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. . " 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:

For '.e_xamp_l_e, “Vibratiqn Application Technology"
published 'in 1992 by Industrial Research Association,:
discloses a vibratory apparatus of - the self-exci_téd

oscillation type. It is shown in Fig.l. In Fig.l, a

closed loop consists of a vibratory machine 1, a

vibration detector 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 et;ual..- i:o_' ._lob. The gain incl\:_ldes not only the gain of
the vibfét_ién detéctor, the gain of the controllier and
the _'gainl_ .' 'l_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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_eleCtro¥magnet;:l it has the non-linear or  square
characteristic. ﬁhich is the relationship between the
current dfioWing through the coil and the attractive
force :as 'shown in Fig.2. Accordinglf, the. input—output
conversion 'gain.'or the differential coefficient is equal
to zZero or nearly equal to zero nearly at the current of
zero or w1th1n 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.

Generally,._ a self-excited resonance-type vibratory
apparatus-has,the advantage that it automatically follows
up a résonance “point;' However, any control is required
.for maintaining an amplitude of a v1bratory machine at a
definite Yalue. When the amplitude is maintained at the
definite.Vaiue by a saturation characteristics of a power
amplifier, the. output of the. power amplifier is
rectanguiar, _tand therefore, it includes much high
frequency components. :

A self-exc1ted v1bratory '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 o'és shown in Fig.3.

In1Fi§.4g a vibratory machine ‘is generally.designated
by a' reference' numeral 1', and it is represented by a
shown characteristic equation. A vibration detector 2' is
arranged adJacent to the v1bratory' machine 1'. When the
vibratory_ machine 1' is a v1bratory parts-feeder, the

vibration detector 2' is an eddy current type sensor, and
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it is ar'rangéd adjacent to a leaf spring which combines a

bowl (movable part) with a base. The output of the.

vibrator sensor 2' is supplied to an amplitude controller

3', and an output of the amplitude controller 3' is
supplied to a pow_elr 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_ 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 zei:o. 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 vibrato.ry velocity of the mass
m is equal to dx/dt, when the 1lag element is 'equal to
l/s, where s represents a Laplace transform. A damping
force (cXx dx/d’c_) is applied to_ the ~mass m, wherel c
represents a viécous coefficient. The "'dx/'dt" is
transferz;ed. to a displacement x. by the lag element 1l/s. A
.restoring: 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 béhind the forc_:e at the resonant
frequency. Since the displacément P4 .is made to lag by 90

degrees, by the. first order lag element 5' in the
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self-excited oscillation controller 7'. The phase

difference is equal to 180 degree, in an opened loop.
Thus, a self-excited oscillation becomes possible. When a
gain K, of the power amplifier 4' is over a stability
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

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 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 type of the Prior Art. It is genéi‘ally

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

i
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‘is, __.fo_r _example, al vibratory parts-feeder. A vibration
de_t'ec':tor'_3". of the eddy current type is arranged adjacent
to a .-l'ea'f spfing in the vibrafo_ry machine 2". An output
of | the v1bratlon detector' 3" 1s suppiied .to a
self- ex01ted osc1llat10n 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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after fime 39,;thé parts continue to be supplied to the
next stage. fhaf is often a great disadvantage. 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" at_ the resonant frequency 1ncreases
with a dumpiage-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 vibratery parts-feeder 2A which
is one exampie of the vibratory' 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 linejg' heéween the'commereial supply 7 and the
controller .8,” or an electric 1ine 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 considerable time
eet Has Been Replaced

6 i \\\l \l\ N



that the amplltude of the bowl is reduced to 0. Thus,

there 1s the above descrlbed disadvantage.

SUMMARY OF THE INVENTION

Accordingiy, it is aﬁ object to .provide a vibratory
apparatﬁs which is reliabie for handling parts.

