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’ ELLIPTICAL VIBRATORY APPARATUS
' BACKGROUND OF THIS INVENTION

Field of the invention:

This invention relates to an elliptical vibratory
apparatus which is used, for example, for handling parts

such as bolts, nuts, transistors.
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In Fig.l, an elliptical vibration parts-feeder is
generally denoted by a reference numeral 1 and it is
provided with a well-known bowl 2. A spiral track is
formed in the wall of thé bowl 2. A wiper as one of
parts-orientating means is arranged at a suitable
position of the down-stream side of the spiral track. The
detail of the wiper is well-known and the drawing of. the
detail will be omitted. A flat plate is bent to form the
wiper. The distance between the lower end of the flat
plate and the track is larger than the thickness of a
part to be handled in the bowl 2. But, it is smaller
than the double of 1it. A posture-~-holding means is
arranged at a discharge end portion of the spiral track.
The parts of a predetérmined posture are supplied through
the posture holding means __ into a not-shown linear
vibratory feeder as a next step.

The bowl 2 is fixed on an upper movable frame 7 as
shown in Fig.2. A similarly cross-shaped lower movable
frame 8 as clearly shown in Fig.3 is combined with four

sets of vertical leaf springs 9 with the upper movable
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ffame 7. Upper ends of the leaf spring 9 are fixed to the
end portions 7a of the upper movable frame 7. The lower
ends of leaf springs 9 are fixed to the end portions 8a
of the lower movable frame 8. The end portions 7a and 8a
are in alignment with each other in the vertical
direction. |

A vertical drive electro-magnet 11 is fixed at the
central part of a stationary frame 10, facing to a
central portion of the upper movable frame 7. A vertical
movable core 13 is fixed to the lower side of the upper
movable frame 7, facing to the vertical dfive
electro-magnet 11. A pair of horizonfal drive
electro-magnets 14a and 14b are fizxed to side wall
portions of the stationary frame 10 at both sides of the
vertical drive electro-magnet 11. Electro-magnetic coils
15a and 15b are wound on the electro-magnet 1l4a and 14b.
Horizontal movable cores 1l6a and 16b are fixed to the
lower side of the upper movable frame 7, €facing to the
horizontal drive electro-magnets 14a and 14b,
respectively.

Four leg portions 17 are formed integrally with the
stationary frame 10. The stationary frame 10 is supported
through the leg portions 17 and vibration-absorbing
rubbers 18 om the flour. Spring fixing portions 17a
- are formed integrally with the leg portions 17 as shown
in Fig.3. Leaf springs 19 are fixed to the spring fixing
portions 17a as shown in the manner in Fig.3. Both ends of
the leaf springs 19 for the vertical drive are fixed to
the spring fixing portions 17a by boits B. The leaf

springs 19 consist of two leaf spring elements which are
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superimposed through spacers 20 on each other. The
central parts of the leaf springs 19 are fixed to the
lower movable frame 8 by bolts.B' .

In the above described arrangement, the horizontal
drive electro-magnets 14a, 14b correspond to a first
vibratory exciter for generating a horizontall exciting
force. A first' vibratory system to be driven by the
horizontal electro-magnets 1l4a, 14b consists of the bowl
2, the leaf springs 9, the movable cores 16a and 16b,
etc.. The electro-magnet 11 correspond to a second
vibratory exciter for generating a vertical exciting
force. It consists of the bowl 2, the leaf springs
19, movable core 13, etc..

Generally, drive currents of the same frequency as
the resonant frequency of the first (horizontal)
vibratory system or nearly to the said resonant frequency
are supplied to the electro-magnets 14a, 14b and 11.
Thus, the bowl 2 is wvibrated at the resonant £frequency
or nearly at the frequency £, in the horizontal
direction. The resonant frequency £, of the second
(vertical) vibratory system in the vertical direction is
usually higher by a few percentages than the horizontal
resonant frequency f£f,. As shown in Fig.4, the phase
di‘_fference between the force and vibrational displacement
is equal to 90 degrees in the horizontai direction. That
is clear from the vibration technology. The bowl 2 is
vibrated at a different phase difference in the vertical
direction. Thus, the bowl 2 is elliptically vibrated by
the phase differences. The optimum phase difference

between the vibrational displacement in the vertical and
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horizontal directions is theoretically equal to 60
degrees. In that case, the parts to be handled can be
transported at the maximum transport speed on the track
of the bowl 2. Accordingly, the phase difference is set
to 90 degrees between the horizontal and vertical
exciting forces. Iﬁ other words, as clearly from Fig.4,
the resonant frequency in the vertical direction is equal
to £, and so the vertical vibration occurs behind the
vertical vibration force by the phase of 150 degrees.

As clear from the vibration technology, when a
vibratory system 1is driven at the resonant frequency,
a little change of the load of the parts in the bowl 2
and a little fluctuation of the power source cause to
change the resonant frequency of the vibratory system.
Accordingly, even when the bowl 1is vibrated at the
horizontal resonant frequency £, and at the phase
difference 90 degrees between the force and the
displacement under no-load, the phase difference is
varied with the fluctuation of the power source and the
load of the parts. Accordingly, although the phase
difference in the vertical direction changes 1little, it
varies much in the horizontal direction. As the résult,
the phase difference betweeh the vertical and horizontal
vibrational displacements does not become equal to 60
degrees. Thus, the optimum vibrational condition cannot

be obtained for the bowl 2,
This Sheet Has Been Replaced

(L

Accordingly, it is an object of this invention to

o

SUMMARY OF THE INVENTION ’uﬂl




THIS SHEET HAS BEEN
REPLACED

provide an elliptical vibratory apparatus which can
maintain securely the optimum phase difference between
the horizontal and vertical directions even when the
power source fluctuates and the load of the parts varies
with time.

In accordance with an aspect of this invention, an
elliptical vibratory apparatus comprising :
(A) a first controller which includes at least a first
phase shifter, a first high-gain amplifier and a first
saturating element ;
{B) a first power amplifier for amplifying an output of
said first controller ; |
(C) a first wvibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;
(D) a first vibrational system of an elliptical vibratory
machine, receiving said first vibrational force;
(E) first wvibrational displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said first direction;
(F) a second controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;
(G) a second power amplifier for amplifying an output of
said second controller ;
(H) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrational force in a second direction; |
(I) a second vibrational system of said elliptical

vibratory machine, receiving said second vibrational
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force;
(J) second vibrational displacement detecting means for
detecting another vibrational displacement of said
movabie part of said elliptical vibratory machine in said
second direction;
(K) a closed loop being formed by said first controller
said first power amplifier said first vibratory exciter
said Ffirst vibrational system said first vibrational
displacement detecting means said second controller said
second power amplifier said second vibratory exciter said
second vibrational system and said second vibrational
displacement detecting means the output of said second
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop ;
wherein shift angles of said €first and second phase
shifters are so predetermined that there is a phase
difference of 180 degrees between the output terminal - of
said second vibrational displacement detecting means and
the input terminal of said first controller, when these
terminals are cut off  from each other, and a
predetermined phase difference can be obtained between
said vibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first vibratory system
being self-excitedly vibrated at its resonant £frequency
and said second vibratory system being' self-excitedly
vibrated.

In accordance with another aspect of this invention,
an elliptical vibratory apparatus comprising :

(A) a first controller which includes at least a first
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phase shifter, a first high-gain amplifier and a first

saturating element ;

(B) a first power amplifier for amplifying an output of
said first controller ;

(C) a first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;

(D) a first vibrational system of an elliptical vibratory
machine, receiving said first vibrational force;

(E) vibrational displacement detecting means for
detecting a vibrational displacément of a movable part of
said elliptical vibratory machine in said first direction;
(F) a second controller which includes at 1least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;

(G) a second power amplifier for amplifying an output of
said second controller ;

(H) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrational force in a second direction;

(1) a second vibrational system of said elliptical
vibratory machine, receiving said second vibrational
force;

(J) a closed loop being formed by said first controller
said first power amplifier said first vibratory exciter
said first vibrational system and said vibrational
displacement detecting means the output of said
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop ;

wherein shift -angles of said first and second phase

7 " This Sheet Has Been Replaced

AR




THIS SHEET HAS BEEN
REPLACED

shifters are so predetermined that there 1is a phase
difference of 180 degrees between the output terminal of
said wvibrational displacement detecting means and the
input terminal of said first controller, when these
terminals are cut off from each other, and a
predetermined phase difference can be obtained between
said vibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first vibratory
system being self-excitedly vibrated at its resonant
frequency and said second vibratory system being
self-excitedly vibrated.

In accordance with a further aspect of this
invention, an elliptical vibratory apparatus comprising ;
(A) a variable frequency power source ;

(B) a first wvibratory exciter for generating a first
vibrational force in the first direction, receiving an
output of said variable frequency power source ;

(C) a €first vibratory system of an elliptical vibratory
machine, receiving said £first vibrational force in said
first direction ;

(D) vibrational displacement detecting means for
detecting vibrational displacement of a movable part of
said elliptical vibratory apparatus in said first
direction ;

(E) a phase shifter for receiving an output of said
vibrational displacement detecting means ;

(F) a power amplifier receiving an output of said phase
shifter ;

(G) a second vibratory exciter receiving an output of
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said power amplifier for generating a second vibrational
force in the second direction to a perpendicular to said
first direction ;

(H) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said lthe second
vibratory exciter, !wherein said first vibratory system
is driven at its resonant frequency with adjustment of
said variable frequency power source and the phase angle
of said phase shifter is so controlled that the movable
part of said elliptical vibratory machine can be
vibrated at the optimum vibrational condition ;

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising :
(A) a first controller including at least a €£first phase
shifter a first high gain amplifier and a first
saturation element ;

(B) a. first power amplifier for power-amplifying an
output of said first controller ;

(C) a first vibratory exciter receiving an output of said
first power amplifier for generating a first vibrational
force in a first direction ;

(D) a first vibratory system of an elliptical vibratory
machine receiving said £first vibrational force in the
first direction from said first vibratory exciter ;

(E) a first vibratory displacement detecting means 2 for
detecting the vibrational displacement of a movable part
of said elliptical wvibratory machine in said Ffirst
direction ;

(F) a second controller including at least a second phase
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shifter, a second high gain amplifier and a second

saturation element ;

(G) a comparator, the output of said second controller
being supplied to one input terminal of said comparator;

(H) a second power amplifier for power amplifying an
output of said comparator ;

(I) a second vibratory exciter receiving an output of
said second powér amplifier for generating a second
vibrationaly force in a second direction perpendicular to
said first direction ;

(K) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M)' a phase compensator receiving an output of said
amplifier for compensating the phase lag of said second
vibratory exciter;

(N) ‘a first closed loop consists being formed by said a
second power amplifier, said second vibratory exciter,
said second vibratory system, said second vibratory
displacement detecting means, said amplifier, said phase
compensator and said comparator to which the output of
said second vibratory displacement detecting means is
fed-back:;

(0) a second closed loop being formed by said first
controller, said first power amplifier, said first

vibratory exciter, said first vibratory system, said
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first vibratory displacement detecting means, wherein
shift angles of saod forst and second phase shifters are
so predetermined that there is a phase diffrence of 180
degrees betweem the output terminal of said éecond
vibrational displacement detecting means and the input
terminal of said first controller, when these terminals
are cut off from each other, and a predetermined phase
difference can be obtained between said vibrational
displacements of the first and secand vibratory systems
for the optimum condition of said elliptical. vibratory
machine, said first and second vibratory systems being
self-excitedly vibrated at its resonant frequency.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller including at least a £first phase
shifter a first high gain amplifier and a first
saturation element;
{B) a first power amplifier for power-amplifying an
output of said first controller;
(C) a £first wvibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;
(D) a first vibratory system of an elliptical wvibratory
machine receiving said first wvibrational force in the
first direction from said first vibratory exciter;
(E) a first vibratory displacement detecting means for
detecting the vibrational displacement of a movable part
of said elliptical vibratory machine . in said first
direction;

(F) a secohd controller including at least a second phase
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saturation element;

(G) a comparator, the output of said second controller
being supplied to one input terminal of said comparator;

(H) a second power amplifier for power-mplifying an
output of said comparator;

(I) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular
to said first direction;

(K) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M) a phase compensator receiving an output of said
amplifier for compensating the phase lag of said second
. vibratory exciter;

(N) a first closed loop being formed by said second power
amplifier, said second vibratory exciter, said second
vibratory system, said second vibratory <displacement
detecting means, said amplifier, said phase compensator
and said comparator to which the output of said second
vibratory displacement detecting means is fed-back;

{0) a second closed 1loop being formed by said first

cdntroller, said first power amplifier, said first

vibratory exciter, said first vibratory system, said

first wvibratory displacement detecting means, said
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second controller, said comparator, said second power
amplifier, said second vibratory exciter and said second
vibratory displacement detecting means, the output of
said second vibratory displacement detecting means being
fed-back negatively to said first controller, wherein
shift angles of said first and second phase shifters are
so0 predetermined that there is a phase'difference of 180
degrees between the output terminal of said second
vibrational displacement detecting means and the input
terminal of said first controller, when these terminals
are cut off from each other, and a predetermined phasé
difference can be obtained between said@ vibrational
displacements of the first and second vibratory systems
for the optimum condition of said elliptical wvibratory
machine, said first and second vibratory systems being
self~excitedly vibrated at its resonant frequency.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a variable frequency power source;
(B) a first - vibratory exciter for generating a first
vibrational force in the first direction, receiving an
output of said variable frequency power source;
(C) a first wvibratory system of an elliptical vibratory
machine, receiving said first vibrational force in said
first direction;
(D) first wvibrational displacement detecting means for

detecting vibrational displacement of a movable part of

said elliptical vibratory apparatus in said first

direction;

(E) a phase shifter for receiving an output of said
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- i llll



THIS SHEET HAS BEEN
REPLACED

first vibrational displacement detecting means;

(F) a comparator to which an output of said shifter is
supplied at one input terminal;

(G) a power amplifier receiving an output of said
comparator;

(H) a second vibratory exciter receiving an loutput of
said power amplifier for generating a second vibrational
force in the second direction to a perpendicular to said
first direction;

(1) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said second vibratory
exciter;

(J) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

{(K) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detécting means;

(L) a phase compensator receiving an output of said
amplifier for compensating the phase lag of said second
vibratory exciter;

(M) a closed loop being formed by said power amplifier,
said second vibratory exciter, said second vibratory
system, said second vibratory displacement detecting
means, said amplifier, said phase compensator and said
comparator to which the output of said second vibratory

displacement detecting means is negatively fed-back;
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wherein said first and second vibratory systems are
driven at the resonant frequency with adjustment of said
variable frequency power source and the phase angle of
said phase shifter is so controlled that the movable
part of said elliptical vibratory machine can be
vibrated at the optimum vibrational condition ;

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller including at least a first phase
shifter a first high gain amplifier and a first
saturation element ;
{(B) a first powef amplifier for power-amplifying an
outéut of said first controller ;
(C) a first vibratory exciter receiving an output of said
first power amplifier for generating a first wvibrational
force in a first direction ;
(D) a first vibratory system of an elliptical wvibratory
machine receiving said first vibrational force in the
first direction from said first vibratory exciter;
(E) a first vibratory displacement detecting means for
aetecting the vibrational displacement of a movable part
of said elliptical wvibratory machine in said first
direction;
(F) a second controller including at least a second phase
shifter, a second high gain amplifier and a&a second
saturation element;
(G) a prefilter receiving an output of said second
controller;
(H) a second power amplifier for power-amplifying an

output of said prefilter;
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(I) a second vibratory exciter receiving an output of
said second power amplifier £for generating a second
vibrationaly force in a second direction perpendicular to
said first direction;

(J) a second vibratory system of said ellptical vibratory
machine receiving said second vibrational force in the
second vibrational force in the decond direction from
said second vibratory exciter.

(K) a second vibratory displacement detecting means for
second direction from said second vibratory exciter
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory exciter,
said first vibratory system, said first vibratory
displacement detecting means, said second controller,said
prefilter, said second power amplifier, said second
vibratory exciter and said second vibratory displacement
detecting means, the output of said second vibratory
displasement detecting means being fed-back negatively to
said first controller,wherein said prefilter consists of
- a notch filter for cutting the resonant frequency
component and a band-pass filter for amplifying the
frequency component higher by a few percentages than
said resonant frequency, and shift angles of said first
and second phase shifters are so predetermined that there
is a phase difference of- 180 degrees between the output
terminal of said second vibrational displacemént

detecting means and the input terminal of said first
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controller, when these terminals are cut off from each
other, and a predetermined phase difference can be
obtained between said vibrational displacements of the
first and second vibratory systems for the optimum
condition of said_ elliptical vibratory machine, said
first and second vibratory systems being self-excitedly
vibrated at the resonantlfrequency.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller including at least a first phase
shifter a first high gain amplifier and a first
saturation element;
(B) a first power amplifier for power-amplifying an
output of said first controller;
(C) a €£first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;
(D) a first vibratory system of an elliptical vibratory
machine receiving said first vibrational force in the
first direction from said first vibratory exciter;
(E) a vibratory displacement detecting means for
detecting the vibrational displacement of a movable part
of said elliptical vibratory machine in said Efirst
direction;
(F) a second controller including at 1least a second
phase shifter, a second high gain amplifier and a second
saturation element;
(G) a prefilter receiving an output of said second
controller;

(H) a second power amplifier for power-amplifying an
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output of said prefilter: _

(I) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular
- to said first direction;

(J) a second vibratory system of said ellptical vibratory
machine receiving said second vibrational force in the
second direction form said second vibratory exciter.

(L) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory
exciter, said first wvibratory system, said vibratory
displacement detecting means, the output of said second
vibratory displacement détecting means being fed-back
negatively to said first controller,wherein said
prefilter consists of a notch filter for cutting the
resonant frequency compornent and a band-pass filter for
amplifying the frequency component higher by a few
percentages than said resonant frequency, and shift
angles of said first and second phase shifters are so
predetermined that there is a phase difference of 180
degrees between the output terminal _of said vibrational
displacement detecting means and the input terminal of
said first controller, ‘when these terminals are cut off
from each other, and a predetermined phase difference can
be obtained between said vibrational displacements of the
first and second vibratory systems for the optimum
condition of said elliptical vibratory machine, said
first and second vibratory systems being self-excitedly
vibrated at the resonant frequency.

