 24°*'.
Further, the output of the vibrational displacement
detector 51 is negatively fed-back to a stop apparatus 60
which includes a DC amplifier 62 of a gain K,p, and s?
eiement .However, the output | of the vibrational
dis.placement detector 51 may be once differentiated and
so. advanced by 90 degrees. Instead, it may be twice
differentiated. The vibratory exciter 61 is the
eléctro-magnet as in the fifth embodiment. It has the
phase lag element of 1/(s+a).

There has been described construction of the seventh
enibodiment of this invention. Operation will be described.

When the change-over switch § is changed over at the
side of the self-excited oscillation controller 24', the
vil:;ratory machine 22 starts self-excitedly to oscillate
in the same manner as in the above embodiment. To stop
the wvibratory machine 22, the change-over switch S is
changed over at the side of the stop apparatus 60.
Accordingly, the output of the amplitude detector 51 is
negatively fed-~back to the controller 24. The output is
twice differentiated and the phase is advanced by 90

degrees. As in the fifth embodiment, the velocity signal



Vi br;att'ory speed of a vibratory machine; (B) a self-excited oscillation

controller for anplifying the output of said vibratory speed detecting

neans at a first feed-back gain, receiving the output of said

vi bratory speed detecting nmeans as a postlive feed-back signal: (O a

power anplifier for power-anplifying the output of

38 said self-excited oscillation controller; and
is advanced by 90 degrees. Then, it is supplied to the
vibratory exciter 61. Thué, the phase difference of 180
degrees can be obtained in the closed loop. The
vibratory machine 22 receives a force opposite to the
moving direction, since the output is negatively
fed-back. Thus, the movable part of the vibratory
machine 22 can be rapidly reduced to 0.

Fig.25 to Fig.27 show an eighth embodiment of this
inventioﬁ. In this embodiment, a minor 1loop circuit is
added to the circuit of the fifth embodiment. Also in
this embodiment, the vibratory exciter is an
electro-magnet 81. It has the lag element of (1/R)x [ 1/
(-1+as) ]'. Current i as the output is detected by a
current detector 89 having a gain Ki. It is amplified by
current minor feedback gain controller 90 of gain K,.
It is negatively fed-back to a comparator 83. On the
other hand, as above described, the vibrational speed
signal is negatively fed-back -to another input terminal
of the comparator 83. The output of the comparator 83 is
supplied to the current minor feedback gain circuit 86.
Further it is amplified by a power amplifier 87 having a
gain K,. The output is supplied to the electro-magnet 81.
With the minor 1loop circuif, the electro-magnet 81 is put
into the over-magnetizing condition as shown in Fig.26.
When the stop instruction is supplied, the voltage is
steeply rised and it changes with time as shown in
Fig.27. It can more rapidly rise in comparison with the
case that the minor loop circuit is not used.

Accordingly, the vibratory machine 42 can be more rapidly

stopped. Fig.26 shows the case that the current minor



(D) a vibratory exciter receiving the output of said power anplifier for
vibrating said vibratory machine; (E) a closed |oop being forned by said
vi bratory nmachine, said vibratory speed_detecting nmeans, said self-excited
oscillation controller, said power anpliHer and said vibratory exciter,
the inmprovenents in which said closed |oop is opened, when said vibratory
machine is stopped, and the output of said vibratory speed detecting neans
is anplified as a negative feed-back signal _at a second feed-back gain,
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current i gradually increases with time. At this case,
the stop can be retarded.

Fig.2.8 shows a vibratory apparatus according +to é
ninth embodiment of this invention. It 1is generally
represented by a reference numeral 41D. It is of the
forced-vibration type. A stop apparatus 110 includes a
comparator 112 and a gain amplifier 111. The velocity
(dx/dt) of the vibratory machine 42 is negatively
fed-back to a co_mparator_ 112 and it is amplified by an
q__mglifie‘r _1-11 having gain Kv. Then, it is supplied to the
éleﬁérb—mégnet' of the . vibratory machine 42. As above
described embod_iment, the electro-magnet makes the phase
laé by 90 degrees. When the vibratory machine 42 is
vibrated nearly at the resonant point, a force opposite .
to the vibrational speed can be applied to the movable
part. Thus, the braking force is applied to the movable
part. Accordingly, it can be rapidly stopped.