In accordanee with an aepect of this invention, a
vibratory apbaratus comprising:
(A) vibtatorj .epeed detecting means for detecting a
vibratory speed of a vibratory machine;
(B) a self—exeited. oscillation controller for amplifying
the output_ of said vibratory speed detectihg means at a
feed-back ‘gain K, receiving the output of said vibratory
speed detectiﬁgiﬁeans as a positive feed-back signal;
(C) e powet -amplifier- for power-amplifying the output of
said self—excited oscillation controller; and
(D) a Vibratety exciter receiVing the output of said
power amplifier'for vibrating said vibratory machine, the
imprevements in which said-feed back gain K is changed in
accqrden”c_:e' withi the eqﬁat_ion;' K = KA + Ke( Arx)2é+t +
Kcr, whereA r represents the amplitude difference between
a predetermined " ampllﬂitude and the present amplitude, K,,
Ky constants; N' an integer;. and Kcr critical stability
gein.

In acco'rdance with another aspect of this invention,
" a vibratory.efperatus cemprising:
(A) vibratory'disblaceﬁent detecting means fot detecting
a v1bratory dlsplacement of a vibratory machine;

(B) a self-excited osc111at1on controller for amplifying
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the output o:f'- said vibratory displacement detecting means
at a feed-back gain K, receiving the output of said
vibratory 'dis'placement detecting means as a negative
feed-back  signal, and controlling phase lag by
integrati-ng element or first order..lag element;
(C). a power"amp"lifi.er for power-amplifying the output of
said self-excited_oscillation controller; and
(D) a vibratoﬁ exciter receiving the output of said
power 'amp'litier l'for vibrating said vibratory machine, the
.improveme_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
between ' a.. predetermined amplitude and the _present
amplitude, 'Kl_,. Ky- constants, N an integer, and Kcr
critical stabxllty gain. |

-I‘n. accordance with a 'further aspect of this
1nvent10n, ‘a vibratory apparatus compr:.sxng-
(A) v:.bratory displacement detecting means for detecting
a vihratory_ displacement of a vibratory machine;
(B) | a self-exc;tedl ‘oscillation controller for amplifying
the output of- said vibratory displacement detecting 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 changed in accordance with
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the equation, K = KA + Ky A'r)’““l + Kcr, where Ar
represents ~ the amplitude difference between a
prede_termined "'amplitude and' the present amplitude, K,, Ky
co_nst.ants,- N an integer, and Kcr critical stability gain. |
In accordance With a still further aspect of this
' invention, a vibratory apparatus compriSing.
() Vibratory displacement detecting means for detecting
a Vibratory displacement of a Vibratory machine;
{B) a __sel_f-exc1ted oscillation controller for amplifying
the o_utp_ut of . 's_aid_uibratory displacement detecting means'
" at a' feed—na_'ck gain K, reCeiving the output of said
vibratory displacement detecting means as a negativ_e

feed-back signal :

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

said self—exci_ted_ oscillation controller; and
(D) an 'electro-'magnet 'receiving.; the output of said power
amplifier .and 'generating a magnetic-attractive force €for
vibratino_ 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 c_omprisingé
(a) vib_rato'ry displacement ‘detecting means for detecting
a Ivibrato'ry displ-acement of a vibratory machine;
(B) a self-—exCited osc111ation 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 sign’al-. o

(C) a power amplifier for power-amplifying the output of
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said sel.f.-ex"c_i.ted_: oscillation controller; and
(D) an electro-mégriet receiving the output of said power
amplifier and generating a magnetic attractlve force for
vibrating said v1bratory machine, the improvements in
which said.electro—magnet includes a permanent magnet.

In .accordanc_e with a still further aspect of this.
invention, a vibratory 'appa_ratus comprisiog: |
(A) vibratory displacement detecting means for detecting
a Vibratory displacement of a v1bratory machine;
(B) a self-exc:.ted oscillation controller for amolifying
the output o_f,_said vibratory displacement detecting means
at a feed—b_aek 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 ootput of.
said self-excired oscillation controller; and
{D) an electro—_inagnet receiving the output of said power
amplifler and generating a magnetic-attractive force for
vibrating said vibratory machine, the 1mprovements 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
invention, a v1bratory apparatus comprising°
- (A) _vibratory_ speed detecting means for detecting a
vibratory speed of a'vibratory machine; |
(B) a self—ext_:ii'il:e'd oscillation controller for amplifying
the output o'f‘ _s.aid 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; - |
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(C) a power amplifier for power-amplifying the output of
said'self—excited.oscillatién_controller; and