In accordance with a still further aspect of this
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invention, an elliptical vibratory apparatus comprising:

(A) a variable frequency power source;

(B) a first vibratory exciter for . generating a
firstvibrational force in the first direction, receiving
an output of said variable frequency power source;

(C) a first vibratory system of an elliptical vibratory
machine, receiving said first vibrational force in said
first direction;

(D) vibrational displacement detecting means for

detecting vibrational displacement of a movable part of

said elliptical vibratory apparatus in said first
direction;
(E) a phase shifter for receiving an output of said

first vibrational displacement detecting means;

(F) a prefilter

(G) a power amplifier receiving an output of said
prefilter;

(H) a second vibratory exciter receiving an .output of
said power amplifier for generating a second 'vibratiohal
force in the second direction to a perpendicular to said
first direction;

(I) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said second vibratory

exciter;

wherein said first and second vibratory systems are
driven at the resonant frequency with adjustment of said
variable frequency power source and the phase angle of

said phase shifter is so controlled that the movable
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part of said elliptical vibratory machine can be
vibrated at the optimum vibrational condition;

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising;
(A) a controller receiving vibration instruction;
(B) a comparator which is connected to said controller at
its one input terminal;
(C) a power amplifier connected to an output terminal of
said comparator;
(D) a vibratory exciter;
(E) a mechanical vibrational system receiving the
vibrational force of said vibratory exciter;
(F). a vibration detecting means arranged adjacent to or
attached to said mechanical vibrational system;
(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving the output of
said vibration detecting means;
({H) a phase compensator receiving the output of said
amplifier and compensating the phase lag of said
vibratory exciter;
(1) a first closed loop being formed by said comparator,
said power amplifier, said wvibratory exciter, said
mechanical wvibrational system, said vibration detecting
means, said amplifier and said phase compensator in which
the output of said vibration detecting means is
negatively fed-back to another input terminal of said
comparator;
(J) a second closed loop being formed by said vibration
detecting means, said controller,said comparator, said

amplifier, said vibratory exciter and said mechanical
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vibration system, in which the output of said vibration
detecting means are negatively fed-back to said
controller, wherein a self-excited vibration is obtained
and an electrical or imaginary resonant frequency of the
mechanical vibration system is rised by a frequency
corresponding to said imaginary spring constant by the
gain of said amplifier.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:;
(A) a controller receiving vibration instruction;
(B) a comparator which is connected to said controller at
its one input terminal;
(C) a power amplifier connected to an output terminal of
said comparator;
(D) a vibratory exciter;
(E) a mechanical vibrational system receiving the
vibrational force of said vibratory exciter;
(F) a vibration détecting means arranged adjacent to or
attached to said mechanical vibrational system;
(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving the output of
said vibration detecting means;
(H) a phase compensator receiving the output of said
amplifier and compensating the phase lag of said
~vibratory exciter;
(I) a closed locop being formed by said comparator, said
power amplifier, said vibratory exciter, said mechanical
vibrational system, said vibration detecting means, said
amplifier and said phase compensator in which the output

of said vibration detecting means is negatively fed-back

\
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to another input terminal of said comparator;

wherein a power source is connected to said controller
to vibrate enforcedly said @ mechanical vibration system
and an electrical or imaginary resonant frequency of the
mechanical vibration system 1is rised by a frequency
corresponding to said imaginary spring constant by the
gain of said amplifier;

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising;
(A) a first controller;
(B) a first power amplifier;
(C) a first vibratory exciter;
(D) a first mechanical vibration system:;
(E) a first vibration detecting means arranged adjacent
to or, attached to said first mechanical vibration system,
(F) a second controller receiving the detected output of
said first vibration detecting means,
{G) a comparator
(H) a second power amplifier;
{I) a second mechanical vibratory system;
(J) a second vibration detecting means arranged adjacent
to of, attached to said second mechanical vibration
system;
(K) a first closed 1loop been formed by said first
controller, said first power amplifier, said first
vibratory exciter, said mechanical vibratory system, said
first vibration detecting mean, said second controller,
said comparator, said second power amplifier, said
mechanical vibration system, said second vibration

detecting means in which the detected output of said
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second vibration detecting means are negatively fed-back
to said first controller, said first mechanical wvibration
system being self-excitedly vibrated and said second
mechanical wvibrational system being enforcedly vibrated;
(L) an amplifier receiving the output of said second
vibration detecting means having a gain corresponcding to
an imaginary spring constant.
(M) a phase compensator for compensating the phase lag
of said second vibratory exciter, receiving the output of
said amplifier;
(N) a second closed loop being formed by said second
vibrational detecting mean, said phase comparator and
said comparator, second power amplifier, said second
mechanical vibratory system in which the output of said
phase compensation is negatively fed-back to said
comparator, wherein the electrical (imaginary) resonant
frequency of said second mechanical vibration system is
raised by a frequency component corresponding to said
imaginary spring constant.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller connected to a first electric
power source;
(B) a first power amplifier;
(C) a first vibratory exciter;
(D) a first mechanical vibration system;
(E) a second controller connected to a second electric
power source which is shifted in phase by a predetermined'
phase angle from said first electric power source;

F) a mpar r;
(F) comparato This Sheet Has Been Rep
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(G) a second power amplifier;
(H) a second vibratory exciter;
(I) a second mechanical vibration system;

(J) a vibration detecting means arranged adjacent to
or attached to said second mechanical vibration system;

(K) an amplifier having a gain corresponding to a
imagingry spring constant;

(L) a phase compensator, receiving the output of said
amplifier and compensating a phase lag of said second
vibratory exciter;

{M) a closed loop being formed by said vibration detecting
means, said amplifier, said phase compensator and said
comparator in which the output of said phase compensator
or 1is negatively fed-back to said comparator, and the
electrical (imaginary) resonant frequency of the second
mechanical wvibration .system is raised by a frequency
corresponding to said gain of the amplifier.

In accordance with a still further aspect of this
invention, in an elliptical vibratory system, apparatus
comprising;

(A) a power amplifier receiving vibrational instruction;

(B) a vibratory exciter receiving the output of said power
amplifier and;

(C) a mechanical vibration system receiving the
vibrational force from said vibratory exciter, said
vibrational instruction is supplied through a prefilter
to said power amplifier, said prefilter consisting of a
notch filter for cutting the resonant frequency component
of said mechanical vibration system and the band-pass

filter for amplifying the frequency component higher by a
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few percentages than the actual resonant frequency of said
the mechanical vil;ration system.

The foregoing and other objects, features, and
advantages 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 cross-sectional view of a vibratory
parts-feeder of the Prior Art.

Fig.2 is a plan view, taken along the line o0- I
in Fig.1 '

Fig.3 is a bottom view of the above Prior Art.

Fig.4 is a chart for explaining the operatibn of the
Prior Art. ‘

Fig.5 is a block diagram of an elliptical vibratory
apparatus according to a first embodiment of this
invention.

Fig.6 is a block diagram of the details of the first
embodiment.

Fig.7 is a block diagram of an elliptical vibratory
apparétus according to a second of embodiment of this
embodiment.

Fig.8 is a block diagram of the detail of the second
embodiment.

Fig.9 is a block diagram of an elliptical vibratory
apparatus according to a third embodiment pf this

25
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Fig.1l0 is a block diagram of an elliptical vibratory
apparatus according to fourth embodiment of this
invention.

Fig.ll is a block diagram of the detail of the fourth
embodiment.

Fig.12 is a b.lock diagram of an important part of the
fourth embodiment.

Fig.13 is a block diagram of an elliptical vibratory
apparatus according to a fifth embodiment of this
invention.

Fig.14 is a block diagram of the detail of the fifth
embodiment.

Fig.1l5 is a block diagram of an elliptical wvibratory
apparatus according to a sixth embodiment of this
invention.

Fig.16 is block diagram of an elliptical wvibratory
apparatus according to a seventh embodiment of this
invention.

Fig.17 is a block diagram of an elliptical vibratory
apparatus according to an eighth embodiment of this
invention.

Fig.18 is a block diagram of an elliptical wvibratory
' apparatus according to a ninth embodiment of this
invention.

Fig.19 is a chart for explaining operation of the
ninth embodiments.’

Fig.20 is a block diagram of an important part of an

elliptical vibratory apparatus according to a tenth

embodiment of this invention.
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Fig.21 is a block diagram of the details of the tenth
embodiment.

Fig.22 are charts for explaining the operation of the
tenth embodiment, A and B, wave forms of the horizontal
and vertical vibration signals. C and D, wave forms
rectified from the waves shown in A and B.

Fig.23 is a éhart for explaining the operation of the

tenth embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, elliptical wvibrational apparatus according to
embodiments of this invention will be described with
reference to the drawings.

Fig.5 shows an elliptical vibratory apparatus
according to a first embodiment of this invention. It is
generally denoted by a reference numeral 31. A vibration
displacement of a horizontal vibratory system or a first
vibratory system 32 is detected by a first vibration
detector 33 and an output terminal of the first vibration
detector 33 is connected to a vertical vibratory system
37 through a vertical or second controller 34, a second
 power amplifier 35 and a second (vertical) vibration
exciter 36. A vibratory displacement in the vertical
direction is detected by a second vibration detector 38
and it is supplied to a horizontal (first) controller 39
and then through a first power amplifier 40 and
horizontal (first) wvibration exciter 41 to the horizontal
vibratory system 32. The output of the first vibration

detector 33 is supplied directly to the second cont__l;c__Jl__ler
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34, while the output of the horizontal (second) vibration
detector 38 -is negatively fed-back to the first
controller 39.

Fig.6 shows the detail of the first embodiment. Parts
which correspond to those in Fig.5, are denoted by the
same reference numerals.

The first cohtroller 39 consists of a first phase
shifter 42, a first high gain amplifier 43 and a first
limiter for adjustment of an amplitude, {saturation
element) 44. The output of the first controller 39 is
supplied to the power amplifier 40, the amplified output
is supplied to an electro-magnet 41 as the first
vibratory exciter 41. The phase difference between the
current and force is equal to an angle corresponding to a
lag element of 1/(s+a,), in the electro—maghet 41. The
first vibratory system is vibrated by the output of the
electro-magnet 41. The first vibratory system is
represented by a characteristic equation, (ms? + c;s8 +
k, = 0). Where m; represents mass of the bowl, c,
represents a viscous coefficient and k; represents a
spring constant in the horizontal direction.

The vibrational displacement in the horizontal
direction is .detected by the horizontal vibration
detector 33 and the detected output is supplied to the
second controlier 34. It consists of a second phase
shifter 45, a second high gain amplifier 46 and a second
limiter for adjustment of the amplitude (saturation
limiter 47) as in the first controller 39. The output of
the second controller 34 is supplied to the power

amplifier 35 and the amplified output is supplied to a

% This Sheet Has Been Replaced

T




THIS SHEET HAS BEEN
; REPLACYD

[

vertical electro-magnet 36 as the second vibration

exciter. It has a lag element of 1/(s+a,). The phase lag
of 90 degrees occurs in the same manner as the first
vibration exciter or horizontal electro-magnet 41. The
vertical vibratory system 37 is vibrated by the
electro-magnet 36. The vibratory displacement o©of the
vibratory system 37 is detected by the vibration detector
38 and the output is supplied to the first controller 39
as.a negative feedback signal.

According to this embodiment, one of the vibratory
systems 32 and 37 is vibrated at the resonant _frequehcy'
and another of them is vibrated at a £frequency distant
from the resonant frequency. The phase difference
between the force and the displacement is equal to 90
degrees in the resonant vibration and the prhase
difference is nearly equal to zero in the wvertical
vibration system which is vibrated at the frequency
distant from the resonant frequency. As above described,
the electro-magnets 36 and 41 as the vibration exciters
have the phase lag of 90 degrees. The advance phase ¢ 1is
equal to 60 degrees in the first phase shifter 42
according to this embodiment. The advance phase 8 is
equal to 30 degrees in the second phase shifter 45. There
is the phase difference of 120 degrees between the input
side of the first phase shifter 42-and the output side of
the horizontal vibratory system 32.

And there is the phase difference of 60 degrees between
the output side of the horizontal vibration detector 33
or the input side of the second phase shifter 45 and the

output side of the second vibratory system - 37.
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Accordingly, when the input side of the first controller
39 is cﬁt out from the output side of the wvibration
detector 38, there is the phasg difference of 180 degrees
between the sides. Thus, the vibratory systems can be
self-excitedly vibrated.

There have been described the constructions of the
elliptical vibratory apparatus of the first embodiment
of this invention. Next operations will be described.

Although not shown, a DC power source is connected
through electric switches to the power amplifiers 35 and
40. By turning on the electric switches, the power
amplifiers 35 and 40 are put into the operative
condition. In the closed loop as shown in Fig.6, the
output of the vertical vibration detector 38 is
negatively fed-back to the first controller 39. When the
input side of the first controller 39 is cut off from the
output side of the vertical displacement detector 38,
there is the phase difference of 180 degrees. Acccordingly
the vibratory systems can be self-excitedly vibrated.
Thus, the horizontal vibratory system can be vibrated at
the resonant frequency. The horizontal vibrational
displacement is detected by the vibration detector 33 and
the detecting output is supplied to the second
controller 34 and is amplified by the second amplifier
35. The amplified output is supplied into the vertical
electro-magnet 36. Accordingly, the vertical wvibratory
system 37 is self-excitedly vibrated, however the
vibration frequency is distant from the horizontal
re_sonant frequency by a few percentage. Since the
- horizontal vibratory system 32 is vibrated at the
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resonant frequency, the phase difference between the
force and the displacement is maintained at 90 degrees.
Further, the phase lag of the electro-magnet 41 is
maintained at 90 degreés. The phase difference between
the wvibrations in. the horizontal direction and vertical
direction is maintained stably at the angle of 60
degrees. Accordingly, the bowl can be elliptically
vibrated under the .optimum condition. The parts to be
handled, can bg transported along the spiral track at the
maximum transport speed in the bowl. Even when the
voltage and frequency of commercial power supply
fluctuate and the load of the parts in the bowl changes,
the horizontal vibratory system can be self-excitedly
oscillated or vibrated at the resonant freguency. The
phase difference between the force and displacement is at
the angle of 90 degrees. In the Prior Art, even when the
drive frequency of +the vibratory system is shifted a
little, the phase difference varies much from 90 degrees.
According to this embodiment, the change is 1little.
Accordingly, the optimum condition can be stably
maintained.

Although not-shown, amplitude controllers receiving
the output of the horizontal vibration displacement
detector 33 and the output of the vertical wvibration
detector 38 are connected to the limiters 44 and 47.
The not-shown amplitude controllers include comparators,
respectively. Predetermined amplitude voltages are
applied to one input terminals of the comparator, and
the outputs of the vibrational displacement detectors 33

and 38 are connected to other input terminals of the
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comparators. In accordénce with the difference, the
amplitude adjustment limiters 44 and 47 are
automatically adjusted. Accordingly, the amplitudes in
the horizontal and vertical directions can be maintained
at constants respgctively. As the result, an elliptical
vibration having constant longer axis and shorter axis
can be imparted to the bowl.

Fig.7 and Fig 8 show an elliptical vibratory
apparatus according to a second embodiment of this
invention. It is generally denoted by a reference numeral
51. Parts which correspond to those in the above
embodiment, are denoted by the same reference numerals,
the description of which will be omitted.

According to this embodiment, a closed loop is formed
only in the horizontal vibratory system. The output of
the horizontal vibrational detector 33 is negatively
" fed-back to the first controller 52 and is also supplied
to the second (vertical) controller 53.

Fig.8 shows the detail of the elliptical wvibratory
apparatus 51 according to this embodiment. The above
embodiment and this embodiment are different £from each
other in the controllers 52 and 53. The controllers 52
and 53 consist of the phase shifters 55 and 58, high
gain amplifiers 56 and 59 and amplitude adjustment
limiters 57 and 60, respectably. A set phase difference
is equal to zero in the first phase shifter 55, while
another set phase difference B8 1is equal to 30 degrees
in the second phase shifter 58. When the horizontal
vibration detector 33 is cut off from the first

controller 52, there is the phase difference of 180
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degrees between the cut terminals. And the phase
difference between the output of the second vibratory
system 37 and the input of the second controller 53 is
equal to an angle of 60 degrees.

There have been described the constructions of the
elliptical vibratory apparatus according to the second
embodiment of this invention. Next, operations will be
described.

In this embodiment, the closed loop is.formed only in
the horizontal vibratory system. There is the phase
difference of 180 degrees between the horizontal
vibratory system 32 in the resonant frequency and the
first controller 52. DC power sources are connected to
the power amplifiers 35 and 40 through the not-shown
electric switches. The horizontal vibratory system 32 is
self-excitedly vibrated at the resonant frequency. And
the vertical vibratory system 37 is enforcedly vibrated.
The phase difference  between the force and the
displacement in the horizontal vibratory system, in the
resonant condition, can be maintained at 90 degrees. Even
when the drive frequency of the enforced vibration wvaries
a little, the phase difference between the amplitude and
the force change little. | Accordingly, the phase
difference can be maintained at 60 degrees between the
vertical and horizontal vibrations. Accordingly, the
optimum elliptical wvibration can be obtained.

Fig.9 shows an elliptical vibratory apparatus
according to a third embodiment of this invention. It is
generally denoted by a reference numeral 61. An output of

a variable frequency power source 62 is supplied to a
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first controller 63. Output is amplified by a first power
amplifier 64 and the amplified output is supplied to an
electro-magnet 6'5 as an electric-vibratory exciter. Thus,
a horizontal vibratory system 66 is vibrated in the same
manner as in the above embodiments. The horizontal
vibrational displacement of the vibratory system 66 is
detected by a vibration detector 67 and the detected
output is supplied to a second controller 68 for the
vertical vibration. The controlled output is supplied
through a second power amplifier 69 to an electro-magnet
70 as a vibratory exciter. Thus, a second vibratory
system 71 is vibrated. The shift phase angle in the
second controller 68 is equal to 60 degrees.
Accordingly, although the vibratory system 66 is
vibrated at the resonant frequency by adjusting the
variable frequency power source 62, the vibratory system
71 is vertically vibrated with a phase difference of 60
degree. Accordingly, when the variable frequency power
source 62 is accurately adjusted, the horizontal
vibratory system 66 is surely vibrated at the resonant
frequency and the phase difference of 60 degrees can be
securely maintained between vertical and horizontal
vibratory systems 66 and 71. Thus, the optimum
elliptical vibration can be cobtained.

The controllers 63 and 68 do not include any
saturation elements in contrast to the first and second
embodiments. The output of the vibration detector 67 is
supplied to a not-shown amplitude controller and the
output is compared with a predetermined amplitude in the

not-shown amplitude controller. The comparison result is
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supplied to the controller 63 and so a closed loop for
constant amplitude is formed. The horizontal amplitude
can be constant. In Fig.9, there is not provided a
vertical vibrational detecting means, however it may be
arranged for obtaining a predetermined amplitude in the

vertical direction.

Next, an elliptical vibratory apparatus according to
a fourth embodiment of this invention will be described
with reference to Fig.10 to Fig.12.

Fig.10 shows an elliptical vibratory apparatus
according to the fourth embodiment of this invention and
it is generally denoted by a reference numeral 131. A
vibrational displacement of a horizontal vibratory system
132 is detected by a vibration detector 133 and the
output is supplied through a second controller 234, a
comparator 200, a second power amplifier 135 and a second
vibration exciter 136 to a second vertical vibratory
system 137. A vibrational displacement of the wvertical
vibratory system 137 is detected by a vibration detector
138 and the output is supplied to a first horizontal
controller 139 and further the controlled output is
supplied through a first power amplifier 140 and a first
vibratory exciter 141 to a horizontal (first) wvibratory
system 132. The output of the vibrational detecfor 133
is directly supplied to the second controller 234, while
the output of the vibration detector 138 is negatively
fed-back to the first controller 139.

According to this embodiment, the output of the

vertical vibrational detector 138 is supplied also to a
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gainA k., amplifier 202. The output is supplied through a
phase compensator 201 to the comparator 200 as a negative
signal. The output of the amplifier 202 is advanced by
the phase lag in the phase compensator 201 which
corresponds to the phase lag of the vibratory exciter
136. The A k; and the phase compensation of the phase
compensator 201 will be hereafter in detail.

Fig.11 shows a block diagram of this embodiment and
parts which correspond to those in Fig.10, are denoted
by the same reference numerals.

The first controller 139 includes a first phase
shifter 142, a first high gain amplifier 143 and a first
amplitude adjusting limiter 144 which is the saturation
element. The output of the first controller 139 is
supplied to the first power amplifier 140. The amplified
output is supplied to an electro-magnet 141 as the
vibratory exciter. There is the phase difference of 90
degrees between the current and the force in the
electro-magnet 141. It is a lag element of 1/(s+a,). The
horizontal vibratory system 132 is vibrated with the
output of the électro-—magnet 141. The €first wvibratory
system 132 is represented by a characteristic equation,
(m;s® + c;s + k, = 0). Where m represents a mass of
bowl, ¢, viscous coefficient k, a spring constant in the
horizontal direction. The vibration displacement of the
horizontal vibratory system 132 is detected by the
vibration detector .133 and t.he output is supplied to the
second controller 134. The second controller 134 includes
the phase shifter 145, the high gain amplifier 146 and the
amplitude adjustment limiter 147 which is the saturation

VI
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element. The output is supplied to the ccmparator 200 and

the comparison result is supplied to the power amplifier
135. The amplified output is supplied tc the vertical
electro-magnet 136. It corresponds to a lag' element,
1/(s+a:). The phase lag of 90 degrees occurs in the
vertical electro-magnet 136. The vertical vibratory
system 137 is vibrated with the output of the vertical
electro-magnet 136. The vibrational displacement of the
vertical vibratory system 137 is detected by the
vibrational displacement detector 138 and the detected
output 2 is negatively fed-back to the first controller
139.

According to this embodiment, the output of the
vertical vibrational displacement detector 138 is
supplied also to the gain amplifier 202 having a gain A
k.. The vertical vibratory system 137 is represented by a
characteristic equation, (m.s?+c:s + k, = 0). The value
of the gain A k. is so designed as to be larger by a few
percentages than the spring constant A k.. Next, the
detail of the vertical vibratory system 137 will be
described.

As shown in Fig.12, the acceleration, dx*/ dt® of the
movable part M which is a bowl in the vibratory parts
feeder, is obtained by dividing the force applied to the
movable part M by m which is the mass of the movable part

M and then, the Laplace transformer s is multiplied with

the acceleration, dx?z /dtz. Accordingly, the velocity
"dx/dt" is obtained. The viscous coefficient [o] is
multiplied with the wvalue, dx/dt. Thus, a resisting

force against the movable part M can be obtained. It is
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negatively fed-back to the movable part M. The Laplace
transformer, 1/s is multiplied with the detected dx/dt
and so a displacement, x is calculated. A Spri.ng
constant k is multiplied with the displacement x. The
resisting force kx by the spring force is negatively

fed-back to the movable part M.