When the vibratory machine is vibrated at the
frequency which is far from the resonant point, a phase
advance e-lement may be added in the stop appa:_ratus 110.

While the preferred embodiments héve been described,
variations thereto will occur to those skilled in the art
withn the scope of the present inventive concepts which
are delineated by the following claims.

For. example, in the first embodiment, the wvibratory
machine 12 is the vibratory parts-feeder. However, instead
all kinds of vibratory machines having an electro-magnetic

vibrational mechanism can be applied to the first



(B) a self-excited oscillation controller for anplifying the output of
said vibratory displacenent detecting neans at a first feed-back gain,
receiving the output of said vibratory displacenent detecting neans as a
negative feed-back signal and for contrid]ing phase lag by an integrating
el enment or first-order lag elenent; (C) a power anplifier for

power -anplifying the output of said self-excited oscillation controller;
and (D) a vibratory exciter receiving the output of said power anplifier
for vibrati n§™L2AimGPEaf HRiSHAVeRtEIonE) a closed | oop being forned by
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vibratory exgkt@ttotherd MiOVeFENtfiel Nedd¥ Ch current type and it is
adjacent or attached to the 1leaf spring 10. Instead, a
vibratory exciter of the piezo electric type may be
used. At this case it is attached to the movable part M
and the output of the vibratory detector is twice
integrated to obtain the vibrational displacement and it
is supplied to the amplitude cbntroller 14.

In the fourth embodiment, the vibrational speed of
the vibratory machine 31 is detected and the output is
positively fed-back. The closed loop is formed to effect
the self-excited oscillation. Instead, a vibratory
displacement may be detected' and an output of the
vibrational displacement is negatively fed-back to the
self-excited oscillation controller 35. The above
described feedback gain K may be varied to make the phase
lag. As clear from the self-excited oscillation principal
or theory, the phase difference between the force and the
displacement is equal_ tox /2 at +the resonant point.
Accordingly, a lag element of % /2 may be used to make
the phase lag byx /2.

In the above description, the eighth embodiment of
Fig.25 is applied to the fifth embodiment. However, it may
be applied to the other embodiments. In this case, the
amplifier 111 should be an electric power amplifier in
the embodiment of Fig.28. Instead, an electric power
amplifier may be arranged between the change-over switch
S and the vibratory machine 42.

Further, this embodiment can be applied to all kinds



sai d cl osed
t he out put
di spl acenent

negati ve feed-back signal at a second33¥eed-back gain, and supplied to

| oop i s opened, when said vibratory machine is stopped,
of sai d vi bratory

and

detecting neans is differentiated and anplified as a

said vibratory exciter. 11. In a vibratory apparatus including: (A
spl acenent detecting neans for detecting a vibratory speed of

vi bratory di
a vibratory

machi ne;
of the vibratory apparatus of the self-excited oscillation

type or the enforced vibration type. Further, the
vibratory exciter may be of the moving coil type or piezo
elg-:ctric type. Generally, in the vibratory apparatus
which génerates a vibratiqnal force by an electric
energy, any vibrational speed detecting means may be
arranged -adjacent to or attached to the movable part of
the vibratofy apparatus, an output o©f the vibrational
speed de.tector is directly or amplified and negatively
fed-back to the vibrational force generatiﬁg mechanism.
When an acceleration may be detected in this case, the
output ié once differentiated. Thus, a force opposite to
the vibrétional direction of the moving part is applied
to the hoving part. Thus, the moving part can be rapidly

stopped.