(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 dispiacement of a vibratory machine:;
(B) a self;exCiﬁed 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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said closed loop is opened, when said vibratory machine
is stopped _and the output’ of said vibratory
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
inveution, a vibratory apparatus comprising:
(a) vibratofyf'displacement ‘detecting means for detecting
a vibratory speed'of a vibratory machioe;
(B) a self-excited osciliation controller for. amplifying
the output of said vibratory displacement detecting means
at a first feed-back gain, receiving the output of said
vibratory diSpiacement detecting means as a negative
feed-back'sdgnali-
(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 v1brat1ng said vibratory machine;
(E) a closed loop being formed by said vibratory machine,
said vibratofy displacement ~ detecting means, said
self-excited._oscillation' controlleru' said power amplifier
and said electtofmagnet; the improvements in which said
closed loop is. opeued, when said vibratory machine is
stopped, and the output of said vibratory displacement
detecting- means afe 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 compr1s1ng-
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(A) a vibratory exciter receiving an electric power from
an AC power source; |
(B) a vibratéiﬁ’ machine of the enforced vibration type,
receiving a 'vibfational force -,from said vibratory
éxciter; . 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 .AC 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 vibraﬁory.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 suppliéd' to said vibratory
exciter. | |

'fn aééordancé with a still further aspect of this

invention, in a_vibratory apparatus comprising:
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an 'e’icitixig ‘mechanism for impa_rtiné to said vibratory
apl;aratus an electric power from an electric power
.sov.;rce,' 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
fnechanism. is cut off from said éleqtric power source
when said vibratofy app_aratus is stopped, and the outéut
of Said_ vibfatory speed detecting means is supplied
directl_y to said exciting mechanism or ampl_ified to said
vibratory mechénism as a negative feed-back signal.

The forégoing and other objects, features, and
advantéges of' the present invention will .be more readily
_understood upon' consideration of lthe following detailed
des‘cript_ion of the éreferred 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 exblain’ing_operation of the other
Prlor Art

Fig.6 is a block dlagram of a further Prior Art.
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Fig.7 15 c:time chart for explaining the further Prior
Art. - |

oFig.8 is a oside' view of a vibratory apparatus of a
further Prior'Art. |

Fig.9 |is :a block diagram of a vibratory apparatus
accordlng to a f1rst embodiment of this invention.

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

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

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

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 aoparaths according ro a third embodiment of
this inycntioo.

.Fig.ls is é chart for explaining the second embodiment
of this invention.

Fig.16 is a block diagram of a vibrotory apparatus
accordlng 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 Prlor Art

Fig. 19 is a chart for explalnlng the operation of the

fourth embodlment of thxs invention.
F1g.20 is_'a block dlagram of vibratory apparatus
according to a fifth embodiment of this invention. .

Fig.21 is ‘a  chart for explaining the comparlson
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betweén the Prior Art ahd this invéntion. |

-Fig.22 is a chart for explaining the oper.ation. of the
fifth emﬁodime’nt of this invention.

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 émbo_diment of this invention.
| Fig.27 ié a chart for explaining a further operation
.of i.:he eighth embodiment. | |

Fig.28 is a block diagram of_ an impoftant 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
emﬁodiment of this invention. It 'is generally designated
byla reference ‘numeral 11. A vibfatory 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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vibration d:ifs.pla'ce._me_n.t detector 13 is ‘compared with the
predetermined amplitude in the amplitude controller 14.
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 in 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 arré_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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the phase difference between the voltage and the current
is equal to the angle of 90 degrees. In the closed loop
as sho_wn in  Fig.9, 'the output of the vibratory
displacement detectbr 13 is negatlvely fed-back to the
self-excited oscillation controller 15 through the
electric line é. Thus, the general phase difference is
equal to 180 degrees. Accorclingly,. the system can be
self-excitedly oscillated.