As clear from the vibrational technology, the
resonant frequency is proportional to J k; /m;, . According

to this embodiment, the value k. is electrically
converted. In other words, the gain A k. corresponds to
the spring constant k; . Accordingly, the resonant
frequency of the vertical vibration system 137 is
electrically raised by a few percentages. The
electro-magnet 136 makes the phase lag. The phase advance
element of (s+a;)/(s+b;) (b;>a,) is connected to the
circuit for compensating the phase lag of the
electro-magnet 136 and it is negatively fed-back to the

comparator 200.

According to this embodiment, the vibfatory systems
132 and 137 are self-excitedly oscillated and so the
phase difference between the force and displacement is
equal to 90 degrees. The force to the vertical vibratory
system 138 lags by a predetermined phase angle behind the
horizontal vibratory system 133. As above described, the
phase lags of the electro-magnets 136 and 141 as the
vibratory exciters are equal to 90 degrees. The phase is
advanced by 60 degrees in the first phase shifter 142. On
the other hand, the phase is advanced by 30 degrees in
the second phaSe shifter 145. There is the phase

difference of 120 degrees between the input side of the
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first phase shifter 142 and the output side of the
horizontal vibratory system 132. And there is the phase
difference of 60 degrees between the output of the
horizontal vibration detector 133 or the input side of
the second phase shifter 145 and the output of the
second vibratory system 137. Accordingly, when the input
side of the first controller 139 and the output side of
the vibration detector 138 for the vertical vibratory
system is cut off, there is the phase difference of 180
degrees between both sides. Thus, the horizontal and
vertical vibratory system 132 and 137 can be
self-excitedly oscillated.

There has been described construction of the
elliptical vibratory system according to the fourth
émbodiment of this invention. Next operation will Dbe
described.

Although not shown, electric switches are connected
to the power amplifiers 135 and 140. With the closing of
the electric switches, the power amplifiers 135 and 140
are put into the operative condition. In the closed loop
as shown in Fig.1l1, the output of the wvibration detector
138 of the vertical vibratory system 137 is negatively
fed-back to the first controller 139. Accordingly, when
the closed loop is cut off, there is the phase difference
of 180 degrees between both of the terminals. Thus, the
horizontal and vertical vibratory systems 132 and 137 can
be self-excitedly vibrated at the resonant frequency. As
the wvibrational displacement of the horizontal vibratory
system 132 is detected by the vibration detector 133 and

the detected output is supplied through the second
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controller 134, the comparator 200, the power amplifier
135 to the vertical electro-magnet 136. The vertical
vibratory system 137 is driven with the output of the
vertical electro-magnet 136. On the other hand, the
horizontal vibratory system 132 is self-excitedly
oscillated at the resonant frequency. Accordingly, the
phase difference between the force and displacement can
be maintained at 90 degrees. The phase lag of the
electro-magnet 141 is maintained at 90 degrees.
Accordingly, the phase difference between the horizontal
and vertical vibrations can be maintained at 60 degrees.
According to this invention, the characteristic
equation of the vertical vibratory system 137 is
represented as the equation (m.s*+ c¢c.s + k., = 0) in
Fig.11l. The gain Ak, of the amplifier 202 is equal to’
the valve higher than by few percentages the mechanical
spring constant in the vertical vibratory systems 137.
The output detected by the vibrational displacement
detector 138 is amplified by the gain amplifier 202 and
it is supplied through the phase compensator 201 toc the
comparator 200. The phase lag is compensated in the phase
compensator 201, which corresponds to the phase lag of the
vertical electro-magnet 136. Thus, the mechanical
resonant frequency of the vertical vibratory system 137
is not changed, however, the electrical resonant
frequency rises up by few percentages corresponding to
A k: . Accordingly, even when the voltage of the power
source fluctuates, and the viscous coefficient and spring
constant of the vibratory system 137 change, by which the

mechanical resonant frequency of vibratory system
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changes, the phase difference between the vertical and
horizontal displacements does not change. When the
negative feedback loop is not provided as in the Prior
Art, the phase difference between the force and the
displacement is much shifted £from the bhase differencerxn
/2, and so the set phase difference between the
horizontal and vertical wvibrations is shifted much from
the set wvalue of 60 degreés. However, according to this
invention, since the electric (imaginary) resonant
frequency is higher by a few percentages than the
mechanical resonant frequency, the phase difference
varies 1little. Accordingly, the phase difference between
the horizontal and vertical vibrations can be stably
maintained at the angle of 60 degrees. Thus, the bowl can
be always vibrated under the optimum condition.

In the optimum condition of the bowl, the parts can
be transported along the spiral track of the bowl at the
maximum transport speed. Even when the power source
fluctuates or the 1load of the ©parts varies, the
horizontal vibratory system can be always vibrated at the
resonant frequency. The phase difference can be
maintained at 90 degrees between the force (current) and
the displacement. In the Prior Art, when the drive
frequency of the vibratory system is even a little
shifted from the resonant point, the phase difference is
shifted much from the angles of 90 degrees. According to
this embodiment, the vertical vibratory system is
vibrated at the same frequency as the horizontal
vibratory system and the imaginary resonant frequency of

the vertical vibratory system is so designed as to be
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higher by a few percentages than resonant frequency of

the vertical vibratory system. Accordingly, both of the
vertical and horizontal vibratory systems can be vibrated
af the resonant fréquency. Even when the power source
fluctuates and load to the movable part varies to change
the resonant frequency, the phase difference between the
horizontal and vertical vibrations can be maintained at
the optimum conditioned valve.

Although not-shown, amplifier controllers are
connected to the amplitude adjustment limiters 144 and
147, and receive the outputs of the horizontal and
vertical vibration detector 133 and 138, respectively.
They include comparators. Predetermined amplitudes are
supplied to one input terminals of the comparators and
the outputs of the vibration detector 133 and 138 are
supplied to another input terminals. With the differences
between the outputs of the vibration detectors 133 and
138, and the predetermined amplitudes, the amplitude
adjustment limiters 144 and 147 are automatically
adjusted and so the amplitudes of the vertical and
horizontal vibrations can be maintained at the
predetermined amplitudes, respectively. Thus, the
elliptical vibration having predetermined longer axis and
shorter axis, can be imparted to the bowl.

Fig.13 and Fig.14 show an elliptical vibratory
apparatus according to a fifth embodiment of this
invention. It is generally denoted by a reference numeral
151. Parts which correspond to those in the above
embodiment, are denoted by the same reference numerals,

the details of which will be omitted.
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According to .this embodiment, a closed 1loop for
self-excitation is formed only in the horizontal
vibratory system. The output of the horizontal wvibration
displacement detector 133 is negatively fed-back to the
first controller 152. And it is further supplied to the
second or vertical controller 153. Also in this
embodiment, the output o0of the wvibrational displacement
detector 138 for detecting the displacement of wvertical
vibration is amplified by the amplifier 202 having the
gain A k; for the above described purpose and the output
is supplied through the phase shifter 201 to the
comparator 200.

Fig.14 shows the details of the second embodiment.
The controllers 152 and 153 include phase shifters 155
and 158, high gain amplifiers 156 and 159, and
amplitude-adjustment limiters 157 and 160. A phase
difference a 1is set in the first phase shifter 155, and
it is equal to 0°, while a phase difference B8 is set in
the second phase shifter 158 and is equal to 30 degrees.
Accordingly, when the output of the horizontal vibration
detector 133 and the first. controller 152 are cut off
from each other, there is a phase difference of -180
degrees. Further, there is a phase difference of -60
degrees between the output o0f the second vibratory
systems 137 and the input of the second controller 153.

There has been described construction of the
elliptical vibratory apparatus according to the fifth
embodiment of this invention. Next, operations will be
described.

Only the horizontal vibratory system is looped in
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this embodiment. There is the phase difference of 180
degrees between the output of the horizontal wvibratory
system 132 and the first controller 152. Although not
shown, DC electrical power sources are connected through
electric switches intcoc the power amplifiers 135 and 140.
Thus, the horizontal vibfatory system 132 is
self-excitedly vibrated at the resonant frequency and the
vertical wvibratory system 137 can be aiso vibrated at the
resonant frequency. The phase difference between the
forces and the displacements both in the horizontal and
vertical vibrational systems can be obtained to be 90
degrees. Even when the resonant frequency is shifted a
little from the phase difference between the displacement
and force in the vertical vibratory system, changes
little by function of the gain amplifier 202. Thus, the
phase difference can be obtained to be the angle of 60
degrees between the horizontal and vertical directions.
Thus, the optimum elliptical vibrational condition can be
obtained.

Fig.1l5 shows an elliptical vibratory system according
to a sixth embodiment of this invention. It is generally
denoted by a reference " numeral 61. An output of a
variable frequency power source 162 is supplied to the
first controller 163. An output of the first controller
163 is amplified by an power amplifier 164. The amplified
output is supplied to an electro-magnet 165 as a
vibratory exciter. The horizontal vibratory system 166 is
excited by the output of the electro-magnet 165. The
vibrational displacement of the horizontal vibratory

system 166 is detected by a vibration detector 167 and
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the detected output is supplied to a second controller
168 for the vertical vibration. The controlled output is
supplied to one input terminal of the comparator 200 and
a negative feedback signal is supplied to another input
terminal of the comparator 200. A closed 1loop is formed
by a power amplifier 169, é vibratéry exciter 170, a
vertical vibratory system 171, a vibrational
displacement detector 138 and the gain amplifier 202 and
the phase compensator 201. The output of the phase
shifter 201 is negatively fed-back to the comparator 200.
The second vibratory system 171 is driven with the output
of t_he vibratory exciter 171. The phase difference is set
at the angle of 60 degree in the second controller 168.
Accordingly, when the horizontal vibratory system 166 is
accurately and resonantly vibrated with the adjustment of
the variable frequency power source 162, the phase
difference between the horizontal and vertical vibrations
can be maintained accurately at the angle of 60 degrees.
If the wvariable frequency power source 162 is accurately
adjusted, the phase difference is securely maintained at
the angle of 60 degrees and so the optimum elliptical
vibration can be obtained.

In contrast to the above embodiments, the controllers
163 and 168 are not provided with any saturation
element. Although not shown, a closed loop is formed for
constant amplitude. Thus, the amplitude of the horizontal
vibration may be constant. The vertical wvibratory system
171 is vibrated at the resonant frequency. The electrical
or imaginary resonant frequency of the vertical vibratory

system 171 is risen by a few percentage of the
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mechanical resonant frequency. The closed loop for that
purpose consists of the amplifier 169, the wvibration
exciter 170, the vibration system 171, the detecfor 138,
the gainA K, amplifier 202. Another closed loop is formed
for constant amplitude. Thué, the amplitude of the
horizontal vibration is maintained at constant. The
vertical vibratory system 171 is resonantly vibrated
also. The electrical or imaginary resonant frequency of
the vertica_l system 171 is risen by a few percentages of
the mechanical resonant frequency by the closed 1loop
which consists of the amplifier 202, the phase shifter 201
etc.. Even when the 1load to the movable part and the
voltage of the electric power source fluctuate, the phase
difference are varied little.

Fig.16 shows an elliptical vibratory system according
to a seventh embodiment of this invention. It is denoted
generally denoted by a reference numeral 31'. The parts
which correspond to those in the above embodiments, are
denoted by the same reference numerals, the details of
which will be omitted.

The closed loop including the A k gain amplifier 202
and the phase shifter 201 provided in the first
embodiment, is omitted in this embodiment. Instead, a
prefilter 300 is connected between the controller 134 and
the power amplifier 135. The characteristic equation of
the prefilter 300 is represented by (m,s? + c,s + k;)/
.(mzsz+czs + k:+ Ak:). In this equation, (m,s? + c,s +
k;) is a characteristic equation of the vertical
vibratory system. This characteristic equation represents

a notch component filter for <cutting the resonant
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frequency £, as shown Fig.19. The spring constant
consists of a mechanical constan{: k., and an imaginary
spring constant A ke in the other characteristic
equation. Accordingly, the imaginary resonant frequency
f, is higher than the mechanical resonant frequency, by A
k; . Thus, the prefilter 300 functions alsoc a band pass
filter for passing through the waves of the frequency
higher by few percentages of the mechanical resonant.
frequency f,. Accordingly, the prefilter 200 consists of
the notch filter for cutting the mechanical resonant
frequency ~and the band-pass filter for passing through
the frequency which is higher by few percentages than the
mechanical resonant frequency. With the prefilter 300,
the vertical vibrational displacement instruction is
given by the characteristic equation, (m;s? + c.s + k;).
Actually, the vertical vibratory system is vibrated at
the resonant frequency, however, when the mechanical
resonant frequency is varied, for example, with the
changé of the load to the bowl, the phase difference is
varied much. However in this embodiment, the electrical
resonant fréquelncy is so designed as to be higher than
the mechanical resonant frequency, as above described.-
The phase angles are set in the first and second phase
controllers 142 and 145. The phase angle between the
horizontal vibration displacement and the vertical
vibrational displacement is maintained at the angle of 60
degrees. Thus, the optimum elliptical vibration can be
obtained. Any other functions and effects of this
embodiment can be the same as in above embodiments.

Fig.17 shows an elliptical wvibrational apparatus__ _51'
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according to an eighth embodiment of this invention.
Parts which correspond to ’éhose in the above embodiments,
are denoted by the same reference numerals, the detail. of
which will be omitted. Also in this embodiment, the
closed 1loop including the gain amplifier 202 and the
phase shifter 201 are omitted. Instead, the prefilter 300
is arranged also as in the seventh embodiment. The
prefilter 300 of this -embodiment has the similar function
and effect as that of the seventh embodiment.

Fig.18 shows an elliptical 'vibratory apparatus 61'
according to a ninth embodiment of this invention. Parts
which correspond to those in the above embodiments, are
denoted by the same reference numerals, the detail of
which will be omitted. Also in this embodiment, the
closed 1loop including the gain amplifier 202 and the
phase shifter 201 are omitted. Instead, the prefilter 300
as in the seventh and eighth embodiments is provided. The
operation and the effects are the same as in the above
embodiment. Accordingly, the description will be omitted.

Fig.20 to Fig.23 show an elliptical vibratory
apparatus according to a tenth embodiment of this
invention. Parts which correspond to those in the above
embodiments, are represented by the same reference
numerals, the detail of description will be omitfed.

In this embodiment, the gain Ak of the amplifier
202" is adjusted with a phase difference of the
vibrational displacement of the vertical vibratory
system. As shown. in Fig.21, a vibratory displacement
signal x in the  Thorizontal direction and another

vibratory displacement signal y in the vertical direction
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are supplied to amplifiers 303a and 303b having gain K.
The amplified outputs are supplied to limiters 304a and
304b having positive and negative saturation levels
respect.ively . The amplified outputs are cut at
predetermined levels in the limiters 303a. and 303b. The
obtained rectangular waves are compared with a comparator
305 and the comparison result is supplied to an absolute
value circuit 306 and the output is supplied to a
low—-pass filter 307. The absolute value circuit 306
corresponds to a rectifying circuit. The low-pass filter

307 has the transfer factor of {1/(1+T,s)}x {1/(1+T:s)}.

The output is a phase difference output ¢ . A phase
difference between the horizontal vibrational
displacement signal X and vertical vibrational

displacement signal y is as shown in 22A and 22B. These
signals are cut at the predetermined levels by the
limiters 304a and 304b, and the substruction is effected
between the horizontal vibrational displacement signal x
and the vertical displacement signal y in the comparator
305. Thus, the comparison results are obtained as shown
in Fig.22C. The output is supplied to the absolute value
circuit 306. Accordingly, _the wave shape as shown in
Fig.22D can be obtained. Further, it is passed through
the low-pass filter 307. Thus a DC output in proportion
to the d.ifference between the horizontal and vertical
vibratory displacement signals x and y can be obtained as
the phase difference output ¢ .

The relationship between the phase difference and the
detecting output¢ , is as shown in Fig.23. It changes

linearly within the angle of the 180 degrees and it is -at
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the maximum wvalue at the 180 degrees. Hereafter, it
decreased linearly with angles. Such output is supplied
to ‘a phase difference controller 301, and so the
controller 301 is controlled in accordance with the
phase difference output. Thus, the gain A k of the
amplifier 202' can be adjusted with the phase difference
output. The phase angle between the horizontal and
vertical vibrational displacements can be adjusted to the
optimum angle of 60 degrees. Also in this embodiment,
both the vertical vibratory system and the horizontal
vertical system. can Dbe vibrat_:ional at the resonant
frequency, even when anyone of the vibratory systems
fluctuates with the change of the power source and the
load to the movable parts. The phase difference can be
secﬁrely and stably maintained at the angle of 60 degrees.

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

For example, in the above embodiments, the
electro-magpet is used as the wvibratory eéxc¢iter. It has
the phase lag of 90 degrees. Instead, the vibrétory
exciter of the piezo-electric type or moving coil type.
However, it has no phase 1lag. Accordingly, when it is
used as the vibratory exciter, a = ~-90 degrees and 8 =
~90 degrees are used instead of the values described in
the above embodiment. Also in this case, the same effect
and operation as in the above embodiments can be obtained.

Of course, vibratory exciters of any other kind

having a certain phase lag, may Dbe used in this
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invention. By selecting the value of the phase angle in
the phase shifters, there can be the phase difference of
180 degrees in the negative feed-back loop. And, the
phase difference of the 60 degrees can be obtained
between the horizontal and vertical vibration.

Further, the set phase difference angles are constant
in the phase shifters 42 and 45 in the controller 39 and
34. Instead, they may be variable. A phase difference may
be detected between outputs and/or inputs of any circuit
blocks shown in the above embodiments, for adjusting the
set phase difference of the phase shifters 42, 45.

Further, the optimum phase difference between the
vertical and horizontal direction is equal to 60 degrees.
According to the transport theory of the elliptical
vibration, the optimum phase difference may be somewhat
varied in accordance with the magnitudé of the longer
axis of the elliptical vibrator. For example, it may be
varied between the angles 45 degrees and 75 degrees. In
this case, the angle ¢, B may be varied in accordance
with the'values of the optimum phase difference.

Further, the first (horizontal) direction and the

second (vertical) direction may be inverted.
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WHAT IS CLAIMED IS :

1. An elliptical vibratory apparatus comprising :

(A) a first controller which includes at least a _first
phase shifter, a first high-gain amplifier and a first
saturating element ;

(B) a first power amplifier for amplifying an output of
said first controller :

(C) a first vibratory exciter receiving an output of
said fifst power amplifier for generating a first
vibratioﬂal force in a first direction;

(D) a first vibrational system of an elliptical vibratory
machine,:receiving said first vibrational force;

(E) first vibrational displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said first_direction;
(F) a sécond controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;

(G) a sécond power amplifier for amplifying an output of
said second controller ;

(H) a second vibratory exciter receiving an output of
said seéond power amplifier for generating a second
vibrational force in a second direction:

(I) a second vibrational system of said elliptical
vibratory machine, receiving said second vibrational
force;

(J) a second vibrational displacement detecting means for
detecting another vibrational displacement of said
movable éart of said elliptical vibratory machine in said

second direction;
Rt This Sheet Has Been Rep
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(K) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory exciter,
said first vibrational system, said first vibrational
displacement detecting means, said second controller, said
second power amplifier} said second vibratory exciter,
said second vibrational system and said second vibrational
displacement detecting means, the output of said second
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop
wherein 'shift angles of said first and second phase
shifters are so predetermined that there is a phase
difference of 180 degrees between the output terminal of
said second vibrational displacement detecting means and
the input terminal of said first controller, when these
terminals are cut off from each other, and a
predetermined phase difference can be obtained between
said wvibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first wvibratory system
being self-excitedly vibrated at its resonant frequency
and said second vibratory system being self-excitedly
vibrated.

2. An elliptical vibratory_apparatus comprising :

(A) a first controller which includes at least a first
| phase shifter, a first high-gain amplifier and a first
saturatihg element ;

(B) a first power amplifier for amplifying an output of
said first controller ;

(C) a first vibratory exciter receiving an output of

said first power amplifier for generating a first
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vibrational force in a first direction;

(D) a first vibrational system of an elliptical vibratory
machine, receiving said first vibrational force;

(E) vibrational dispiacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said first direction;
(F) a second controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;

(G) a second power amplifier for amplifying an output of
said second controlle; H

(H) a second vibratory exciter receiving an output of
said second power .amplifier for generating a second
vibrational force in a second direction;

(1) a second vibrational system of said elliptical
vibratory machine, receiving said second vibrational
force;

(J) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory exciter,
said first vibrational system and said vibrational
d;splacement detecting means, the output of said
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop ;
wherein .shift angles of said first and second phase
shifters are so predetermined that there 1is a phase
difference of 180 degrees between the output terminal of
said vibrational displacement detecting means and .the
input terminal of said first controller, when these
terminals are cut off from each other, and a

predetermlned phase difference can be obtained between
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said vibrational displacements o0f the first and second
vibratorj systems for the optimum condition of said
elliptical vibratory machine, said first vibratory
system ﬁeing self-excitedly vibrated at its resonant
frequency and said second vibratory system' being
self—excifedly vibrated.