(B) a self-excited oscillation controller for anplifying the output of
said vibratory displacenent detecting neans at a first feed-back gain,
receiving the output of said vibratory displacenent detecting nmeans as a
negative feed-back signal; (C) a power3&nplifier for power-anplifying the
out put of said self-excited oscillation controller; and (D) an

el ectro-magnet receiving the output of said power anplifier for vibrating
said vibratory_machi ne; E)_a closed | oop being forned by said vibratory
machi ne, sa Tv?ﬁr%’c’%*%én ¥ splacement detecting neans, said
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(A) vibratory speed detecting means for detecting a
vibratory speed of a vibratory machine;

(B) a self-excited oscillation controller for amplifying
the output of said vibratory speed detecting means at a
feed-back gain K, recéiving the output of said vibratory
speed detecting means as a positive feed-back signal;

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) a vibratory exciter receiving the output of said
power amplifier for vibrating said vibratory machine, the
iﬁprovements in which said feed back gain K is changed in
accordance with the equation; K = K, A1 + Ky( A r)zi+1
Kcr, whereA r represents the amplitude difference between
a predetermined amplitude and the present amplitude, K,,
Ky constants, N an integer, and Kcr critical stability
gain.

2. In a vibratory apparatus including:

(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine:;

(B) a self-excited oscillation controller for amplifying
the output of said vibratory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratory displécement detecting means as a negative
feed-back signal, and controlling phase lag by
integrating element or first order lag element;

(C) a power amplifier for power-amplifying the output of
said self-éxcited oscillation controller; and

(D) a vibratory exciter receiving the output of said

(R



cl osed | oop is opened, when said vibratory machine is stopped, and the
out put of said vibratory displacenent detecting neans are tw ce
differentiated, or once differentiated and phase-advanced by 90
degrees, and anplified as a negative fedd-back signal at a second
feed- back gain, and supplied to said electromagnet. 12. A vibratory
apparatus according to claim9 or 10, in which said negative si gnal

is supplied through a  phase-advancer to said vibratory exciter for
conpensat i ng POMeE IR figF ofokavibrabing ofpidx Mitgatorys machipg, pihe oy

apparat us Inc‘lmlilaclj:‘lov%:ments in which said feed back gain K is changed in

accordance with the equation ; K = K, Ar + Ky( A rxr)zr+!
+ Kcr, where A r represents the amplitude difference
between a predetermined amplitude and the present
amplitude, K, Ky constants, N an integer, and Kcr
critical stability gain.

3. In a vibratory apparatus including:

(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;

{(B) a self-excited osc;‘.llation controller for amplifying
the output of said vibratory displacement dei;ecting means
ai: a feed-back gain K, receiving the output of said
vibratory displacement detecting means as a negative
feed-back signal;

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) an e.lectr_o—magnet receiving the output of said power
amplifier and generating a magnetic-attractive force for
vibrating said . vibrating machiné, the improvements in

which said feed back gain K is changed in accordance with

the equation; K = K, Ar + KN'( ArT)2"*!' + Kcr, where AT
represents the amplitude difference between a
predetermined amplitude and the present amplitude, K,, K,

constarits, N an integer, and Kcr critical stability gain.

4. In a vibratory apparatus including:

(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;

(B) a self-excited oscillation controller for amplifying

the output of said v1bratory dlsplacement detecting means
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40 (A) a vibratory exciter receiving an electric power from an AC power
source; (B) a vibratory machine of the enforced vibration type, receiving
a vibrational force from said vibratory exciter; and (C a
vibratory speed detecting means for det28ting the vibrational speed of
sai d vibratory machine, the inprovenent in which said vibratory
exciter is cut off fromsaid AC power source, and the output of said

oY P L SRR ek S RSP B ook Y v
vibratory displacement detecting means as a negative
feed-back signal;

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) an electro-magnet receiving the output of said power
amplifier and generating a magnetic-attractive £force for
vibrating said vibratory machine, the ihprovements in
which a diode is connected to the electro-magnetic coil
of the electro-magnet.

5. In a vibratory apparatus including:

(A) wvibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine;

{B) a self-excited oscillation controller for amplifying
the output of said vibratory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratory displacement detecting means as a negative
feed-back signal;

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) an electro-magnet receiving the output of said power
amplifier and generating a magnetic-attractive force for
vibrating said vibratory machine, +the improvements in
which said electro-magnet includes a permanent magnet.