There has been described the construction of the
self-excited vibratory apparatus of the electro-magnet
type according to the f1rst 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 ampllfier 16 through an electric switch. By closing
the electric _ switch, the vibratory machine is
self—excit:edljr 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
with respect to the time axis. The relationship between
the current and attraeting force is squarely non-linear.
When the current is very small, the differentiate
coefficient is nearl;( equal to zero at the original point
_ 0 1n the Prior Art. However as shown in Fig.ll, when the
current changes, - accbrding to this embodunent the
d1fferent1at10n coefficient is equal to a certain value,
since the relationship between- the current and the
attractlng force or the input/output conversion gain has
the same sign (+). Accord:.ngly, the system starts to
rapidly .self—excitedly oscillate and the -vibratory

/8
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machine 12 can.self—eXCitedly vibrate.

Acc':olrding '.to_  this _embodiment. 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 viﬁratory 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 excitet 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-excited oscillation controller 15.

Thus, in the elosed loop system as shown in Fig.9, the
output of the v1bratory d1splacement detector 13 ‘can be
negat:.vely fed-back to the output line of the v1bratory.
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
correspen'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- s_hown 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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force is genereted when a small current flows through the

electro-n{agnetic coil 19 within the region B in the
square characteristlc as shown in Fig 15. Accordingly,
the average input/output convers:.on gain is not equal to
zero within the B region.

The vibratory machine 12 can start easily to
selt—exc’:itedif oscillate. And it .can stably oscillate.
Thus, the' stationary part Bo .'from the permanent magnet
18a is added to the changing part B from the magnetic
flux due to the small cnrrent 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 thrcugh the 'electro;-magnetic coil 19, they
fluctuate in the positive region and so the average value
of the input/outp'ut: gain is not 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 oscillaticn controller
15' according to- a third em_bcdilnent' of this invention.
1t includes the al'ternative current amplifier 21 and a
saturation limiter 22. An output. of the saturation
limiter 22 is supplied to an adder 25. A constent DC is
supplied as a constant current 1nstruct10n to the adder
25. The DC is flowed through the electro-magnetic coil
19. The different i'ete coefficient ‘ {input-output

conversion gain) of the attractive force is _withinu the
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region B in the current-attractive force characteristics
shown in Fig.15.. Accordingly, an self-excited.cscillaticn
can be surely and' stably' started, although the
electro-magnetic excitation system has the. non-linear
(square) characteristics. | |
Fig.lﬁ shdns a self-excited type vibratory apparatus
21 according to a fourth enbodiment of tnis'invention. In
Fig.16, a vibratory machine' 31' represents a vibratory
parts-feeder. -However, it maf be another vibratory
machine. A vibratory exciter 37 imparting exciting force
is 'not cf the electro-magnetic tfpe exciter, but is of
the piezo electric type or the ‘moving «coil type.
Acccrdingly, between an output of a power amplifier' 36
and an -output_. of the vibratory exciter 37 there is no
phase difference. A uibraticnal' 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 differentiator'or it consists of a vibratory
acceleration detector and an integrator. The output of
the vibratory yelocity detector 32 is integrated in the
amplitude detector 33. Thus, the damplitude is detected
and it is supplied' to an amplitude controller 34. It
includes a comparator,' and a predetermined amplitude
value ._isl set in the amplitude contrcller 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
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amplifier; ‘The DC component of the input is cut and the
alter_nati.ve current coinpo'n’ent is amplified. The feedback
gain K is so --__deeigned as to be controlled by the output
of the .a.mplitu.de controller 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 feedback gain equatlon, K = K, ATt + K;A1® '+
Kcr, where K, . K_, 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 arrangement of this.
embodiment. Nex't; 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 tnachine 31, the not-shown DC power switch
is closed to put the ‘power-.amplifier 36 into the
cperative condition. At the same time, the self-excitedly
oscillation ccntroller 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
ampiitude difference i A r is maximum. In other words, the
1n1t1a1 value of the amplltude dlfference AT 1s equal to
(the predetermlned amplitude -~ 0). In the Prior Art, the
amplitude difference AT is ' DC-amplified or
PID-amp11f1ed. The feedb'ack | gain Ko _of' the power
ampleler is llnearly increased 1n the relatlonshlp of K.
‘= Kp A r as shown in Fig.5. Accordingly, ~the feedback

gain K, is maximum at the control start. Thus, the rise
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_up character1st1c of the self-ex01tedly oscillation rises
up. The rlpple components superlmposed on the output of
the amplltude detector 33 are also amplified and so the
feedback gain K, cannot be_ maintained within the
stability of limit. .The gain wvaries much. Accordingly,
the output of the oower amplifi_er 16 varies much.