3. An ellip{:ical vibratory apparatus according to claim
1 in which amplitude controllers are provided for said
first and second vibrational displacement detecting
means, réspectively, predetermined amplitudes are set in
said amplitude controllers, respectively, the differences
between 'said predetermined amplitudes and the present
vibratory -displacements in said first and  second
directions, respectively, are supplied to said first and
second cﬁntrollers, respectively so that the amplitudes
of the -vibrational displacements in said first and
second directions are adjusted to be 'edual to said

predetermined amplitudes, respectively.

4. An elliptical vibratory apparatus in according to
claim 2 in which a second vibrational displacement
detecting means is provided for detecting the

vibrational displacement of the movable part in said
second direction, the outputs of said first-mentioned and
second Qibrational displacement detecting means are
supplied to amplitude controllers in which predetermined
amplitudes are set, the differences between the
predetermined amplitudes and the present amplitudes are
supplied to said first .and second controllers and the
amplitudes of the vibratory systems in said first and

second d1rect10ns are so controlled as_ _to be equal to
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said predetermined amplitudes, respectively.

5; An eiliptical vibratory apparatus according to anyone
of claims 1 to 4 in which phase difference detecting
means and phase difference controllers are provided and
the shift angles'of said first and second phase shifters
are adjuéted with the output of said phase difference
controllers.

6. An elliptical vibratory apparatus comprising ;

(A) a variable frequency power source ;

(B) a first vibratory exciter for generating a first
vibrational force in the first direction, receivihg an
output of said variable frequency power source ;

(C) a first wvibratory system of ‘an elliptical vibratory
machine, receiving said _first vibrational force in said
first direction ;

(D) vibrational displacement detecting means for
detecting wvibrational displacement of a movable part of
said elliptical vibratory apparatus in said first
direction ;

(E) a phase shifter for receiving an output of said
vibrational displacement detecting means ;

(F) a pdwer amplifier receiving an output of said phase
shifter ; |
(G) a second vibratory exciter receiving an output of
said powér amplifier fof generafing a second vibrational
force in the second direction perpendicular to said first
directioﬁ H

(H) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational

force in said second direction from said second vibratory
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exciter, wherein said first vibratory system is driven at
its resonant frequency with the . adjustment of said
variaﬁle frequency power source and the phase angle of
said phase shifter is so controlled that the movable
part of- said elliptical vibratory machine can be
vibréted at the optimum vibrational condition;

7. An eliiptical vibratory apparatus comprising:

{a) a first controller including at least a first
phase shifter, a first high gain amplifier and a first
saturation element;

(B a first power amplifier for power-amplifying an
output of said first controller;

(C) a first vibratory exciter receiving an output of
said fifst power amplifier for generating a first
vibratioﬂal force in a first direction;

(D) a first vibratory system of an eiliptical vibratory
machine receiving said first vibrational force in the
first diréction from said first vibratory exciter:;

(E) a first vibratory displacement detecting means for
detectin§ the vibrational displacement of a movable part
of said elliptical vibratory machine in said first
directioﬁ;

(F) a second controller including at least a éecond phase
shifter, a second high gain amplifier and a second
saturation element;

{G) a comparator, the output of said second controller

being supplied to one input terminal of said
comparator;
(H) a second power amplifier for power-amplifying an

output of said comparator;
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(I) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicuiar
to said f1rst direction;

(K) a second vibratory dlsplacement detecting means for
detectlng a vibrational displacement of a movable part of
said elhliptical vibratory machine in said second
directioﬁ;

(L) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M) a r;»hase compensator receiving an output of said
amplifier' for compensating the phase lag. of said second
vibratorf exciter;

(N) a fifst closed loop being formed by said second power
amplifiexr, said second vibratory exciter, said second
vibratorf system, said second vibratory displacement
detecting means, said amplifier, said phase compensator
and said. comparator to which the output of said second
vibratorj displacement detecting means is fed-back;

(0) a second closed loop being formed by said first
controller, said first power amplifier, said first
vibratory exciter, said first wvibratory system, said
first vibratory displacement detecting means, wherein
shift angles of said first and second phase shifters are
so predetermined that there is a phase difference of 180
degrees between the output termihal of said second
vibrational displacement detecting means and the input
terminal of said first controller, when these terminals

are cut off from each other, and a predetermined phase
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difference can be obtained between said vibrational
displacements of the first and second vibratory systems
for the optimum condition of said. elliptical vibratory
machine, said first and second vibratory systems being
self-excitedly vibrated at its resonant frequency.

8. An elliptical vibratory apparatus comprising:

(A) a first controller including at least a first phase
shifter, a first high gain amplifier and a first
saturation element;

(B) a first power amplifier for power-amplifying an
output of said first controller;

(C) a first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;

(D) a first vibratory system of an elliptical wvibratory
machine receiving said first vibrational force in the
first direction from said first vibratory exciter;

(E) a first vibratory displacement detecting means for
detecting the wvibrational displacement of a movable part
of said. elliptical vibratory machine in said first
dlrectlon,

(F) a second controller including at least a second
phase shifter, a second high gain amplifier and a second
saturation element;

(G) a comparator, the output of said second controller

being supplied to one input terminal of said
comparator;
(H) a second power amplifier for power-mplifying an

output of said comparator;
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said second power émplifier for génerating a second
vibratioﬁaly force in a second direction perpendicular
to said first direction;

(K) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical ~ 'vibratory machine in  said second
direction;

(L) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M) a ﬁhase compensator receiving an output of said
amplifief. for compensating the phase lag of said second
vibratory exciter;

(N) a first closed loop being formed by said second power
amplifief, said second vibratory exciter, said second
vibratory system, said second vibratory displacement
detecting means, said amplifier, said phase compensator
and said.comparator to which the output of said second
vibratory displacement detecting means is fed-back;

(0) a second closed loop being formed by said first
controller, said first power amplifier, said first
vibratory exciter, said first vibratory system, said
first wvibratory displacement detecting means, said .
second cbntroller, said comparator, said second power
amplifier, said second vibratbry exciter and said second
vibratory displacement detecting means, the output of
said second vibratory displacement deteéting means being
fed-back negatively to said first controller, wherein
shift angles of said first and second phase shifters are

so predetermined that there is a phase difference of 180
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degrees between the output terminal of said second
vibrational displacement detecting means and the input
terminal of said first controller, when these terminals
are cut 'off from each other, and a predetermined phase
difference can be obtéined between said vibrational
displacements of the first and second vibratory systems
for the optimum condition of said elliptical wvibratory
machine, said first and second vibratory systems beihg
self-excitedly vibrated at its resonant frequency.

9. An elliptical vibratory apparatus according to claim 7
to 8 in.which amplitude controllers are provided for said
first and second vibrational displacement detecting
means, respectively, predetermined amplitudes are set in
said ~amplitude controllers, respectively, the
differences between said predetermined amplitudes and the
present Qibratory displacements in said first and second
directions, respectively, are supplied to said first and
second controllers, respectively so that the amplitudes
of the vibrational displacements in said first and second
directions are adjusted to be equal to said predetermined
amplitudes, respectively.

10. An elliptical vibratory apparatus according to anyone
of claimé 7 to 9 in which phase difference detecting
means and phase difference controllers are provided and
the Shiff angles of said first and second phase shifters
are adjusted with the output of said phase difference
controllérs.

11. An elliptical vibratory apparatus comprising ;

(A) a variable frequency power source ;

(B) a first v1bratory exciter for generating a first
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vibrational force in the first direction, receiving an

output of said variable frequency power source ;

(C) a first wvibratory system of an elliptical vibratory
machine, receiving said first wvibrational force in said
first direction; |

(D) first vibrational displacement detecting means for

detecting vibrational displacement of a movable part of

said elliptical vibratory apparatus in said first
direction;
(E) a phase shifter for receiving an output of said

first vibrational displacement detecting means;

(F) a comparator to which an output of said shifter is
supplied ét one input terminal:;

(G) a power amplifier receiving an output of said
comparatdr;

(H) a second vibratory exciter receiving an output of
said power amplifier for generating a second vibrational
force in the second direction perpendicular to said first
direction;

(1) a éecond vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said second vibratory
exciter;.

(J) a second vibratory displacement detecting means for
detecting a wvibrational displacement of a movable part of
said elliptical vibratory machine in said sécond
direction;

(K) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said

second vibratory displacement detecting means:
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(L) a phase compensator receiving an output of said
amplifier. for compensating the phase lag of said second
vibratory exciter;

(M) a closed loop being formed by said . bower aﬁplifief,
said seéond vibratory exciter, said second vibratory
system, said second vibratéry displacement detecting
means, said amplifier, _said phase compensator and said
comparator to which the output of said second vibratory
displacement detecting means is negatively fed-back;
wherein said first and second vibratory systems are
driven af the resonant frequency with the adjustment of
said variable frequency power source and the phase angle
of said phase shifter is so controlled that the movable
part of said elliptical vibratory machine can be wvibrated
at the oﬁtimum vibrational condition;

12. An elliptical vibratory apparatus comprising:

(A) a first controller including at least a first phase
shifter, " a first high gain amplifier and a first
saturation element;

(B) a first power amplifier for power-amplifying an
output of said first controller;

(C) a first vibratory exciter receiving an output of said
first poﬁer‘ amplifier for generating a first wvibrational
force in.a first direction;

(D) a first vibratory system of an elliptical wvibratory
machine ;eceiving said first vibrational force in the
first direction from said first vibratory exciter:;

(E) a first vibratory displacement detecting means for
detecting the vibrational displacement of a movable part

of said elliptical vibratory machine in said first
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direction;

(F) a second controller including at least a second phase
shifter, a second high gain amplifier and a second
' saturation element;

(G) a prefilter receiving an output of said second
controller;

(H) a second power amplifier for power-amplifying an
output of said prefilter;

(I) a sécond vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular to
said first direction;

(J) a second vibratory system of said ellptical vibratory
machine receiving said second vibrational force in the
second direction from said second vibratory exciter;

(K) a sécond vibratory displacement detecting means for
second direction from said second vibratory exciter
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) a closed loop being- formed by said first controller,
said first power amplifier, said first vibratory exciter,
said first vibratory system, said first vibratory
displacement detecting means, said second controller,said
prefilter, said second power amplifier, said second
vibratory exciter and said second vibratory displacement
detecting means, the output of said second vibratory
displasement detecting means being fed-back negatively to
said first controller,wherein said prefilter consists of

a notch filter for cutting the resonant  freacuancw. .
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component and a band-pass filter for amplifying the
frequency component higher by a few percentages than
said resonant frequehcy, wherein shift angles of said
first and second phase shifters are so predetermined that
there is a phase difference of 180 degrees between the
output terminal of said second vibrational displacement
detecting means and the input terminal of said first
controller, when these terminals are cut off from each
other, and a predetermined phase difference can be
obtained between said vibrational displacements of the
first and second vibratory systems for the optimum
condition of said elliptical vibratory maqhine, said
first and second vibratory systems being se;f—excitedly
vibrated at the resonant frequency.

13. An eiliptical vibratory apparatus comprising :

(A) a first controller ihcluding at least a first phase
shifter, a first' high gain -amplifier and a first
saturation element;

(B) a first power amplifier for power-amplifying an
output of said first controller;

({C) a first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;

(D) a first vibratory system of an elliptical vibratory
machine receiving eaid first wvibrational K force in the
first direction from said first vibratory exciter;

(E) a vibratory displacement detecting means for
detecting the vibrational displacement of a movable part
of said elliptical vibratory machine in said first

dlrectlon'
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(F) a second controller including at least a second
phase shifter, a second high gain amplifier and a second
saturation element;

(G) a prefilter receiving an output of said second
controller;

(H) a second power amplifier for power-amplifying ‘an
output of said prefilter;

(I) a §econd vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second directipn. perpendicular
to said first direction;

(J) a second vibratory system of said ellptical wvibratory
machine receiving said second vibrational force in the
second diréction form said second vibratory exciter.

(K) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory
exciter, said first wvibratory system, said vibratory
displacement detecting means, the output of said second
vibratory displasement detecting means being fed-back
negatively to said first controller,wherein said
prefilter consists of a notch filter for cutting the
resonant frequency compornent and a band-pass filter for
amplifying the frequency component for amplifying the
frequency component higher by a few percentages than said
resonant frequency, and shift angles of said first and
second phase shifters are so predetermined that there is
a phase difference of 180 degrees between the output
terminal of said vibrational displacement detecting means
and the input terminal of said first controller, when

these terminals are cut off from each other, and a
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predetermined phase difference can be obtained between
said vibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first and second
vibratory systems being self-excitedly vibrated at the
resonant frequency.

14. An elliptical wvibratory apparatus according to claim
13 in which a second vibratory displacement detecting
means is provided, and amplitude controllers are provided
for said first-mentioned and second vibrational
displacement detecting means, respectively,
predetermined amplitudes are set in said amplitude
controllérs, respectively, the differences between said
predetern;ined amplitudes and the present vibratory
displacements in said first and second directions,
respectively, are supplied to said first and second
controllers, respectively so that the amplitudes of the
vibrationél displacements in said first and second
directioﬁs are adjusted to be equal to said predetermined
amplitudes, respectively.

15. An elliptical vibratory apparatus according to
claim 13 in which phase difference detecting means and
phase difference controllers are provided and the shift
angles of said first mentioned and second phase shifters
are - adjusted with the output of said phase difference
controllérs.

16. An elliptical vibratory apparatus according to anyone
of claims 8 to 11 in which phase difference detecting
means and phase difference controllers are provided and

theshlft angles of said first and second phase shifters
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are adjusted with the output of said phase difference

rollers.
~controllers This Sheet Has Been Replac

17. An elliptical vibratory apparatus comprising; ,"HI’"!”',I",I"

(B) a first - vibratory exciter for generating a

(A) a variable frequency power source;

first wvibrational force in the first direction, receiving
an output of said variable frequency power source;

(C) a .first vibratory system of an elliptical wvibratory
machine, receiving said first wvibrational force in said
first direction:;

{D) vibrational displacement detecting ' means for

detecting vibrational displacement of a movable part of

said elliptical vibratory apparatus in said first
direction;
(E) a phase shifter for receiving an output of said

first vibrational displacement detecting means;

{F) a prefilter

(G) a power amplifier receiving an 'output of said
prefilter;

(H) a second vibratory exciter receiving an output of
said power amplifier for ge.nerating a second wvibrational
force in the second direction perpendicular to said first
direction;

(1) a second vibratory system of said elliptical
vibratory apperatus receiving said second vibrational
force in said second direction from said second vibratory

exciter;

wherein said first and second vibratory systems are

driven at the resonant frequency w1th the adjustment of
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said variable frequency power source and the phase angle
of said phase shifter is so controlled that the movable
part of said | elliptical vibratory machine can be
vibrated at the optimum vibrational condition;

18. An elliptical vibratory apparatus according to claims
7, 8 and 11 in which a phase difference de{:ecting means
for detecting the phase difference between the
vibrational displacements of the first and second
vibratory systems and a phase difference controller
receiving the detected output of said phase difference
detecting means are provided aﬁd the gain of said
amplifier 1is so controlled by said phase difference
controller that the phase difference betﬁeen the
vibrational displacements of said first and second
vibratory systems are put into the optimum angle.

19. An elliptical vibratory apparatus comprising;

(A) a controller receiving vibration instruction;

(B) a comparator which is connected to said controller at
its one input terminal;

(C) a power amplifier connected to an output terminal of
said comparator;

(D) a vibratory exciter;

(E) a mechanical vibrational system receiving the
vibrational force of said vibratory exciter:;

(F) a vibration detecting means arranged adjacent to or
attached to said mechanical vibrational system:;

(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving the output of
said vibration detecting means;

(H) a phase compensator receiving the output of said
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amplifier and compensating the phase lag of said
vibratory exciter:;

(1) a first closed loop being formed by said comparator,
said power amplifier, said vibratory exciter, said
mechanical vibrational system, said vibration detecting
means, said amplifier and said phase compensator in which
the output of said vibration detecting means is
negatively fed-back to another input terminal of said
comparator;

(dJ) a secoﬁd closed loop being formed by said vibration
detecting means, said controller,said cpmparator, said
amplifier, said vibratory exciter and said mechanical
vibration system, in which the output of said vibration
detecting means is negatively fed-back to said
controller, wherein a self-excited vibration is obtained
and an electrical or imaginary resonant frequency of the
mechanical vibration system is rised by a frequency
corresponding to said imaginary spring constant by the
gain of said amplifier.

20. An elliptical vibratory apparatus comprising;

{(A) a contréller receiving vibration instruction;

(B) a comparator which is connected to said controller at
its one input terminal;

(C) a power amplifier connected to an output terminal of
said comparator;

(D) a vibratory exciter;

(E) a mechanical “vibrational system receiving the

vibrational force of said vibratory exciter;

(F) a vibration detecting means arranged adjacent to or

attached to said mechanical vibrational system;

This Sheet Has Been Replaced
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(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving the output of
said vibration detecting means;

(H) a phase compensator receiving the output of said
amplifier and compensating the phase lag of said
vibratory exciter;

(I) a closed loop being formed by said comparator, said
power amplifier, said vibratory exciter, said mechanical
vibrational system, said vibration detecting means, said
amplifier and said phase compensator in which the output
of said wvibration detecting means is negatively fed-back
to another input terminal of said comparator;

wherein a power source is connected to said controller
to wvibrate enforcedly said mechanical vibration system
and an electrical or imaginary resonant frequency of the
mechanical vibration system is rised by a frequency
corresponding to said imaginary spring constant by the
gain of said amplifier.

21. An elliptical vibratory apparatus;

(A) a first controller;

(B) a first power amplifier;

(C) a first vibratory exciter;

(D) a'first mechanical vibration system;

({E) a first vibration detecting means arranged adjacent
to or, attached to said first mechanical vibration system,
(F) a second controller receiving the detected output of
said first vibration detecting means,

(G) a comparator This Sheet Has Been Rep

(51« socons g amprssies T

(I) a second mechanical vibratory system;
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(J) a sécond. vibration detecting means arranged adjacent
to or, attached to said second mechanical vibration
system;
(K) a first closed 1loop been formed by said first
controller, said first power amplifier, said first
vibratory exciter, said mechanical vibratory system, said
first vibration detecting mean, said sécond controller,
said comparator, said second power amplifier, said
mechanical vibration system, said second vibration
detecting means in which the detected output of said
second vibration detecting means is negatively fed-back
to said first controller, said first mechanical wvibration
system being self-excitedly vibrated and said second
mechanical vibrational system being enforcedly.vibrated;
(L) an amplifier receiving the output of said second
vibration detecting means having a gain Corresponcding to
an imaginary spring constant.
(M) a phase éompensator for compensating the phase lag
of said second vibratory exciter, receiving the output of
said amplifier;
(N) a second closed 1loop being formed by said second
vibrétional detecting means, said phase comparator and
said comparator, second power amplifier, said second
mechanical vibratory system in which the output of said
phase compensation is negatively fed-back to said
comparator, wherein the electrical (imaginary) resonant
frequency of said second mechanical vibration system is
raised by a frequency component corresponding to said
imaginary spring constant.

22. An elliptical vibratory apparatus comprising;  This Sheet Has Been R
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(A) a first controller connected to a first electric
power source;

(B) a first power amplifier;

- (C) a first vibratory exciter;

(D) a first mechanical vibration system;

(E) a sécond controller connected to a second electric
power source which is shifted in phase by a predetermined
phase angle from said first electric power source;

(F) a comparator;

(G) a second power amplifier;

{H) a second vibratory exciter;

(1) a second mechanical vibration system;

(J) a wvibration detecting means arrangéd adjacent to
or attached to said second mechanical vibration system;

{K) an amplifier having a gain .corresponding to a
imaginary spring constant;

(L) a phase compensator, receiving the output of said
amplifier and compensating a phase lag' of said second
vibratory exciter;

(M) a closed loop being formed by said vibration detecting
means, said amplifier, said phase compensator and said
comparator in which the output of said phase compensator
is negatively fed-back to said comparator, and the
electrical (imaginary) resonant frequency of the second
mechanical vibration system is raised by a frequency
corresponding to said gain of the amplifier.