6. In a vibratory apparatus including:

(A) vibratory displacement detecting means for detecting
a vibratory displacement of a vibratory machine; -

(B) a self;excited oscillation controller for amplifying
the output of said vibratory displacement detecting means

at a feed-back gain K, receiving the output of said
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when said vibratory machine is stopped. 14. In a vibratory apparatus

i hcluding: (A a vibratory exciter receiving an electric power from an AC
power source; (B) a vibratory nachine of the enforced vibration type,
receiving a vibrational force from338aid vibratory exciter; and (C
a vibratory displacenent detecting means for detecting t he

vi br ati onal di spl acenent of said vibratory nmachine, the

i mprovenent in whi ch said vibratory exciter is cut off fromsaid AC

power sourceVibrgdorNe Slsplacemesdi d dgtinching deMMmcef®nt adenegatiye

means i s arrplijgeidg%a%i gigrel i\t;i ve feed-back signal and,

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) an electro-magnet receiving the output of said power
amplifier and generating a magnetic-attractive force for
vibrating said vibratory machine, the improvements in
which a constant DC current is flowed into the
electro-magnetic coil of said electro-magnet.

7. A vibratory apparatus according to anyone of claims
4 to 6, in which said self-excited oscillation
controller includes a saturation element and the
saturation level of said saturation element is changed on
the basis of the output of said vibratory
displacement-detecting means.

8. A vibratory apparatﬁs according to anyone of claims
for 4 to 7, in which said self-excited oscillation
controller has the function of phase lag by which the
frequency of the self-excited oscillation is so
controlled as to correspond to the resonant frequency of
said vibratory machine.

9. In a vibratory apparatus including:

(A) vibratory .speed detecting means for detecting a
vibratory speed of a vibratory machine;

(B) a self—_excited oscillation controller for amplifying
the o_utput' of said vibratory speed detecting means at a
first feed-back gain, feceiving the output of said
vibratory speed detecting means as a positive feed-back
signal;

(C) a power amplifier for power-amplifying the output of
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phase-controll ed for phase lag by an integrating or first-order |ag
element and supplied to said vibratory exciter. 15. A vibratory apparatus
according to anyone of clains 9 to 14 in which nmeans for detecting
magnetic flux from said vibratory excitéf is provided and the output of

41 said neans is anplified and negatively fed-back to said power
anplifier.

said self-excited oscillation controller; and

(D) a vibratory exciter receiving the output of said
power amplifier for vibrating said vibratory machine;

(E) a closed loop being formed by said vibratory machine,
'said vibratory speed detecting means, said self-excited
oscillation controller, said power amplifier and said
vibratory exciter, the improvements in which said closed
loop is opened, when said vibratory machine is stopped,
and the output of said vibratory speed detecting means
is amplified as a negative feed-back signal at a second
feed-back gain, and supplied to said vibratory exciter.

10. In a vibratory apparatus including:

(A) vibratory displacement detecting meaﬁs for detecting
a vibratory displacement of a vibratory machine;

(B) a self-excited oscillation controller for amplifying
the output of said vibratory displacement detecting means
at a first feed-back gain, receiving the output of said
vibratory displacement detecting means as a negative
feed-back signal and for controlling phase lag by an
integrating element or firsf—order lag element;

(C) a power amplifier for power-amplifying the output of
said self-excited osdillation controller; and

(D) a vibrafory exciter receiving the output of said
power amplifier for vibrating said vibratory machine;

(E) a closed loop being formed by said wvibratory machine,
said vibratory displacement detecting means, said
self-excited oscillation controller, said power amplifier
and said vibratory exciter, the improvements in which
said closed loop is opened, when said vibratory machine

is stopped, and the output of said vibratory
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16. In a vibratory apparatus including an exciting mechanismfor inparting
to said vibratory apparatus an electric power from an electric power
sour ce, the inprovenent in which vibratory speed detecting neans is
arranged adj acent to said novable part of9attached to said novable part
and said exciting mechanismis cut off “fromsaid el ectric power source
when said vibratory apparatus I s stopped, and the output of said vibratory

speed detecting_  neans su plied directly to said excitin
mechani sm  @iSP éﬁ&WPPIed etectigg \mEAREor ¢S nﬁ&ﬁ§ﬁF§ﬁFa§t§dne@§F|ve

f eed- back S'%m%lllfled as a negative feed-back signal at a second

feed-back gain, and supplied to said vibratory exciter.