On the other hand, according 'to this invention, the
_feedback .' gain K is reptesented bf the non-linear
equ'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 gaio K deciding the behavior of the vibratory
pax:ts—feeder can be smaller near the stability. limit.
Thos, 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 ehanges' much in 900 msec to 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 showxi 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 'to a
fifth embodiment of this invention. It is generally
denoted Iby a reference .n_umeral 21A. The vibratorﬁr machine
22 is a vibratory pa'rts—feeder. Its vibrational equation

is represented by (mdx?/dt? + cdx/dt + kx = K dx/dt). The
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(dx*® /dt?) "cah_ be obtained by multiplying 1l/m by
(mdx? /dt? ), ﬁq_h‘e’re m represente the mass of the movable
parts, in thefabdve equation. By multiplying 1/s, where s
represents Lapplus transfer element, (dx/dt) or velocity
can be obtaiged, A dumpiné or viscous coefficient is
multiplied by (dx/dt). It is negatively fed-back to such
a vibrational_'system} Further by multiplying (1/s). a
vibrational displacement x can be obtained. "kx", where k
represents a epring constant, functions as the negative
feedback. A veloCity (dx/dt) is detected by a vibrational
speed detecter 41 in the 'vibratory system. An
acceleration may' be detected instead of the vibrational:
speed. At this case, the.value 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 ~integrated in an
emplitude detecting circuit 42 and it is suppiied to an
amplitude controller 43. A eelf-excited-. oscillation
controller 24  is so. constructed es in the. Prior Art. 1t
includes en 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 eccording to this invention. In this
embodimeﬁt, a-power amplifier 47 has.a'gain factor Kv. A
change-over switch S is connected to an output terminal
of the stop aﬁparatus 46 or a self-excited oscillation
controller .24. Accor@ing to thie' embodiment, a movable
cbntact of the .ch-ange-over switc’h- S is connected through
a power -amplifier 25 to a vibration exciter 26. It _ie

conhected " to . an electric magnetic coil of the
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electro'-—mégnet in th’e.exci'ter 26.

An amplitude controller 43 includes a comparator. A
predetermined '-émplitude is set at one inpﬁt terminal of
the comparator, and ‘the output terminal of the amplitude
detectifig 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 vibrational speed detector 41 is_ positively’ fed-—béck
through an electrié wire 45 tb the' sel f-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. 'I_'he 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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of the vibratolry 'speéd_ detector 41 and the input terminal
of the controller 24. Thus, thé_ sélf'—'excited.oscillation
can be sltably',eff_ected. The .amplitude of the vibratory
inachine 22 ié '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 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 predetefmined 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
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shown manner. It requires about one or two seconds 'that
the movable part of the vibratory machine 22 stops. In
this case, the dumping factor is egual t'o 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 vibratorir' 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 Qecillation circuit 24'. Further, it is
negai:ively fed-back to the 'stop ‘apparatus 57. However,
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in this embodiment, it is supplied to a Kos amplifying
apparatus 58 having a functi_on of multiplication, gain K, x
first order lag element s. The self-excited oscillation
.controller 24" ind].udes 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 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 osc1llatio_n controller 24'. The output of
" the vibration displacement 'deteCto,r 51 is negatively
fed-back to tne 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
phase is advanced by 90 degrees and amplified by the
gain K,. Then, it is supplled to the v1bratory exciter
26_' . In the same manner as the case that the vibratory
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




fifth emb_odimen{:'..