23. In an elliptical vibratory system, apparatus
comprising;

(A) a power amplifier receiving vibrational instruction;

(B) a v1bratory exciter receiving the output of sald power
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amplifier and;
(C) a mechanical vibration system receiving the
vibrational force from said vibratory exciter, said
vibrational instruction is supplied through a prefilter
to said power amplifier, said prefilter cohsisting of a
notch filter for cutting the resonant frequency component
of said mechanical vibration system and a band-pass
filter for amplifying the frequency component higher by a
few percentages than the actual resonant frequency of said

mechanical vibration system.
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ELLIPTICAL VIBRATORY APPARATUS
ABSTRACT OF THE DISCLOSURE

An elliptical vibratory apparatus comprises:

a first controller which includes at l_east a first
phase shifter, a first high-gain amplifier and a first
saturating element; a first power amplifier for amplifying
an output of the first controller; a first vibratory
exciter receiving an output of the first power amplifier
for generating a first vibrational force in a first
direction; a €first vibrational system of an elliptical
vibratory machine, receiving the first vibrational fo;ce;
first vibrational displacement detecting means for
detecting a vibrational .displacement of a movable part of
the ellipti-cal vibratory machine in the first direction:;
a second controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element; a second power amplifier for
amplifying an output of the second controller; a second
vibratory exciter receiving an output of the second power
amplifier for generating a second vibrational force in a
second direction; a second vibrational system of the
ell iptical vibratory machine, receiving the second
vibrational force: a second vibrational displacement
detecting means for detecting another vibrational
displacement of the movable part of the elliptical
vibratory machine in the second direction; a closed loop
being formed by the Ffirst controller, the first power
amplifier, the  first vibratory exciter, the first
vibrational system, the first wvibrational displacement

detecting means, the second controllef, the second power

THIS SHEET HAS BEEN
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"amplifier, the second vibratory exciter, the second
vibrational system and the second vibrational

displacement detecting means, the output of the second
&ibrational displacement detecting means being negatively

fed-back to the first controller in the closed 1loop ;

wherein shift angles of the £first and second phase
shifters are so predetermined that there 1is a phase
difference o0f 180 degrees between the output terminal of
the second vibratiqnal displacement detecting means and
the input terminal of the first controller, when these
terminals are cut off from each other, and a
predetermined phase difference can be obtained between
the vibrational displacements of the first and second
vibratory systems for the optimum condition of the
ellipticai vibratory machine, the first vibratory system
being self-excitedly vibrated at its resocnant frequency
and the second vibratdry system being self-excitedly

vibrated.
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BACKGROUND OF THIS INVENTION

Field of the invention:

This invention relates to an elliptical vibratory
apparatus which is used, for example, for handling parts

such as bolts, nuts, transistors.
Description of the Prior Art;

In Fig.l, an elliptical vibration parts-feeder is
generally denoted by &a reference numeral 1 and it is
provided with a well-known bowl 2_. A spiral track is
formed in the wall of the bowl 2. A wiper as one of
parts-orientating means is arranged at a suitable
position of the down-stream side of the spiral track. The
detail of the wiper is well-known and the d.rawing of the
detail will be omitted. A flat plate is bent to form the
wiper. The distance between the lower end of the flat
plate and the t}:ack is larger than the thickness of a
part to be handled in the bowl 2. But, it is smaller
than - the double bf it. A posture-holding means is
arranged at a discharge end portion of the spiral track.
The-pé‘rts of a predetermined posture a.re supplied through
the - posture holding means ___into a - not-shown linear
vi.bratoz.'y feeder as a next step.

Thé bowl 2 is fixed on an wupper movable frame 7 as
shown in Fig.2. A similarly cross-shaped lower movable
frame 8 as. clearly shown in Fig.3 is combined with fou.r
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frame 7. Upper ends of the leaf Lﬂ%&-w—%ﬂed to the
end portions 7a of the upper movable frame 7. The lower
ends of leaf springs 9 are fixed to the end portions 8a
of the lower movable frame 8. The end portions 7a and 8a
are in alignment with each other in the vertical
direction.

A vertical drive electro-magnet 11 is fixed at the
central part of a stationary frame 10, f‘acing to a
central portion of the upper movable frame 7. A vertical
movable core 13 is fixed to the lower side of the upper
movable frame 7, facing to the vertical drive
electro-magnet 11. A pair of horizontal drive
electro-magnets 1l4a and 14b are fixed to side wall
portions of the stationary frame 10 at both sides of the
vertical drive electro-magnet 11. Electro-magnetic coils
15a and 15b are wound on the electro-magnet 1l4a and 14b.
Horizontal movable cores 1l6a and 16b are fixed to the
lower side of the upper movable frame 7, facing to the
horizontal drive electro-magnets 14a and 14Db,
respectively.

Four leg pcz.'tions 17 are formed integrally with the
stationary frame 10. The stationary frame 10 is supported
through the leg portions 17 and vibration-absorbing
rubbers 18 on the flour. Spring fixing portions 17a
are formed integrally with the leg portions 17 as shown
in Fig.3. Leaf springs 19 are fixed to the spring fixing
portions 17a as shown in the manner in Fig.3. Both ends of
the leaf springs 19 for the vertical drive are fixed to
the spring fixing portions 17a by bolts B. The leaf

springs 19 consist .0of two leaf spring elements which are
' o -
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superimposed through spacers 20 on each other. The
-central parts of the leaf springs 19 are fixed to the
lower movable frame 8 by bolts B'.

In the above described arrangement, the horizontal
drive electro-magnets 14a, 14b correspond to a first
vibratory exciter for generating a horizontal exciting
force. A first vibratory system to be driven by the
horizontal electro-magnets 1l4a, 14b consists of the bowl
2, the 1leaf springs 9, the movable cores 1l6a and 16D,
etc.. The electro-magnet 11 correspond to a second
vibratory exciter for generating a vertical exciting
force. It consists of the bowl 2, the leaf springs
19, movable core 13, etc..

Generally, drive currents of the same frequency as
the resonant frequency of the first (horizontal)
vibratory system or nearly to the said resonant frequency
are supplied to the electro-magnets 1l4a, 14b and 11.
Thus, the bowl 2 is vibrated at the resonant frequency
Oor nearly at the frequency £, in the horizontal
direction. The resonant £frequency £, of the second
(vertical) vibrat—:ory system in the vertical direction is
usually higher by a few percentages than the horizontal
resonant frequency £,. As shown in Fig.4, the phase
difference between the force and vibrational displacement
is equal to 90 degrees in the horizontal direction. That
is clear from the vibration technology. The bowl 2 is
vibrated at a different phase difference in the wvertical
direction. Thus, the bowl 2 is elliptically vibrated by
the phase differences. The optimum phase difference

between the vibrational displacement in the vertical and
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horizontal directions is theoretically equal to 60
degrees. In that case, the parts to be handled can be
transported at the maximum transport speed on the track
of the bowl 2. Accordingly, the phase difference is set
to 90 degrees between the horizontal and vertical
exciting forces. Ih other words, as clearly £from Fig.4,
the resonant frequency in the vertical direction is equal
to £, and so the vertical vibration occurs behind the
vertical vibration force by the phase of 150 degrees.

As clear from the vibration technology, when a
vibratory system is driven at the resonant £frequency,
a little change of the load of the parts in the bowl 2
and a 1little fluctuation of the power source cause to
change the resonant £frequency of the vibratory system.
Accordingly, even when the bowl is vibrated at the
horizontal resonant frequency £, and at the phase
difference 90 degrees between the force and the
displacement under no-load, the phase difference is
varied with thé fluctuation of the power source and the
load of the parts. Accordingly, although the phasé
difference in the vertical direction changes 1little, it
varies much in the horizontal direction. As the result,
the phase difference between the vertical and horizontal
vibrational displacements does not become equal to 60
degrees. Thus, the optimum vibrational condition cannot

be obtained for the bowl 2.

SUMMARY OF THE INVENTION

Accordingly, it is an object of this invention to
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provide an elliptical vibfatory apparatus which can
maintain securely the optimum phase difference between
the horizontal and vertical directions even when the
power source fluctuates and the load of the parts varies
with time.

In accordance with an aspect of this invention, an
elliptical vibratory apparatus comprising :
() a first controller which includes at 1least a first
phase shifter, a first high-gain amplifier and a first
saturating element ;
(B) a first power amplifier for amplifying an output of
said first controller ;
(C) a first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;
{D) a first wvibrational system of an elliptical vibratory
machine, receiving said first vibrational force;
(E) first wvibrational displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said first direction:
({F) a second coﬁtrqller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;
(G) a second power amplifier for amplifyihg an output of
said second controller ;
(H) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrational force in a second direction;
(I) a second vibrational system of said elliptical

vibratory machine, receiving said second vibrational
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force;

(J) second vibrational displacement detecting means for
detecting another vibrational displacement of said
movable part of said elliptical vibratory machine in said
second direction;
(K) a closed loop being formed by said first controller
said first  power amplifier said first vibratory exciter
said first vibrational system said first vibrational
displacement detecting means said second controller said
second power amplifier said second vibratory exciter said
second vibrational system and said second vibrational
displacement detecting means the output of said second
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop ;
wherein shift angles of said first and second phase
shifters are so predetermined that there is a phase
difference of 180 degrees between the output terminal - of
said second vibrational displacement detecting means and
the input terminal of said first controller, when these
terminals are <cut off from each other, and a
predetermined phése difference can be obtained between
said vibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first vibratory system
being self-excitedly vibrated at its resonant frequency
and said second vibratory system being self-excitedly
vibrated.

In accordance with another aspect of this invention,
an elliptical vibratory apparatus comprising :

(A) a first controller which includes at least a first
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phase shifter, a first high-gain amplifier anaJ.a first
saturating element ;

(B) a first power amplifier £for amplifying an output of
said first controller ;

(C) a first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;

(D) a first vibrational system of an elliptical vibratory
machine, receiving said first vibrational force;

(E) vibrational displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said first direction;
(F) a second controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;

(G) a second power amplifier for amplifying an output of
said second controller ;

(H) a second vibratory exciter receiving an output of
said second power amplifier £for generating a second
vibrational force in a second direction;

(1) a second " vibrational system of said elliptical
vibratory machine,- receiving said second vibrational
force; |

(dJ) a closed loop being formed by said first controller
said first power amplifier said first wvibratory exciter
said first vibrational system and said vibrational
displacement detecting means the output of said
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed 1loop ;

wherein shift angles of said first and second phase
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shiftérs are &o predetermined that there is a phase
difference of 180 degrees between the oufput terminal of
said vibrational displacement detecting means and the
input terminal of said first controller, when these
terminals are cut off from each  other, and a
predetermined phase difference can be obtained between
said vibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first vibratory
system being self-excitedly vibrated at its resonant
frequency and said second vibratory system being
self-excitedly vibrated.

. In accordance with a further aspect of this
invention, an elliptical vibratory apparatus comprising ;
(A) a variable frequency power source ;

(B) a first vibratory exciter for generating a first
vibrational force in the first direction, receiving an
output of said variable fregquency power source ;

(C) a first vibratory system o0f an elliptical vibratory
machine, receiving said £first vibrational force in said
first direction ;

(D) vibrational displacement detecting means for
detecting vibrational displacement of a movable part of
said elliptical vibratory apparatus in said first
direction ;

(E) a phase shifter for receiving an output of said
vibrational displacement detecting means ;

(F) a power amplifier receiving an output of said phase
shifter :

(G) a second vibratory exciter receiving an outpﬁt of
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said power amplifier for geneEaftng-ﬁr—1nnxnn¥—4ibrational

force in the second direction to a perpendicular to said
first direction ;

(H) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said the second
vibratory exciter, !wherein said first vibratory system

is driven at its resonant frequency with adjustment of

said variable frequency power source and the phase angle

of said phase shifter is so controlled that the movable
part of said elliptical vibratory machine can Dbe
vibrated at the optimum vibrational condition ;

In accordance with a still £further aspect of this
invention, an elliptical vibratory apparatus comprising :
(A) a first controller including at least a first phase
shifter a first high gain amplifier and a first
saturation element ;

(B) a first power amplifier for power-amplifying an
output of said first controller ;

(C) a first vibratory exciter receiving an output of said
first power amplifier for generating a first vibrational
force in a first direction ;

(D) a first wvibratory system of an elliptical vibratory
machine receiving said £first wvibrational force in the
first direction from said first vibratory exciter ;

(E) a first vibratory displacement detecting means 2 for
detecting the vibrational displacement of a movable part
of said elliptical vibratory machine in saigd First
direction ;

(F) a second controller including at least a second phase



REPLACEMENT sieeT REPLAGEMENT SHEET

2 G NOV 1996

10

shifter, -a second high gain —ampriffer—and—a second
saturation element ;

(G) a comparator, the output of said second controller
being supplied to one input terminal of said comparator:;

(H) a second power amplifier for power amplifying an
output of said comparator ;

(I) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular to
said first direction ;

(K) a second vibratory displacement detecting means £for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M) a phase compensator receiving an output of said
amplifier for compensating the phase lag of said second
vibratory exciter;

(N) ‘a first clOSed_loop consists being formed by said a
second power amplifier, said second vibratory exciter,
said second vibratory system, said second vibratory
displacement detecting means, said amplifier, said phase
compensator and said comparator to which the output of
said second vibratory displacement detecting means is
fed-back;

(O) a second closed loop being formed by said first
controller, said first power amplifier, said first

vibratory exciter, said first vibratory system, said
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first vibratory displacement detecting means, wherein
shift angles of saod forst and second phase shifters are
s0 predetermi'ned that there is a phase diffrence of 180
degrees Dbetweem the output terminal of said second
vibrational displacement detecting means and the input
terminal of said £first controller, when these terminals
are cut off from each o_ther, and a predetermined phase
difference can be obtained between said vibrational
displacements of the £first and second vibratory systems
for the optimum condition of said elliptical. vibratory
machine, said first and second wvibratory syétems being
self-excitedly vibrated at its resonant frequency.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller including at least a first phase
shifter a first high gain amplifier and a first
saturation element;
({B) a first power amplifiér for power—amplifying an
output of said first controller:
(C) a first vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;
(D) a €£irst vibratory system of an elliptical vibratory
machine receiving said £first vibrational force in the
first direction from said first vibratory e'xciter;
(E) a first vibratory displacement detecting means for
detecting the vibrational displacement of a movable part
of said elliptical vibratory machine in said first
direction;

(F) a second controller including at least a second phase
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shifter, a second high gain —=mptifier—and—bh second
saturation element;

(G) a comparator, the output of said second controller
being supplied to one input terminal of said comparator;

(H) a second power amplifier for power-mplifying an
output of said comparator:

(I) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular
to said first direction;

(K) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L)Y an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M) a phase compensator receiving an output of said
amplifier for compensating the phase lag of said second
- vibratory exciter;

(N) a first closed loop being formed by said second power
amplifier, said seéond vibratory exciter, said second
vibratory system, said second vibratory displacement
detecting means, said amplifier, said phase compensator
and said comparator to which the output of said second
vibratory displacement detecting means is fed-back;

(O) a second closed 1loop being formed by said first
controller, said first power amplifier, said first
vibratory exciter, said first vibratory systen, said

first wvibratory displacement detecting means, said
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second controller, said comparator, said second power
amplifier, said second vibratory exciter and said second
vibratory displacement detecting means, the output of
said second vibratory displacement detecting means being
fed-back negatively to said £first controller, wherein
shift angles of said first and second phase shifters are
so predetermined that there is a phase.difference of 180
degrees between the = output terminal of said second
vibrational displacement detecting means and the input
terminal of said first controller, when these terminals
are cut off from each other, and a predetermined phase
difference can be obtained between said vibrational
displacements of the first and second vibratory systems
for the optimum condition of said elliptical vibratory
machine, said first and second vibratory systems being
self-excitedly vibrated at its resonant frequency.

In accordance with a still further aspect of this
invention, an ellibtical vibratory apparatus comprising:
(A) a variable fregquency power source;
(B) a first - vibratory exciter for generating a first
vibrational £force in the first direction, receiving an
output of said variable frequency power source;
(C) a first vibratory system of an elliptical vibratory
machine, receiving said first vibrational force in said
first direction;
(D) first wvibrational displacement detecting means for
detecting vibrational displacement of a movable part of
said elliptical vibratory apparatus in said first
direction;

(E) a phase shifter for receiving an output of said
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first vibrational displacement.detecting means;

(F) a comparator to which an output of said shifter is
supplied at one input terminal;

(G) a power amplifier receiving an output of said
comparator;

(H) a second vibratory exciter receiving an output of
said power amplifier for generating a second vibrational
force in the second direction to a perpendicular to said
first direction;

(1) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said second vibratory
exciter; |

(J) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(K) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(L) a phase compensator receiving an output of said
amplifier for compensating the phase lag of said second
vibratory exciter;

(M) a closed loop being formed by said power amplifier,
said second vibratory exciter, said second vibratory
system, said second vibratory displacement detecting
means, said amplifier, said phase compensator and said
comparator to which the output of said second vibratory

displacement detecting means is negatively fed-back:;
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wherein said first and second vibratory systems are
driven at the resonant frequency with adjustment of said
variable frequency power source and the phase angle of
said phase shifter is so controlled that the movable
part of said elliptical vibratory machine can be
vibrated at the optimum vibrational condition ;

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller including at 1least a first phase
shifter a first high gain amplifier and a first
saturation element ;
(B) a first power amplifier <for power-amplifying an
output of said first controller ;
(C) a first vibratory exciter receiving an output of said
first power amplifier for generating a first wvibrational
force in a first direction ;
(D) a first vibratory system of an elliptical vibratory
machine receiving said first vibrational force in the
first direction from said first vibratory exciter;
(E) a first vibratory displacement detecting means for
aetecting the vibrational displacement of a movable part
of said ellipticai vibratory machine in said first
direction;
(F) a second controller including at least a second phase
shifter, a second high gain amplifier and a second
saturation element;
(G) a prefilter receiving an output of said second
controller;
(H) a second power amplifier for power-amplifying an

output of said prefilter;
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(I) a second vibratory excites—zeceiving an {output of

said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular to
said first direction;

(J) a second vibratory system of said ellptical vibratory
machine receiving said second vibrafional force in the
second vibrational €force in the decond direction £from
said second.vibratory exciter.

(K) a second vibratory displacement detecting means for
second direction from said second vibratory exciter
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory exciter,
said first vibratory system, said first vibratory
displacement detecting means, said second controller,said
prefilter, said second power amplifier, said second
vibratory exciter and said second vibratory displacement
detecting means, the output of said second vibratory
displasement detgcting means being fed-back negatively to
said first controller,wherein said prefilter consists of
a notch filter for cutting the resonant frequency
componenf and a band-pass filter for amplifying the
frequency component higher by a few percentages than
said resonant frequency, and shift angles of said £first
and second phase shifters are so predetermined that there
is a phase difference of 180 degrees between the output
terminal of said second vibrational displacement

detecting means and the input terminal of said £first
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controller, when these terminals are cut off from each
other, and a predetermined phase difference can be
obtained between said vibrational displacements of the
first and second vibratory systems for the optimum
condition of said_ elliptical vibratory machine, said
first and second vibratory systems being self-excitedly
vibrated at the resonant frequency.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:
(A) a first controller including at least a first phase
shifter a first high gain amplifier and a first
saturation element;
{(B) a first power amplifier for power-amplifying an
output of said first controller;
(C) a €irst vibratory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction;
(D) a first vibratory system of an elliptical vibratory
machine receiving said first wvibrational force in the
first direction from said first vibratory exciter;
(E) a vibratory displacement detecting means for
detecting the vibrational displacement of a movable part
of said elliptical vibratory machine in said first
direction;
(F) a second controller including at least a second
Phase shifter, a second high gain amplifier and a second
saturation element;
(G) a prefilter receiving an output of said second
controller;

(H) a second power amplifier for power-amplifying an
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output of said prefilter;

(I) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force in a second direction perpendicular
to said first direction; _

(J) a second vibratory system of said ellptical vibratory
machine receiving said second vibrational force in the
second direction form said second vibratory exciter.

(L) a closed loop being formed by said first controller,
said first power amplifier, said first vibratory
exciter, said first vibratory system, said wvibratory
displacement detecting means, the output of said second
vibratofy displacement detecting means Dbeing fed-back
negatively to said first controller,wherein said
prefilter consists of a notch filter for cutting the
resonant frequency compornent and a band-pass filter for
amplifying the frequency component higher by a few'
percentages than said resonant frequency,' and shift
angles of said first and second phase shifters are so
predetermined that there is a phase difference of 180
degrees between 'the output terminal _of said wvibrational
displacemént detecting means and the input terminal of
said first controller, when these terminals are cut off
from each other, and a predetermined phase difference can
be obtained between said vibrational displacements of the
first and second vibratory systems for the optimum
condition of said elliptical vibratory machine, said
first and second vibratory systems being self-excitedly
vibrated at the resonant frequency.