11. In a vibratory apparatus including:

(A) vibratory displacement detecting means for detecting
a vibratory Speed of a vibratory machine;

(B) a self-excited oscillation controller for amplifying
the output of said wvibratory displacement detecting means
at a first feed-back gain, receiving the output of said
vibratory displacement detecting means as a negative
feed—back signal;

(C) a power amplifier for power-amplifying the output of
said self-excited oscillation controller; and

(D) an electro-magnet receiving the output of said power
amplifier for vibrating said vibratory machine;

(E) a closed loop being formed by said vibratory machine,
said vibratory displacement detecting means, said
self-excited oscillation controller, said power amplifier
and said electro-magnet, the improvements in which said
closed 160p ié opened, when said vibratory machine is
stopped, and the output of said vibratory displacement
detecting means are twice differentiated, or once
differentiated and phase-advanced by 90 degrees, and
ampiified as a negative feed-back signal at a second
feed~-back gain, and supplied to said electro-magnet.

12. A wvibratory apparatus.according to claim 9 or 10, in
which said negative signal is supplied through a
phase—advancer to said wvibratory exciter for compensating
the phase lag of said vibratory exciter.

13. In a vibratory apparatus including:
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40

(A) a vibratory exciter receiving an electric power from
an AC power source;

(B) a vibratory machine of thé enforced vibration type,
receiving a vibrational force from said vibratofy
exciter; and

(C) a wvibratory speed detecting ﬁeans for detecting the
vibrational speed of said vibratory machine, the
improvement in which said vibratory exciter is cut off
from said AC power source, and the output of said
vibratory speed detecting means is amplified and supplied
to said vibratory exciter as a negative feed-back signal
when said vibratory machine is stopped.

14. In a vibratory apparatus including:

(A) a vibratory exciter receiv.ing an electric power from
an AC power source;

(B) a vibratory machine of the enforced vibration type,
receiving a vibrational force from said vibratory
exciter; and

(C) a vibratory displacement detecting means for
detecting the vibrational displacement | of said
vibratory machine, the improvement in which said
vibratory exciter is. cut_ off from said AC power source,
and the output of said vibratory displacement detecting
means is amplified as a negative feed-back signal and,
phase—controlied_ for phase lag by an integrating or
first-order lag element and supplied to said wvibratory
exciter.

15. A vibratory apparatus according to anyone of claims 9
to 14 in which means for detecting magnetic flux from

said vibratory exciter is provided and the output of

A
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said ﬁeans is amplified and negatively fed-back to said
power amplifier.

16. In a vibratory apparatus including an exciting
mechanism for imparting to said vibratory apparatus an
electric power from an electric power source, the
improvement in which vibratory speed detecting means is
arranged- adjacent to said movable part or attached to
said movable part and said exciting mechanism is cut off
from said electric power source when said vibratory
apparatus‘ is stopped, and the output of said vibratory
speed detecting means is supplied directly to said
exciting | mechanism or amplified to said vibratory

mechanism as a negative feed-back signal.
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VIBRATORY APPARATUS

ABSTRACT OF THE DISCLOSURE

In a vibratory apparatus including vibratory speed
detecting means for detecting a vibratory speed of a
vibratory machine, a self-excited oscillation controller
for amplifying the output of the vibratory speed
detecting means at a feed-back gain K, receiving the
output of the vibratory speed detecting means as a
positive feed-~-back signal, a power amplifier for
power-amplifying the outpu# of the self-excited
oscillation controller and a vibratory exciter receiving
the output of the power amplifier for vibrating the
vibfatory machine, the feed back gain K is changed in
accordance with the equation; K = K,Ar + Ks{( ATr)* +
Kcr, where A r represents the amplitude difference
between a predetermined amplitude and the ‘present
amplitude, K,, K; constants, and Kcr critical stability

gain.
Figure 16 - 19