Fig.24 is a vibratory system according to a seventh
embodiment of*'_th"is invention. It is generally represénted
by- a referen_c'e. ‘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 displacemenf. . deteCtor’ 51 is negatively
fed-back to the. self-excited oscillation controller 24°'.
Further, the output of the vibrational displacement
detector 51 is negatively .féd-—back to a si:op_ 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. The  vibratory 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
_viﬁratory machine 25 starts. éelf-excitedly to oscillate
in the same manner as in the aboVe embodiment. To. stbp
the vibratbrﬁ machine 22, the 'chénge-over switch S is
changed over 'af the side éf_l the s{:op aﬁparatus 60.
Accordingly, the output of  the amplitude detector 51 is
negativeiy -féd—b_éck _to_ the c'onfroiler 24. The output_' is

twice differentiated and the p;hase is advanced by 90

degrees. As in the fifth embodiment, the velocity signal
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is adV_a_nc_ed. by 90 degrees. Then, it is supp.lied to the
vibratory exciter 61. Thus, the phase difference of 180
degrees lcan be obtained 'in' the closed 1loop. The
vibratory machine 22 receives a forde 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 tc_)_lFig.27 show la_n eighth embodiment of this
inventioxi.' In this 'eﬁbodi_ment, a minor 1loop circuit is
added to the circuit 6f 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 detec,tor'89 having é gain Ki. I.t is amplified by
durrent htinor feédback gain controller 90 of gain K,.
It is negati{rely fed-back to a comparator 83. On the
other hand, as above described, the vibrational speed
signal is ne_gatively 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 é

gain K,. The output is supplied to the electro-magnet 81.

With the minor loop circuit, the electro-magnet 81 is put

into the over-magnetizing condition. as shown in Fig.26.
When the s_top instruction is supplied,. the voltage is
steeply rised ahd it c’:hange_s with time las shown in
Fig.27. it ‘can more rapidly rise in comparisén with the
case that the minor loop circuit is not used.
Accordingly, the vibratory machine 42 can be more rapidly

stopped. .F'ig-.2_6 shows the case that the current minor
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_.feedbaCk' control is not effected. A voltage e is
step-wisely su_pplied as the instruction signal. The
current i grédually .inc_reas_es with time. At this case,
the stop can 'bel retarded. |

Fig.2.8 s_hoW's a vibrato_ry apparatus according to e
ninth embodi.ment_ of this invehtion. It is generally
represented by a r_eference numeral 41D. It is of the
fdrced-vib‘rat_ios type. _A stop apparatus 110 includes a
comparator 112 ._and a gain amplifier 111. The velocity
(dx/dt) _of the vibrate'rfr 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
describ’ed. embodiment, the e_leetro—magnet makes the phase
.1a§ by .90 deg_rees.' When the vibratory machine 42 is
vibrated _near;ly' at the resonant point, a force opposite
to the vibratienal' speed can be applied to the movable
part. Thus, t_:he braking fo.rce '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 e.lement: ';nay be added in the stop apparatus 110.

While the' '-prefer.:r'ed embodimehts have been described,
variations thereto will occur to those skilled in the art
withn the scope of the present 1nvent1ve concepts which
are del:._neated by the _follow1ng claims.

For exatn_pié, in the first embodiment, the. vibratory
machine 12 is :'the vibratory parts4-feeder. However, instead
all kinds of vibratory machines having en electro-magnetic

vibrational mechanism can be applled to the first
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embodiment of this invention. |

Further ini. the above 'first embodiment, lthe Vibratofir
detector 13 is of the eddy current type and it is
- adjacent or attached tﬁo' the 1leaf spring 10. Iristead, 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
dispiacemer_x_t "may be detected and an output of the
vibrational displacement is negatively fed-back to the
self—exci ted 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 'b_e 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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of the vibratory apparatus of the self-excited oscillation

type or the enforced vib’ratibn tyée, Further, the
vibratory exciter may be '.of the moving coil type or piezo
electric type. Generally, in the Qibratory apparatus
which generate's a vibrational < force by an electric
energy, any v1brat10nal Speed detectin'g means may be
arrangetl adJacent to or attached to the movable part of
the v1hratory apparatus, an output of the vibrational
speed detector is directly or a;nplified and negatively
fed-back to the vibrational force generating mechanish.
‘When an acceleration may be detected in this case, the
output is once differentiated. Thus, a force opposite to:
the vibratibnal directien of the moving part isl applied
to the inovirig part. 'Thus, the moving part can be rapidly

stopped.
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(a) vibratory speed detecting means for detecting a

1. In a vibratory apparatus including:

vibratory speed -of a vibrétory machine;