In accordance with a still further aspect of this
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invention, an eiliptical vibratory apparatus comprising:

(A) a variable frequency power source;

{(B) a first vibratory exciter for generating a
firstvibrational force in the first direction, receiving
an output of said variable frequency power source;

(C) a first vibratory system of an elliptical vibratory
machine, receiving said first vibrational force in said
first direction;

(D) vibrational displacement detecting means for

detecting vibrational displacement of a movable part of

said elliptical vibratory apparatus in said first
direction:
(E) a phase shifter for receiving an output of said

first vibrational displacement detecting means;

(F) a prefilter

(G) a power amplifier receiving an output of said
prefilter;

(H) a second vibratory exciter ‘receiving an ~output of
said power amplifier for generating a second vibrational
force in the second direction to a perpendicular to said
first direction; °

(1) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in ;aid second direction from said second vibratory

exciter;

wherein said first and second vibratory systems are
driven at the resonant frequency with adjustment of said
variable frequency power source and the phase angle of

said phase shifter is so controlled that the movable
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part of said elliptical VibTatory —machine can be

vibrated at the optimum vibrational condition;

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising;
() a controller receiving vibration instruction;
(B) a comparator which is connected to said controller at
its one input terminal;
(C) a power amplifier connected to an oﬁtput tgrminal of
said comparator;
(D) a vibratory exciter;
(E) a mechanical vibrational system receiving the
vibrational force of said vibratory exciter;
(F) a vibration detecting means arranged adjacent to or
attached to said mechanical vibrational system;
(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving the output of
said vibration detecting means;
(H) a phase compensator receiving the output of said
amplifier and compensating the phase lag of said
vibratory exciter;
({I) a first closed loop being formed by said comparator,
said power amplifier, said vibratory exciter, said
mechanical wvibrational system, said vibration detecting
means, said amplifier and said phase compensator in which
the output of said vibration detecting means is
negatively fed-back to another input terminal of said
comparator:
(J) a second closed loop being formed by said vibration
detecting means, said controller,said comparator, said

amplifier, said vibratory exciter and said mechanical
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vibration system, in which the output of said vibration
detecting means are negatively fed~back. to said
controller, wherein a self-excited vibration is obtained
and an electrical or imaginary resonant frequency of the
mechanical vibration system is rised by a frequency
corresponding to said imaginary. spring constant by the
gain of said amplifier.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising:;
(A) a controller receiving vibration instruction;
(B) a comparator which is connected to said controller at
its one input terminal;
(C) a power amplifier connected to an output terminal of
said comparator;
{D) a vibratory exciter;
(E) a mechanical vibrational system receiving the
vibrational force of said vibratory exciter:
(F) a vibration detecting means arranged adjacent to or
attached to said mechanical vibrational system;
(G) an amplifier having a gain corresponding to an
imaginary spriné constant and receiving the output of
said vibration detecting means;
(H) a phase compensator receiving the output of said
amplifier and compensating the phase lag of said
vibratory exciter; |
(I) a closed loop being formed by said comparator, said
power amplifier, said vibratory exciter, said mechanical
vibrational system, said vibration detecting means, said
amplifier and said phase compensator in which the output

of said vibration detecting means is negatively fed-back
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to another input terminal of said comparator;
wherein a power source is connected to said controller
to vibrate enforcedly said < mechanical vibration system
and an electrical or imaginary resonant frequency of the
mechanical vibration system is rised by a frequency
corresponding to said imaginary spring constant by the
gain of said amplifier.

In acéordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising;
{A) a first controller;
(B) a first power amplifier;
(C) a first vibratory exciter;
{D) a first mechanical vibration system:
(E) a first vibration detecting means arranged adjacent
to or, attached to said first mechanical vibration system,
(F) a second controller receiving the detected output of
said first vibration detecting means,
(G) a comparator
(H) a second power amplifier;
(I) a second mechanical vibratory system;
(J) a second viﬁration detecting means arranged adjacent
to or, attached to said second mechanical vibration
system;
(K) a first closed 1lcop been formed by said first
controller, said first power amplifier, said first
vibratory exciter, said mechanical vibratory system, said
first wvibration detecting mean, said second controller,
said comparator, said second power amplifier, said
mechanical vibration system, said second vibration

detecting means in which the detected output of said
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second vibration detecting means—are Tmegattvely- fed-back
to said first controller, said first mechanical vibration
system being self-excitedly vibrated and said second
mechanical vibrational system being enforcedly vibrated;
(L) an amplifier receiving the output of said second
vibration detecting means having a gain corresponcding to
an imaginarf spring constant.
(M) a phase compensator for compensating the phase lag
of said second vibratory exciter, receiving the output of
said amplifier;
(N) a second closed loop being formed by said second
vibrational detecting mean, said phase comparator and
said comparator, second power amplifier, said second
mechanical vibratory system in which the output of said
phase compensation is negatively fed-back to said
comparator, wherein the electrical (imaginary) resonant
frequency o0f said second mechanical vibration system is
raised' by a frequency component corresponding to said
imaginary spring constant.

In accordance with a still further aspect of this
invention, an elliptical vibratory apparatus comprising;
(A) a first controller connected to a first electric
power source;
(B) a first power amplifier;
(C) a first vibratory exciter:
(D) a first mechanical vibration system;
(E) a second' controller connected to a second electric
power source which is shifted in phase by a predetermined

phase angle from said first electric power source:

(F) a comparator;
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(G) a second power amplifier;

(H) a second vibratory exciter;

(I) a second mechanical vibration system;

(J) a wvibration detectiﬁg means arranged adjacent to
or attached to said second mechanical vibration system;

(K) an amplifier having a gain corresponding to a
imagin;ry spring constant;

(L) a phase compensator, receiving the output of said
amplifier and compensating a phase lag of said second
vibratory exciter;

{M} a closed loop being formed.by said vibration detecting
means, said amplifier, said phase compensator and said
comparator in which the output of said phase compensator
or 'is negatively fed~back to said comparator, and the
electrical (imaginary) resonant £requency of <the second
mechanical vibration system is raised by a £frequency
corresponding to said gain of the amplifier.

In accordance with a still further aspect of this
invention, in an elliptical vibratory system, apparatus
comprising;

(A} a power amplifier receiving vibrational instruction;

(B) a vibratory exciter receiving the output of said power
amplifier and;

(C) a mechanical vibration system receiving the
vibrational force from said vibratory exciter, said
vibrational instruction is supplied through a prefilter
to said power amplifier, said prefilter consisting of a
notch filter for cutting the resonant frequency component

of said mechanical vibration system and the band-pass
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few percentages than the actual reésonant treguency of said
the mechanical vibration system.
The foregoing and other objects, features, and

advantages of the present invention will be more readily
understood upon consideration of the £following detailed
descriptien of the prreferred embodiments , of the
invention, .taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.l1 is a cross-sectional view of a vibratory
parts-feeder of the Prior Art.

Fig.2 is a plan view, taken along the 1line on- 1
in Fig.1l '

Fig.3 is a bottom view of the above Prior Art.

Fig.4 is a chart for explaining the operation of the
Prior Art. ‘

Fig.5 is a block diagram of an elliptical wvibratory
apparatus according to a first embodiment of this
invention. '

Fig.6 is a block diagram of the details of the first
embodiment.

Fig.7 is a block diagram of an elliptical vibratory
apparatus according to a second of embodiment of this
embodiment.

Fig.8 is a block diagram of the detail of the second
embodiment.

Fig.9 is a block diagram of an elliptical vibratory

apparatus according to a thirxrd embodiment of this
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invention.

Fig.l0 is a block diagram of an elliptical vibratory
apparatus according to fourth embodiment of this
invention.

Fig.ll is a block diagram of the detail of the fourth
embodiment.

Fig.1l2 is a hiock diagram of an important part of the

fourth embodiment.

Fig.1l3 is a Dblock diagram of an elliptical
apparatus according to a £fifth embodiment
invention.

Fig.14 is a block diagram of the detail of
embodiment.

Fig.1l5 is a block diagram of an elliptical

vibratory
of this
the £ifth

vibratory
of this
vibratory
of this
vibratory
of this

vibratory

of this

apparatus according to a sixth embodiment
invention.

Fig.1l6 is block diagram of an elliptical
apparatus according t0 a seventh embodiment
invention.

Fig.17 is a block diagram of an elliptical
apparatus accorciing to an eighth embodiment
invention.

Fig.18 is a block diagram of an elliptical
apparatus according to a ninth embodiment
invention.

Fig.19 is a chart for explaining operation of the

ninth embodiments.’

Fig.20 is a block diagram of an important part of an

elliptical vibratory apparatus according to

embodiment of this invention.

a tenth

REPLACEMENT SHEET
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Fig.21 is a block diagrami-ef—the—details o0f the tenth

embodiment.

Fig.22 are charts for explaining the operation of _the
tenth embodiment, A and B, wave forms of the horizontal
and vertical vibration signals. C and D, wave forms
rectified from the waves shown in A and B.

Fig.23 'is a éhart for explaining the operation of the

tenth embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, elliptical wvibrational apparatus according to
embodiments of this invention will be described with
reference to the drawings.

Fig.5 shows an elliptical vibratory apparatus -
according to a first embodiment of this invention. It is
generally denoted by a reference numeral 31. A vibration
displacement of a horizontal vibratorylsystem or a first
vibratory system 32 is detected by a first vibration
detector 33 and an output terminal of the first wvibration
detector 33 is .con'nected to a wvertical vibratory systém
37 through a vertical or second controller 34, a second -
power amplifier 35 and a second (vertiéal) vibration
exciter 36. A vibratory displacement in the vertical
direction is detected by a second vibration detector 38
and it is supplied to a horizontal (first) controller 39
and then through a first power amplifier 40 and
horizontal (first) vibration exciter 41 to the horizontal
vibratory system 32. The output of the £first wvibration

detector 33 is supplied directly to the second controller
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34, while the output of the horizontal (second) vibration
detector 38 is negatively fed~-back to the first
controller 39.

Fig.6 shows the detail of the first embodiment. Parts
which correspond to those in Fig.5, are denoted by the
same reference numerals.

The £first cdntroller 39 consists of a first phase
shifter 42, a first high gain amplifier 43 and a €first
limiter for adjustment of an amplitude, {saturation
element) 44. The output of the first controller 39 is
supplied to the power amplifier 40, the amplified output
is supplied to an electro-magnet 41 as the first
vibratory exciter 41. The -pha'se difference between the
current and force is equal to an angle corresponding to a
lag element of 1/(s+a,), in the electro-magnet 41. The
first vibratory system is vibrated by the output of the
electro-magnet 41. The first vibratory system is
represented by a characteristic equation, (m,s2 + ¢,8 +
k, = 0). Where m, represents mass of the bowl, ¢,
represents a viscous coefficient and k, represents a
spring constant :in the horizontal direction.

The vibrational displacement in the horizontal
direction is .detected by the horizontal vibration
detector 33 and the detected output is supplied to the
second controller 34. It consists of a second phase
shifter 45, a second high gain amplifier 46 and a second
limiter for adjustment of the amplitude (saturation
limiter 47) as in the first controller 39. The output of
the second controller 34 is supplied to the power

amplifier 35 and the amplified output is supplied to a
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vertical electro-magnet 36 as the —second— vibration
exciter. It has a lag element of 1/(s+a.). The phase lag
of 90 degrees occurs in the same manner as the first
vibration exciter or horizontal electro-magnet 41. The
vertical vibratory system 37 is wvibrated Dby the
electro-magnet 36. The vibratory displacement of the
vibratory system 37 ié detected by the vibration detector
38 and the output is supplied to the first controller 39
as a negative feedback signal.

According to this embodiment, one of the vibratory
systems 32 and 37 is vibrated at the resonant £frequency
and another of them is vibrated at a frequency distant
from the resonant frequency. The phase difference
between the force and the displacement is equal to 90
degrees in the resonant vibration and the phase
difference is nearly equal to zero in the vertical
vibration system which is vibrated at the fregquency
distant from the resonant £requency. As above described,
the electro-magnets 36 and 41 as the vibration exciters
have the phase lag of 90 degrees. The advance phase a is
equal to 60 degrees in the £first phase shifter 42
according to this embodiment. The advance phase § is
equal to 30 degrees in the second phase shifter 45. There
is the phase difference of 120 degrees between the input
side of the first phase shifter 42 and the output side of
the horizontal vibratory éystem 32.

And there is the phase difference of 60 degrees between
the output side of the horizontal wvibration detector 33
or the input side of the second phase shifter 45 and the

output side of the second vibratory system 37.
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Accordingly, when the input side of . the first controller
39 is cut out from the output side of the wvibration
detector 38, there is the phase difference of 180 degrees
between the sides. Thus, the vibratory systems can be
self-excitedly vibrated.

There have been described the constructions of the
elliptical .vibratory apparatus of the first embodiment
of this invention. Next operations will be described.

Although not shown, a DC power source is connected
through electric switches to the power amplifiers 35 and
40. By tuming on the electric switches, the power
amplifiers 35 and 40 are put into the operative
condition. In the closed loop as shown in Fig.6, the
output of the wvertical vibration detector 38 is
negatively fed-back to the first controller 39. When the
input side of the first controller 39 is cut off from the
output side of the vertical displacement detector 38,
there is the phase difference of 180 degrees. Accordingly
the wvibratory systems can be self-excitedly wvibrated.
Thus, the horizontal vibratory system can be vibrated at
the resonant frequency. The horizontal vibrational
displacement is detected by the vibration detector 33 and
the detecting output is supplied to the second
controller 34 and is amplified by the second amplifier
35. The amplified output is supplied into the wvertical
electro-magnet 36. Accordingly, the wvertical vibratory
system 37 is self-excitedly vibrated, however the
vibration frequency is distant from the horizontal
resonant frequency Dby a few percentage. Since the

horizontal vibratory system 32 is vibrated at the
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resonant frequency, the phase differénce between the
force and the displacement is maintained at 90 degrees.
Further, +the phase 1lag of the electro-magnet 41 is
maintained at 90 degrees. The phase difference between
the vibrations in. the horizontal direction and vertical
direction is maintained stably at the angle of 60
degrees. Accordingly, the bowl can be  elliptically
vibrated under the optimum condition. The parts to be
handled, can be transported along the spiral track at the
maximum transport speed in the bowl. Even when the
voltage and frequency of commercial power supply
fluctuate and the load of the parts in the bowl changes,
the horizontal vibratory system can be self-excitedly
oscillated or vibrated at the resonant frequency. The
phase difference between the force and displacement is at
the angle of 90 degrees. In the Prior Art, even when the
drive frequency of the vibratory system is shifted a
little, the phase difference varies much from 90 degrees.
According to this embodiment, the change is 1little.
Accordingly, the optimum condition can be stably
maintained. -

Although not-shown, amplitude controllers receiving
the output of the horizontal vibration displacement
detector 33 and the output of the vertical wvibration
detector 38 are connected to the 1limiters 44 and 47.
The not-shown amplitude controllers include comparators,
respectively. Predetermined amplitude voltages are
applied to one input terminals of the comparator, and
the outputs of the vibrational displacement detectors 33

and 38 are connected to other input terminals of the
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comparators. In accordance with the difference, the
amplitude adjustment limiters 44 and 47 are
automatically adjusted. Accordingly, the amplitudes in
the horizontal and vertical <directions can be maintained
at constants respgctively. As the result, an elliptical
vibration having constant longer axis and shorter axis
can be imparted to the bowl.

Fig.7 and Fig 8 show an elliptical vibratory
apparatus according to a second embodiment of this
invention. It is generally denoted by a reference numeral
51. Parts which correspond to those in the above
embodiment, are denoted by the same reference numerals,
the description of which will be omitted.

According to this embodiment, a closed loop is formed
only in the horizontal vibratory system. The output of
the horizontal vibrational detector 33 is negatively

" fed-back to the first controller 52 and is also supplied
to the second (vertical) controller 53.

Fig.8 shows the detail of the elliptical vibratory
apparatus 51 according to this embodiment. The above
embodiment and this embodiment are different £rom each
other in the controllers 52 and 53. The controllers 52
and 53 consist of the phase shifters 55 and 58, high
gain amplifiers 56 and 59 and amplitude adjustment
limiters 57 and 60, respectably. A set phase difference
is equal to zero in the first phase shifter 55, while
another set phase difference B8 1is equal to 30 degrees
in the second phase shifter 58. When the horizontal
vibration detector 33 is cut off from the first

controller 52, there is the phase difference of 180
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degrees between the cut terminals. and fhé phase
difference between the output of the second vibratory
system 37 and the input of the second controller 53 is
egqual to an angle of 60 degrees.

There have been described the constructions of the
elliptical vibratory apparatus according to the second
embodiment of this invention. Next, operations will be
described.

In this embodiment, the .closed .loop is formed only in
the horizontal vibratory system. There is the phase
difference of 180 degrees between the horizontal
vibratory system 32 in the resonant £requency and the
first controller 52. DC power sources are connected to
the power amplifiers 35 and 40 through the not-shown
electric switches. The horizontal vibratory system 32 is
self-excitedly wvibrated at +the resonant frequency. And
the vertical vibratory system 37 is enforcedly vibrated.
The phase difference between the force and the
displacement in the horizontal vibratory system, in the
resonant condition, can be maintained at 90 degrees. Even
when the drive f.req-uency of the enforced vibration varies
a little, the phase difference between the amplitude and
the force change little. Accordingly, the phase
difference can be maintained at 60 degrees between the
vertical and horizontal vibrations. Accordingly, the
optimum elliptical vibration can be obtained.

Fig.9 shows an elliptical vibratory apparatus
according to a third embodiment of this invention. It is
generally denoted by a reference numeral 61. An output of

a variable frequency power source 62 is supplied to a
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'first controller 63. Output isWirst power

amplifier 64 and the amplified output is supplied to an

electro-magnet 65 as an electric-vibratory exciter. Thus,
a horizontal vibratory system 66 is vibrated in the same
manner as in the above embodiments. The horizontal
vibrational displacement of the wvibratory system 66 is
detected by a vibration detector 67 and the detected
output is supplied to a second controller 68 for the
vertical vibration. The controlled output is supplied
through a second power "amplifier 69 to an electro-magnet
70 as a vibratory exciter. Thus, a second vibratory
system 71 is vibrated. The shift phase angle in the
second controller 68 is equal to 60 degrees.
Accordingly, although the vibratory system 66 is
vibrated at the resonant f_requency by adjusting the
variable f_requency power source 62, the vibratory system
71 is vertically vibrated with a phase difference of 60
degree. Accordingly, when the variable fregquency power
source 62 is accurately adjusted, the horizontal
vibratory system 66 is surely vibrated at the resonant
frequency and th;a phase difference of 60 degrees can be
securely maintained between vertical and horizontal
vibratory systems 66 and 71. Thus, the optimum
elliptical vibration can be obtained.

The controllers 63 and 68 do not include any
saturation elements in contrast to the first and second
embodiments. The output of the wvibration detector 67 is
supplied to a not-shown amplitude controller and the
output is compared with a predetermined amplitude in the

not-shown amplitude controller. The comparison result is
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supplied to the controller 63 ~and—so—a—ciosed loop for
constant amplitude is formed. The horizontal amplitude
can be constant. In Fig.9, there is not provided a
vertical _vibrational detecting means, however it may be
arranged for obtaining a predetermined amplitude in the

vertical direction.

Next, an elliptical vibratory apparatus according to
a fourth embodiment of this invention will be described
with reference to Fig.1l0 to Fig.l2.

Fig.1l0 shows an elliptical vibratory apparatus
according to the fourth embodiment of this invention and
it is generally dencted by a reference numeral 131. A
vibrational displacement of a horizontal vibratory system
132 is detected by a vibration detector 133 and the
output is supplied through a second controller 234, a
comparator 200, a second power amplifier 135 and a second
vibration exciter 136 to a second vertical vibratory
system 137. A wvibrational displacement of the vertical
vibratory system 137 is detected by a vibration detector
138 and the ou.tput is supplied to a first horizontal
controller 139 and further the controlled output is
supplied through a first power amplifier 140 and a first
vibratory exciter 141 to a horizontal (first) vibratory
system 132. The output of the vibrational detector 133
is directly supplied to the second controller 234, while
the output of the vibration detector 138 is negatively
fed-back to the first controller 139.

According to this embodiment, the output of the

vertical wvibrational detector 138 is supplied also to a
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gainA k, amplifier 202. The output—is—supplted—through a
phase compensator 201 to the comparator 200 as a negative
signal. The output of the amplifier 202 is advanced by
the phase 1lag in the phase compensator 201 which
corresponds to the phase lag of the vibratory exciter
136. The Ak, and the phase compensation of the phase
compensator 201 will be hereafter in detail.

Fig.ll shows a block diagram of this embodiment and
parts which correspond to those in Fig.10, are denoted
by the same reference numerals.