{B) a self—.ex_.cit_ed oscil'lation controller for amplifying
the output of '- said vibrétory speed déteéting 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-excited oscillation controller; and

(D) a vibratory _exciter receiving the output of sa_id
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power amplifier for vibrating éaid vibratory machine, the
improvements in which. séid feed bac'k gain K is changed in
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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at a feed-back gain .K. recéiving thé output of said
.vibratbry displacement' detecting means as a negative
feed-back signal; |
(C) a power amplifier for power—émplifying the output of.
said self-excited 6scillation controiler; 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 deteéting
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 negati#é
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 .gain K, receiving the output of said
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vibratory displacement detecting means as a negative
. feed~back signal; ‘ |

(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 and ‘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 oscillé_tion
.controll-er includes a satufa_tion element and | the
satﬁration 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
controller hés 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 ampllfler for power-ampllfy1ng the output of
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said self-excited oscilllatlion controller; and .
(D) a v-ibrato'r'_y exciter receiving the output of said

power amplifiér for vibrating said vibratory niachine;

'(E) a closed loop being formed by said vibratory machine,

said vibratory speed detecting means, said self-excited
oscillation conEroller, said powef_ _amplifier and said
vibratory exciter, the i_mprov_eménts Iin' 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 displ'acemént of a vibratory machine;

(B) a Self—excited oscillation"contr.oller_ for amplifying

the output of said vibratory displacement detecting means

"at a first feed-back gain, receiving the output of .sa_id

vibratory displacement detecting means as a negative

-feed-back signal and for co’ntrdllihg phase 1lag 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 vibratory machine,

said vibratory  displacement detecting means, | said

self-excited oscillation controller, said power amplifier

‘and said vibratory éxciter, the _imprbvements in which

said closed loop is opened, when said 'vibratory machine

is  stopped, and the output of said vibratory
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displacement | detecting means is differentiated and .
amplilfied_ as a negative _feed—bac.k signal at a second
feed-back gair;, a'ndlsupplied to said vibratory exciter.

11. In a vibratory appofatus including:

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

{(B) a sel.frexoited_ oscillation oontroller for amplifying
the output of said vibratory diéplaoement 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 séid vibratory m_achine;

(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-'advanoéd 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 épparaﬁus accordingl to claim 9 or 10, 1n
which said negative éignal is supplied through a
phase-ad\}ancer _to said wvibratory exci'ter for compénsai_:ing

the phase lag of said vibratory exciter. B L
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(A) a vibratory excit.e'r receiving an electric power from
an AC power source; -

(B) a’ v_ibr_‘ator’y‘ machine of the enférced vibration type,
réceiving a \}ibrational force ffom said vibratory
exciter; and’

(C.) a vibratory speed detecting means for detecting the
vibrational spéed of 'said vibratory machine, the
improvement il'i_":-which said vibratory exciter' is cut off
from said AC power. 'source, and the output of said
vibratofy spee'd. detecting means is amplifiéd and supplied

to said vibratory exciter as a negative feed-back signal

when said vibratory mac_:hine is stopped.

14. Ih a vibratory apparatus including:

(A) a -vibrators'( exciter receiving an electric powér from
an AC power source; |

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

(C) a vibratory dis_placenient deteci:ing means for
detecting the vibrational - displacement of said
vibratory maéhine . the imbrovement in which sa.id
vibratory exc'.'iter is cut off from said AC power source,
and the output of éai'd, vibratory displacement detecting

means is _amplified as a negative feed-back signal and,

- phase-controlled for phase lag by an integrating or

first-order 1ag element and supplied to said vibratory

'exciter.

15.' A v1bratory apparatus accordlng to anyone of claims 9
to 14 in whlch means for detecting magnetic flux from

said vibratory exciter is provided and the output of




said means is aﬁplified and negatively fed-back to said
power amplifier.
16. In a yibratory apparatus including an exciting
mechanism for' impartihg to said vibratory apparatus an
electric -power_ from an electric pbwer source, the
improvement iﬁ.'which vihratory .épeed detecting means is
arranged. adjaéent 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 . méchanism or amplified to said vibratory

. mechanism as a negative feed-back signal.
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