The first controller 139 includes a €first phase
shifter 142, a first high gain amplifier 143 and a first
amplitude adjusting limiter 144 which is the séturation
element. The output of the £first controller 139 is
supplied to the first power amplifier 140. The amplified
output is supplied to an electro-magnet 141 as the
vibratory exciter. There is the phase difference of 90
degrees Dbetween the <current and the force in the
electro-magnet 141. It is a lag element of 1/(s+a;). The
horizontal vibratory system 132 is vibrated with the
output of the ialectro—magnet 141. The first wvibratory
system 132 is represented by a characteristic equation,
(m;ys? + c;8 + k, = 0). Where m represents a mass of
bowl, €, viscous coefficient k, a spring constant in the
horizontal direction. The vibration displacement 'of the
horizontal vibratory system 132 is detected by the
vibration detector 133 and the output is supplied to the
second controller 134. The second controller 134 includes
the phase shifter 145, the high gain amplifier 146 and the

amplitude adjustment limiter 147 which is the saturation
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element. The output is supplied to the comparater 200 and
the comparison result is supplied to the power amplifier
135. The amplified output is supplied to the vertical
electro~-magnet 136. It corresponds to a lag element,
1/(s+a:). The phase lag of 90 degrees occurs in the
vertical electro-magnet 136. The vertical vibratory
system 137 is vibrated with the output of the vertical
electro-magnet 136. The vibrational displacement of the
vertical vibratory system 137 is detected by the
vibrational displacement detector 138 and the detected
output 2 is negatively fed-back to the first controller
138. |

According to this embodiment, the output of the
vertical vibrational displacement detector 138 is
supplied also to the gain amplifier 202 having a gain A
K,. The vertical vibratory system 137 is represented by 2
characteristic equation, (m;s®+c,s + k, = 0). The value
of the gain A k, is so designed as to be larger by a few
percentages than the spring constant A k,. Next, the
detail of the vertical vibratory system 137 will be
described.

As shown in Fig.l2, the acceleration, dx*/ dtz of the
movable part M which is a bowl in the vibratory parts
feeder, is obtained by dividing the force applied to the
movable part M by m which is the mass of the movable part
M and then, the Laplace transformer s is multiplied with
the aéceleration, dx? /a2 . Accordingly, the. velocity
"dx/dt" is obtained. The viscous coefficient ¢ is
multiplied with the wvalue, dx/dt. Thus, a resisting

force against the movable part M can be obtained. It 1is



2 O NOV 1996

38

negatively fed-back to the movable part M. The Laplace
transformer, 1/s is multiplied with the detected d4dx/dt
and so a displacement, x 1is calculated. A spring
constant k is multiplied with the displacement x. The
resisting force kx by the spring force is negatively

fed-back to the movable part M.

As cléar from the vibrational technology, the
resonant frequency is proportional to J ke /m, . According

to this embodiment, the value k. is electrically
- converted. In other words, the gain A k; corresponds to
the spring constant k.. Accordingly, the resonant
frequency of the vertical vibration system 137 is
electrically raised by a few percentages. The
electro-magnet 136 makes the phase lag. The phase advance
element of (s+a;)/(s+b;) (bz>a;) is connected to the

circuit for compensating the phase lag of the

electro-magnet 136 and it is negatively fed-back to the -

compafator 200.

According to this embodiment, the wvibratory systems
132 and 137 are self-excitedly oscillated and so the
phase difference between the force and displacement is
equal to 90 degrees. The force to the vertical vibratory
system 138 lags by a predetermined phase angle behind the
horizontal vibratory system 133. As above described, the
phase 1lags of the electro-magnets 136 and 141 as the
vibratory exciters are equal to 90 degrees. The phase is
advanced by 60 degrees in the first phase shifter 142. On
the other hand, the phase is advanced by 30 degrees in
the second phase shifter 145. There is the phase

difference of 120 degrees between the input side of the
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first phase shifter 142 and-—the output side of the
horizontal vibratory system 132. And there is the phase
difference of 60 degrees between the output of the
horizontal vibration detector 133 or the input side of
the second phase shifter 145 and the output of the
second vibratory system 137. Accordingly, when the input
side of the first controller 139 and the output side of
the vibration detector 138 for the wvertical vibratory
system is cut off, there is the phase difference of 180
degrees between both sides. Thus, the horizontal and
vertical vibratory system 132 and 137 can be
self-excitedly oscillated.

There has been described construction of the
elliptical vibratory system according to the fourth
embodiment of this invention. Next operation will be
described.

Although not shown, electric switches are connected
to the power amplifiers 135 and 140. With the closing of
the electric switches, the power amplifiers 135 and 140
are put into the operative condition. In the closed loop
as shown in Fig.'ll,_ the output of the vibration detector
138 of the vertical vibratory system 137 is negatively
fed-back to t.he first controller 139. Accordingly, when
the closed loop is cut off, there is the phase difference
of 180 degrees between both of the terminals. Thus, the
horizontal and vertical vibratory systems 132 and 137 can
be self-excitedly vibrated at the resonant frequency. As
the wvibrational displacement of the horizontal wvibratory
system 132 is detected by the vibration detector 133 and

the detected output is supplied through the. second
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controller 134, the comparator jWMplifier

135 to the vert_ica'l electro-magnet 136. The vertical

vibratory system 137 is driven with the output of the
vertical electro-magnet 136. On the other hand, the
horizontal vibratory system 132 is self-excitedly
oscillated at the resonant £frequency. Accordingly, the
phase difference between the force and displacement can
be maintained at 90 degrees. The phase 1lag of the
electro~magnet 141 is maintained at 90 degrees.
Accordingly, the phase difference between the horizontal
and vertical vibrations can be maintained at 60 degrees.
According to this invention, the characteristic
equation of the .vertical vibratory system 137 is
represented as the equation (m.s®*+ c,s + k; = 0) in
Fig.11. The gain Ak, of the amplifier 202 is equal to
the valve higher than by few percentages the mechanical.
spring constant in the vertical vibratory systems 137.
The output detected by the wvibrational displacement
detector 138 is amplified by the gain amplifier 202 and
it is supplied through the phase compensator 201 to the
comparator 200. The phase lag is compensated in the phase
compensator 201, which corresponds to the phase lag of the
vertical electro-magnet 136. Thus, the mechanical
resonant frequency of the vertical vibratory system 137
is not changed, however, the electrical resonant
frequency rises up by few percentages corresponding to
A k.. Accordingly, even when the voltage of the power
source fluctuates, and the viscous coefficient and spring
constant of the vibratory system 137 change, by which the

mechanical resonant frequency of vibratory system
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changes, the phase difference -between—the—ver¥ical and
horizontal displacements does not change. When the
negative feedback loop is not provided as in the Prior
Art, the phasé difference between the force and the
displacement is muéh shifted from the i:hase differencexn
/2, and so the set phase difference between the
horizontal and vertical vibrations is shifted much from
the set value of 60 degrees. However, according to this
invention, since the electric (imaginary) resonant
frequency is higher by a' few percentages than the
mechanical resonant frequency, the phase difference
varies little. Accordingly, the phase difference between
the horizontal and vertical vibrations can be stably
maintained at the angle of 60 degrees. Thus, the bowl can
be always vibrated under the optimum condition.

In the optimum condition of the howl,. the parts can
be transported along the spiral track of the bowl at the
maximum transport speed. Even when the power source
fluctuates or the 1load of thé parts varies, the
horizontal vibratory system can be always vibrated at the
resonant freque;'xcy, The phase difference can be
maintained at 90 degrees between the force (current) and
the displacement. In the Prior Art, when the drive
frequency of the vibratory system is even a little
shifted from the resonant point, the phase difference is
shifted much from the angles of 90 degrees. According to
this embodiment, the vertical vibratory system is
vibrated at the same frequency as the horizontal
vibratory system and the imaginary resonant frequency of

the vertical vibratory system is so designed as to be
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higher by a few percentages than resonant frequency of
the vertical vibratory system. Accordingly, both o©of the
vertical and horizontal vibratory systems can be vibrated
af the resonant frequency. Even when the power source
fluctuates and load to the movable part varies to change
the résonant frequency, the phase difference between the
horizontal and vertical vibrations can be maintained at
the optimum conditioned valve.

Although .not-shown, amplifier controllers are
connected to the amplitude adjustment limiters 144 and
147, and receive the oﬁtputs of the horizontal and
vertical wvibration detector 133 and 138, respectively.
They include comparators. Predetermined amplitudes are
supplied to one input terminals of the comparators and
the outputs of the vibration detector 133 and 138 are
supplied to another input terminals. With the differences
between the outputs of the vibration detectors 133 and
138, and .the predetermined amplitudes, the amplitude
adjusthent limiters 144 and 147 are automatically
adjusted and so the amplitudes of the vertical and
horizontal  vibrations can Dbe maintained at the
predetermined amplitudes, respectively. Thus, the
elliptical vibration having predetermined longer axis and
shorter axis, can be imparted to the bowl.

Fig.1l3 and Fig.1l4 show an elliptical vibratory
apparatus according t;- a fifth embodiment of this
invention. It is generally denoted.by a reference numeral
151. Parts which correspond to those in the above
embodiment, are denoted by the same reference numerals,

the details of which will be omitted.
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According to .this embodiment, a <closed 1loop for
self-excitation is - formed only in the horizontal
vibratory system. The output of the horizontal vibration
displacement detector 133 is negatively fed-back to the
first controller 152. And it is further supplied to the
second or vertical controlier 153. Also in this
embodiment,' the output of the wvibrational displacement
detector 138 for detecting the displacement of vertical
vibration is amplified by the amplifier 202 having the
gain A k, for the above described purpose and the output
is supplied through the phase shifter 201 to the
comparator 200.

Fig.14 shows  the details of the second embodiment.
The controllers 152 and 153 include phase shifters 155
and 158, high gain amplifiérs 156 and 159, and
amplitude-adjustment limiters 157 and 160. A phase
difference a is set in the first phase shifter 155, and
it is equal to 0°, while a phase difference B is set in
the second phase shifter 158 and is equal to 30 degrees.
Accordingly, when the output of the horizontal vibration
detector 133 and the first. contfoller 152 are cut off
from each other, there is a phase difference of -180
degrees. Further, _there is a phase difference of -60
degrees between the output of the second vibratory
systems 137 and the input of the second controller 153.

There has been described construction of the
elliptical vibratory apparatus according to the fifth
embodiment of this invention. Next, operations will be
describéd.

Only the horizontal vibratory system is looped in
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this embodiment. There is the'phase—difference of 180

degrees between the output of the horizontal vibratory

system 132 and the first controller 152. Although not
shown, DC electrical power sources .are connected through
electric switches into the power amplifiers 135 and 140.
Thus, the horizontal vibi'atory system 132 is
self-excitedly vibrated at the resonant frequency and the
vertical vibratory system 137 can be also vibrated at the
resonant frequency. The phase difference between the
forces and the displacements both in the horizontal and
vertical vibrational systems can be obtained to be 90
degrees. Even when the resonant £frequency is shifted a
little from the phase difference between the displacement
and force in the vertical wvibratory system, changes
little by function of the gain amplifier 202. Thus, the
phase difference can be obtained to be the angle of 60
degrees between the horizontal and vertical directions.
Thus, the optimum elliptical wvibrational condition can be
obtained.

Fig.1l5 shows an elliptical vibratory system according
to a sixth embod.iment of this invention. It is generally
denoted by a reference numeral 61. An output of a
variable frequency power source 162 is supplied to the
first controller 163. An output of the first controller
163 is amplified by an power amplifier 164. The amplified
output is supplied +to an electro-magnet 165 as a
vibratory exciter. The horizontal vibratory system 166 is
excited by the output of the electro-magnet 165. The
vibrational displacement of the horizontal vibratory

system 166 is detected by a vibration detector 167 and
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the detected output is supplll"e'ér.to a second controllef
168 for the vertical vibration. The controlled output is
supplied to one input terminal of the comparator 200 and
a negative - feedback signal is supplied to another input
terminal of the comparator 200. A closed loop is formed
by a power amplifier 169, é vibratory exciter 170, a
vertical vibratory system 171, a vibrational
displacement detector 138 and the gain amplifier 202 and
the phase compensator 201. The output of the phase
shifter 201 is negatively fed-back to the comparator 200.
The second vibratory system 171 is driven with the output
of the vibratory exciter 171. The phase difference is set
at the angle of 60 degree in the second controller 168.
Accordingly, when the horizontal vibratory system 166 is
accurately and resonantly vibrated with the adjustment of
the variable <frequency power source 162, the phase
difference between the horizontal and wvertical vibrations
can be maintained accurately at the angle of 60 degrees.
If the wvariable frequency power source 162 is accurately
adjusted, the phase difference is securely maintained at
the angle of 60' degrees and so the optimum elliptical
vibration can be obtained. |

In contrast to the above embodiments, the controllers
163 and 168 are not provided with any saturation
element. Although not shown, a closed 1oop' is formed for
constant amplitude. Thus, the amplitude of the horizontal
vibration may be constant. The vertical wvibratory system
171 is wvibrated at the resonant frequency. The electrical
or imaginary resonant frequency of the vertical vibratory

system 171 is risen by a few percentage of the
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mechanical resonant frequency. The closed loop ~Yor that
pufpose consists of the amplifier 169, the vibration
exciter 170, the vibration system 171, the detector 138,
the gainA K, amplifier 202. Another closed loop is formed
for constant amplitude. Thus, the amplitude of the
horizontal wvibration is maintained at constant. The
vertical vibratory system 171 is resonantly vibrated
also. The electrical or imaginary resonant frequency of
the vertical system 171 is risen by a few percentages of
the mechanical resonant £requency by the closed loop
which consists of the amplifier 202, the phase shifter 201
etc.. Even when the 1load to the mo'vable part and the
veltage of the electric power source fluctuate, the phase
difference are varied little.

Fig.1l6 shows an élliptical_ vibratory system according
to a seventh embodiment. of this invention. It is denoted
. generally denoted by a reference numeral 31'. The parts
which correspond to those in the above embodiments, are
denoted by the same reference numerals, the details of
which will be omitted.

The closed ioop including the A k gain amplifier 202
and the phase shifter 201 provided in the first
embodiment, is omitted in this embodiment. Instead, a
prefilter 300 is connected between the controller 134 and
the power amplifier 135. The characteristic equation of
the prefilter 300 is represented by (m.s?2 + c,s + Kk,)/
(m;s?+c,s + k,+ Ak:). In this equation, (m.s? + cC,s +
k. ) is a characteristic equation of the vertical
vibratory system. This characteristic equation represents

a notch component filter for cutting the resonant
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frequency £, as shown Fig.1lY. The spring constant
cohsists of a mechanical constant k. and an imaginary
spring constant A ke in the other characteristic
eguation. Accordingly, the imaginary resonant £requency
f, is higher than the mechanical resonant frequency, by A
k; . Thus, the prefilter 300 functions also a band pass
filter for . passing through the waves of the £requency
higher by few percentages of the mechanical resonant
frequency £,. Accordingly, the prefilter 200 consists of
the notch filter for cutting the mechanical resonant
frequency ' and the band-pass filter £for passing through
the frequency which is higher by few percentages than the
mechanical res;onant frequency. With t.he prefilter 300,
the vertical vibrational displacement instruction is
given by the characteristic equation, (m;s®* + c.s8 + k.).
Actually, the wvertical vibratory system is vibrated at
the resonant £frequency, however, when the mechanical
resonant .frequency is wvaried, for example, with the
changé of the load to the bowl, the phase difference is
varied much. However in this embodiment, the electrical
resonant frequenc;y is so designed as to be higher than
the mechanical resénant frequency, as above described..
The phase angles are set in the first and second phase
controllers 142 and 145. The phase angle between the
horizontal vibration displacement and the vertical
vibrational displacement is maintained at the angle of 60
degrees. Thus, the optimum elliptical vibration can be
obtained. Any other functions and effects of this
embodiment can be the same as in above embodiments.

Fig.17 shows an elliptical vibrational apparatus 51°'
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according to an eighth embodiment of this invention.
Parts which correspond to those in the above embodiments,
are denoted by the eame reference numerals, the detail of
which will be omitted. Also in this embodiment, the
closed loop including the gain amplifier 202 and the
phase shifter 201 are omitted. Instead, the prefilter 300
is arranged also as in the seventh embodiment. The
prefilter 300 of this -embodiment has the similar function
and effect as that of the seventh embodiment.

Fig.1l8 shows an elliptical vibratory apparatus 61°
according to a ninth embodiment of this invention. Parts
which correspond to those in the above embodiments, are
denoted by the same reference numerals, the detail of
which will be omitted. Also in this embodiment, the
closed 1loop including the gain amplifier 202 and the
phase shifter 201 are omitted. Instead, the prefilter 300
as in the seventh and eighth embodiments is provided. The
operation and the effects are the same as in the above
embodiment. Accordingly, the description will be omitted.

Fig.20 to Fig.23 show an elliptical vibratory
apparatus accoreing to a tenth embodiment of this
invention. Parts which correspond to those in the above
embodiments, are represented by the same reference
numerals, the detail of description will be omitﬁed.

In this embodiment, the gain Ak of the amplifier
202 is adjusted with a phase difference of the
vibrational displacement of the vertical vibratory
system. As shown in Fig.21, a vibratory displacement
signal x in the Thorizontal direction and another

vibratory displacement signal Y in the vertical direction

T
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are supplied to amplifiers 303a and 303b having gain K.

The amplified outputs are supplied to limiters 304a and
304b having positive and negative saturation levels
respectively. The amplified outputs are cut at
predetermined levels in the limiters 303a. and 303b. The
obtained rectangular waves are compared with a comparator
305 aﬁd the. comparison result is supplied to an absoluté
value circuit 306 and the output is supplied to a
low-pass filter 307. The absclute value circuit 306
corresponds to a rectifying circuit. The low-pass filter

307 has the transfer factor of {1/(1+T,s)}x {1/(1+4T:s)}.

The output is a phase difference output ¢ . A phase
difference between the horizontal vibrational
displacement signal x and vertical vibrational

displacement signal y is as shown in 22A and 22B. These
signals are cut at the predetermined levels by the
limiters 304a and 304b, and the substruction is effected
between the horizontal vibrational displacement signal x
and the vertical displacement signal y in the comparator
305. Thus, the comparison results are obtained as shown
in Fig.22C. The output is supplied to the absolute value
circuit 306. Accor&ingly, the wave shape as shown in
Fig.22D can be obtained. Further, it is passed through
the low-pass filter 307. Thus a DC output in proportion
to the difference between the horizontal and vertical
vibratory displacement signals x and y can be obtained as
the phase difference output ¢ .

The relationship between the phase difference and .the
detecting outpute¢ » is as shown in Fig.23. It changes

linearly within the angle of the 180 degrees and it is -at
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the maximum value at the 180 degrees. Hereafter, it
decreased linearly with angles. Such output is supplied
to .a phase .difference controller 301, and so the
controller 301 is controlled in accordance with the
phase difference output. Thus, the gain Ak of the
amplifier 202' can be adjusted with the phase difference
output. The phase angle between the horizontal and
vertical vibrational displacements can be adjusted to the
optimum angle of 60 degrees. Also in this embodiment,
both the vertical vibratory system and the horizontal
vertical system' can be vibrai_:ional at the resonant
frequency,. even when anyone of the vibratory systems
fluctuates with the change of the power source and the
load to the movable parts. The phase difference can be
sechrely and stably maintained at the angle of 60 degrees.

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

For example, in the above embodiments, the
electro—magflet ié used as the vibratory éxciter. It has
the phase lag of 90 degrees. Instead, the vibrétory
exciter of the piezo-electric type or moving coil type.
However, it has no phase lag. Accordingly, when it is
used as the vibratory exciter, a = -90 degrees and B =
~-90 degrees are used instead of the values described in
the above embodiment. Also in this case, the same effect
and operation as in the above embodiments can be obtained.

Of course, vibratory exciters of any other kind

having a certain phase 1lag, may be used in this
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invention. By sélectihg the wvalue of the phase angle in
the phase shifters, there can be the phase difference of
l180 degrees in the negative feed-back loop. And, the
phase difference of the 60 degrees can be obtained
between the horizontal and vertical vibration.

Further, the set phase difference angles are constant
in the phase shifters 42 and 45 in the controller 39 and
34. Instead, they may be variable. A phase ﬁifference may
be detected between outputs and/or inputs of any circuit
blocks shown in the above embodiments, for adjusting the
set phase difference of the phase shifters 42, 45.

Further, the optimum phase difference between the
vertical and horizontal direction is equal to 60 degrees.
According to the transport theory of the elliptical
vibration, the optimum phase difference may be somewhat
varied in accordance with the magnitude of the longer
axis of the elliptical vibrator. For example, it may be
varied between the angles 45 degrees and 75 degrees. In
this case, the angle a., B may be varied in accordance
with the.values of the optimum phase difference.

Further, the- first (horizontal) direction and the

second (vertical) direction may be inverted.
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1. An elliptical vibratory apparatus comprising :

(A) a first controller which includes at 1least a first
phase shifter, a first high-gain amplifier and a first
saturating element ;

(B) a first power amplifier for amplifying an output of
said first controller ;

(C) a first vibratory exciter receiving an output of
said fifst power amplifier for generating a first
vibratioﬁal force in a first direction;

(D) a first wvibrational system of an elliptical vibratory
machine,-receiving said first vibrational force;

(E) £first wvibrational displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said first direction;
(F) a second controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;

(G) a seéond power amplifier for amplifying an output of
said second controller ;

(H) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrational force in a second direction;

(1) a second vibrational system of said elliptical
vibratory machine, receiving said second wvibrational
force;

(J) a second vibrational displacement detecting means for
detecting another vibrational displacement of said
movable éart of said elliptical vibratory machine in said

second direction;

R

CIN

T SHEET



L] sovor s |

53

(K_) a closed loop being formed by said £irst cpntroller,
said first power amplifier, said first vibratory exciter,
said first vibrational system, said first wvibrational
displacement detecting means, said second controller, said

second power amplifier, said second vibratory exciter,
said secohd vibrational system and said second vibrational

displacement detecting means, the output of said second _
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop
wherein -shift angles of said first and second phase
shifters are so predetermined that there is a phase
difference of 180 degrees between the output terminal of
said second vibrational displacement detecting means and
the input terminal of said first controller, when these
terminals are cut off from each other, and a
predetermined phase difference can be obtained between
said wvibrational displacements of the first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first vibratory system
being self-excitedly vibrated at its resonant frequency
and said second vibratory system being self-excitedly
vibrated.

2. An elliptical vibratory apparatus comprising :

(A) a first controller which includes at least a first
pPhase shifter, a first high-gain amplifier and a first
saturating element ;

(B) a first power amplifier for amplifying an output of
said first controller ;

(C) a first vibratory e=xciter receiving an output of

said first power amplifier for generating a first
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vibrational force in a first direction;
(D) a first vibrational system of an elliptical wvibratory
machine, receiving said first vibrational force;

(E) vibrational dispiacement detecting means for
detectin§ a vibrational displacement of a movable part of
said elliptical vibratory machine in said first direction;
(F) a second. controller which includes at least a second
phase shifter, a second high-gain amplifier and a second
saturating element ;

(G) a second power amplifier for amplifying an output of
said second controller ;

(H) a second vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrational force in a second direction;

(1) a éecond vibrational system of said elliptical
vibratory machine, receiving said second vibrational
force;

(J) a closed loop being formed by said first controller,
sald first power amplifier, said first vibratory exciter,
said first vibr_ational éystem and said vibrational
d;splacement detecting means, the output of said
vibrational displacement detecting means being negatively
fed-back to said first controller in said closed loop ;
wherein ‘shift angles of said first and second phase
shifters are so predetermined that there is a phase
difference of 180 degrees between the output terminal of
said vibrational displacement detecting means and the
input terminal of said first controller, when these
terminals are cut off from each other, and a

predetermined phase difference can be obtained .between
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said vibrational displacements %T'*fhe first and second
vibratory systems for the optimum condition of said
elliptical vibratory machine, said first vibratory
system being self-excitedly vibrated at its resonant
frequency and said second vibratory system being
self—excifedly vibrated.

3. An elliptical vibratory apparatus according to claim
1 in which amplitude controllers are provided for said
first and second vibrational displacement detecting
means, réspectively, predetermined amplitudes are set in
said amplitude controllers, respectively, the differences
between .said predetermined amplitudes and the present
vibratory - displacements in said first and second
directions, respectively, are supplied to said £first and
second céntrollers, respectively so that the amplitudes
of the vibrational displacements in said first and
second directions are adjusted to be equal to said

predetermined amplitudes, respectively.

4. An elliptical vibratory apparatus in according to
claim 2 in which a second vibrational displacement
detecting means is provided for detecting the

vibrational displacement of the movable part in said
second direction, the outputs qf said first-mentioned and
second Qibrational displacement detecting -means are
supplied to amplitude controllers in which predetermined
amplitudes are set, the differences between the
predetermined amplitudes and the present amplitudes are
supplied to said first and second controllers and the
amplitudes of the vibratory systems in said first and

second directions are so controlled as to be equal to
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said predetermined amplitudes, respectively.

5. An elliptical vibratory apparatus according to anyone
of claims 1 to 4 in which phase difference detecting
means and phase difference controllers are provided and
the shift angles of said first and second phase shiftefs
are adjuéted with the output of said phase difference
controllers.

6. An elliptical vibratory apparatus comprising :;

(A) a variable frequéncy power source ;

(B a first vibratory exciter for generating a firsf
vibrational force in the £first direction, receiving an
output of said variable fregquency power source ;

(C) a first vibratory system of an elliptical vibratory
machine, receiving said first vibrational force in said
first direction ;

(D) viﬁrational displacement detecting means for
detecting wvibrational displacement of a movablé part of
said elliptical vibratory apparatus in said first
direction ;

(E) a phase shifter for receiving an output of said
vibrational dispiacement detecting means ;

(F) a p&wer amplifier receiving an output of said phase
shifter ;

(G) a second vibratory exciter receiving an output of
said powér amplifier for generatinév a second vibrational
force in the second direction perpendicular to said first
directioﬂ :

(H) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrgtional

force in said second direction from said second vibratory
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exciter, wherein said first vibratory system is driven at
its resonant frequency with the - adjustment of said
variaﬁle frequency power source and the phase angle of
said phase shifter is so0 controlled that the movable
part of. said elliptical vibratory machine can be
vibrated at the optimum vibrational condition;

7. An ellipfical vibratory apparatus comprising:

{(A) a first controller including at least a first
phase shifter, a first high gain amplifier and a first
saturation element;

(B) a first power amplifier for power-amplifying an
output of said first controller;

(C} a first wvibratory excitéf receiving an output of
said fifst power amplifier for generating a first
vibratioﬂal force in a first direction;

(D) a first vibratory system of an elliptical vibratory
machine receiving said £f£first vibrational force in " the
first diréction from said first vibratory exciter;

(E) a first vibratory displacement detecting means for
detectin§ the vibrational displacement of a movable part
of said elliptical vibratory machine in said first
directioﬂ;

(F) a second controller including at least a second phase
shifter, a second high gain amplifier and a second
saturation element;

(G) a comparator, the output of said second controller

being supplied to one input terminal of said
comparator;
(H) a second power amplifier for power-amplifying an

output of said comparator;
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( I)_. a second vibratory exciter receiving an output of
said secbnd power amplifier for generating a second
.vibrationaly force in a second direction perpendicular
to said first direction; _

(K a sécond vibratory displacement detecting means for
detecting. a vibrational displacement of a movable part of
said elhlipt'ical vibratory machine in said second
directioﬂ;

(L) an amplifier having a gain corresponding to an
imaginarj spring constant, receiving an output of said
second vibratory displacement detecting means:;

(M) a éhase compensator receiving an output of said
amplifierh for compensating the phase lag of said sec.ond
vibratorf exciter;

(N) a fifst closed loop being formed by said second power
amplifier", said second vibratory exciter, said second
vibratorf system, said second vibratory displacement
detecting means, said amplifier, said phase compensator
and said. comparator to which the output of said second
vibratorf displacement detecting means is fed-back;

(C) a second clc.ased loop being formed by said first
controller, said first power amplifier, said first
vibratory exciter, said . first wvibratory system, said
first wvibratory displacement detecting means, wherein
shift angles of said first and second phase shifters are
so predetermined that there is a phase difference of 180
degrees between the output terminal of said second
vibrational displacement detecting means and the input
terminal of said first controller, when these terminals

are cut off from each other, and a predetermined phase
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difference <can be obtained between said vibrafional
displacements of the first and second vibratory systems
for the optimum condition of said elliptical wvibratory
machine, .said first and second vibratory systems being
self-excitedly vibrated at its resonant frequency.

8. An ellﬁptical vibratory apparatus comprising:

(A) a first controller including at least a first phase
shifter, a first high gain amplifier and a first
saturation element;

(B) a first power amplifier for power—-amplifying an
output of said first controller;

(C) a first vibratory exciter receiving an output of
said first power amplifier for <generating a first
vibratioﬁal force in a first direction;

(D) a first vibratory system of an elliptical vibratory
machine receiving said €first wvibrational force in the
first direction from said first vibratory exciter;

(E) a first wvibratory displacement detecting means for
detectin§ the wvibrational displacement o0f a movable part
of said. elliptical vibratory machine in said first
directioﬁ; '

(F) a sécond controller including at least a second
pPhase shifter, a second high gain amplifier and a second
saturation element;

(G) a comparator, the output of said seéond controller

being supplied to one input terminal of said
comparator;
({H) a second power amplifier for power-mplifying an

output of said comparator;

(I) a second vibratory exciter receiving an output of
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said second power émplifier for generating a second
vibratioﬁaly force in a second direction perpendicular
to said first direction;

(K) a second vibratory displacement detecting means for
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction:

(L) an amplifier having a gain corresponding to an
imaginary spring constant, receiving an output of said
second vibratory displacement detecting means;

(M) a l;hase compensator receiving an output of said
amplifier: for compensating the phase lag of said second
vibratory exciter:;

(N} a first closed loop being formed by said second power
amplifier', said second vibratory exciter, said second
vibratory system, said second vibratory displacement
detecting means, said amplifier, said phase compensator
and said- comparator to which the output of said second
vibratory displacement detecting means is fed-back:

(0O) a second closed loop being formed by said first
controller, said first power amplifier, said first
vibratory exciter, said first vibratory system, said
first wvibratory displacement detecting means, said
second cbntroller, said comparator, said second power
amplifier, said second vibratory exciter and said second
vibratory displacement detecting means, the oultput of
said second vibratory displacement detecting means being
fed-back negatively to said first controller, wherein
shift angles of said first and second phase shifters are

so predetermined that there is a phase difference of 180
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degrees between the output terminal of said second

vibrational displacement detecting means and the input
terminal of said first controller, when these terminals
are cut .off from each other, énd a predetermined phase
difference can be obtained between said vibrational
displacements of the first and second vibratory systems
for the optimum condition of said ellipticél vibratory
machine, said first and second vibratory systems being
self-excitedly vibrated at its resonant frequency.

8. An elliptical vibratory apparatus according to claim 7
to 8 in .which amplitude controllers are provided for said
first and second vibrational displacement detecting
means, respectively, predetermined ampiitudes are set in
said amplitude controllers, respectively, the
differences between said predetermined amplitudes and the
present vibratory displacements in said first and second
directions, respectively, are supplied to said first and
second controllers, respectively so that +the amplitudes
of the vibrational displacements in said first and second
directions are adjusted to be equal to said predetermined
amplitudes, respeétively.

10. An elliptical vibratory apparatus according to anyone
of claimé 7 to 9. in which phase difference detecting
means and phase difference controlliers are provided and
the shif£ angles of said first and second phase shifters
are adjusted with the output of said phase difference
controllérs.

11. An elliptical vibratory apparatus comprising ;

’

(A) a variable frequency power source ;

’

(B) a first vibratory exciter for generating a first
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vibrational force in the £first direction, receiving an
output of said variable frequency power source ; |
(C) a first vibratory system of an elliptical vibratory
machine, receiving Said first vibrational force in said
first direction;

(D) first vibrational displacement detecting means for

‘detecting vibrational displacement of a movable part of

said elliptical vibratory apparatus in said first
direction;
(E) a phase shifter for receiving an output of said

first vibrational displacement detecting means;

(F) a comparator to which an output .of said shifter is
supplied ét one input terminal;

(G) a power amplifier receiving aﬂ output of said
comparatér;

(H) a second vibratory exciter receiving an output of
said power amplifier for generating a second vibrational
force in the second direction perpendicular to said first
direction;

(1) a ﬁecond vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said second vibratory
exciter;

(J) a second vibratory displacement detecting means for
detecting a wvibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(K) an amplifier having a gain corresponding to an
imaginary spring constant, £eceiving an output of said

second vibratory displacement detecting means;
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direction;
(F) a second controller including at least a second phase
shifter, a second high gain amplifier and a second
saturation element;

(G) a prefilter receiving an output of said second
controller;

(H) a second power amplifier for power-amplifying an
output of said prefilter;

{I) a sécond vibratory exciter receiving an output of
said second power amplifier for generating a second
vibrationaly force iﬁ a second direction perpendicular to
said first direction;

(J) a second vibratory system of said ellptical wvibratory
machine receiving said second vibrational force in the
second direction from said second vibratory exciter;

(K) a second vibratory displacement detecting means for
second direction from said second vibratory exciter
detecting a vibrational displacement of a movable part of
said elliptical vibratory machine in said second
direction;

(L) a closed loop being- formed by said first controller,
said first power amplifier, said first vibratory exciter,
said first vibratory . system, said first vibratory
displacement detecting means, said second controller,said
prefilter, said second power amplifier, said second
vibratory exciter and said second vibratory displacement
detecting means, the output of said second vibratory
displasement detecting means being fed-back  negatively to
said first controller,wherein said prefilter consists of

a notch filter for cutting the " resonant frequency
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(L) a phase compensator receiving an output of said
amplifier. for compensating the phase lag of said second
vibratory exciter;

(M) a closed loop being formed by said power amplifier,
said seéond vibratory exciter, said second vibratory
system, said second vibratory - displacement detecting
means, said amplifier, said phase compensator and said
comparator to which the output of said second vibratory
displacement detecting means is negatively fed-back;
wherein said first and second vibratory systems are
driven a£ the resonant frequency with the adjustment of
said wvariable frequency power source and the phase angle
of said phase shifter is so controlled that the movable
part of said elliptical vibratory machine can be wvibrated
at the optimum vibrational condition;

12. An elliptical vibratory apparatus comprising:

(A) a first controller including at least a first phase
shifter,h a first high gain amplifier and a first
saturation element;

(B) a first power amplifier for power-amplifying an
output of said fifst_controller;

(C) a first vibratory exciter receiving an output of said
first poﬁer amplifier fbr generating a first vibrational
force in.a first direction;

(D) a first vibratory system of an elliptical wvibratory
machine feceiving said £first vibrational force in the
first direction from said first vibratory exciter;

(E) a first vibratory displacement detecting means for
detectihg the vibrational displacement of a movable part

of said elliptical vibratory machine in said first
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component and a band-pass filter for amplifying the
frequency component higher by a few percentages than
said resonant frequency, wherein shift angles of said
first and second phase shifters are so predetermined that
there is a phase difference of 180 degreés between the
output terminal of said second vibrational displacement
detecting means and the input terminal of said first
controller, when these terminals are cut off from each
other, and a predetermined phase difference can be
obtained between said vibrational displacements of the
first and second vibratory systems for the optimum
condition of said elliptical vibratory machine, said
first ana second vibratory systems being self-excitedly
vibrated at the resonant frequency.

13. An eiliptical vibratory apparatus comprising :

(a) a first controller including at least a first phase
shifter, a first' high gain amplifier and a first
saturation element;

(B a first power amplifier for power-amplifying an
output of said first controller:

(C) a first vib.rat_ory exciter receiving an output of
said first power amplifier for generating a first
vibrational force in a first direction:

(D) a first vibratory system of an elliptical vibratory
machine receiving said first wvibrational force in the
first direction from said first vibratory exciter:

(E) a vibratory displacement detecting means for
detecting the vibrational displacement of a movable part

of said elliptical vibratory machine in said first

direction:;
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“(F) a second controiler including at least a second
phase shifter, a second high gain amplifier and a second
saturation element;

(G) a prefilter receiving an output of said second
controller;

(H) a second power amplifier for power-amplifying an
output of saia prefilter; '

{I) a sécond vibratory exciter receiving an output of
said second power amplifier for génerating a second
vibrationaly force in a second directiqn. perpendicular
to said first direction;

(J) a second vibratory system of said ellptical vibratory
machine receiving said .second vibrational force in the
second direction form said second vibratory exciter.

(K) a closed 1loop being formed by said first controller,
said first power amplifier, said first vibratory
exciter, said first wvibratory system, said vibratory
displacement detecting means, the output of said second
vibratory displasement detecting means being fed-back
negatively to _said first controller,wherein said
prefiltef consists ©f a notch £filter for cutting the
resonant frequency compornent and a band-pass £filter for
amplifying the frequency component for amplifying the
frequency component higher by é few percentages than said
resonant frequency, and shift angles of said first and
second phase shifters are so predetermined that there is
a phase difference of 180 degrees between the output
terminal of said vibrational displacement detecting means
aﬁd the input terminal of said first controller, when

these terminals are cut off from each other, and a
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predetermined phase difference .can-——-be——-ebta-i-ned- between
said vibrational displacements of the €£first and second
vibratory systems foi‘ the optimum condition of said
elliptical wvibratory machine, said first and second
vibratory systems being self-excitedly vibrated at the
resonant frequency.

14. An elliptical vibratory apparatus according to claim
13 in which a second vibratory displacement detecting
means is provided, and amplitude controllers are provided
for said first-mentioned and second vibrational
displacexﬁent detecting means, respectively,
predetermined amplitudes are set in said amplitude
controlle.rs, respectively, the differences between said
predetern;ined amplitudes and the present vibratory
displacements in said first and second directions,
respectively, are supplied to said first and second
controllers, respectively so that the amplitudes of the
vibratioﬁal displacements in said first and second
directions are adjusted to be egual to said predetermined
amplitudes, respectively.

15. An elliptic':al. vibratory apparatus according to
claim 13 in which phase difference detecting means and
phase difference controllers are provided and the shift
angles of said first mentioned and second phase shifters
are adjusted with the output of said phase difference
controllérs.

16. An elliptical vibratory apparatus according to anyone
of claims 8 to 11 in which phase difference detecting
means and phase difference controllers are provided and

the shift angles of said first and second phase shifters
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are adjusted with the output of.lsaid phase difference
controllers.

17. An elliptical vibratory apparatus comprising;

(4) a variable frequency power source;

(B) ‘a first vibratory exciter for generating a
first vibrational force in the first direction, receiving
an output of said variable frequency power source;

(C) a 'first vibratory system of an elliptical wvibratory
machine, receiving said first wvibrational force in said
first direction;

(D) vibrational displacement detecting means for

detecting vibrational displacement of a movable part of

said elliptical -vibratory apparatus in said first
direction;
(E) a phase shifter for receiving an output of said

first vibrational displacement detecting means;

(F) a prefilter

(G) a power amplifier receiving an output of said
prefilter;

(H) a second vibratory exciter receiving an output of
said power amplifier for generating a second vibrational
force in the second direction perpendicular to said first
direction;

(1) a second vibratory system of said elliptical
vibratory apparatus receiving said second vibrational
force in said second direction from said second vibratory

exciter:

wherein said first and second vibratory systems are

driven at the resonant frequency with the adjustment of
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said variable frequency power source and the phase angle
of said phase shifter is so controlled that the movable
part of said elliptical wvibratory machine can be
vibrated at the optimum vibrational condition;

18. An elliptical vibratory apparatus according to claims
7, 8 and 11 in which a phase difference detecting means
for_ detecting the phase difference between the
vibrational displacements of the first and second
vibratory systems and a phase difference controller
receiving the detected ‘output of said phase difference
detecting means are provided and the gain of said
amplifier is so controlled by said phase difference
controller that the phase difference between the
vibrational displacements of said first and second
vibratory systems are put into the optimum angle.

19. An elliptical vibratory apparatus comprising;

(A) a controller receiving vibration instructién;

(B) a comparator which is connected to said controller at
its one input terminal;

(C) a power amplifier connected to an output terminal of
said comparator{

(D) a vibratory exciter;

(E) a - mechanical vibrational system receiving the
vibrational force of said vibratory exciter:;

(F) a vibration detecting means arranged -adjacent to or
attached to said mechanical vibrational system;

(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving the output of
said vibration detecting means;

(H) a phase compensator receiving the output of said
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amplifier and compensating the phase lag of said
viﬁratory exciter;

{I) a first closed loop being formed by said comparator,
said power amplifier, said vibratory exciter, said
mechanical vibrational system, said vibration detecting
means, said amplifier and said phase compensator in which
the output: of said vibration detecting means is
negatively fed-back to another input terminal of said
comparator;

(J) a second closed loop being formed by said vibration
detecting means, said controller,said comparator, said
amplifier, said wvibratory exciter and said mechanical
vibration system, in which the output of said wvibration
detecting means is negatively fed-back to said
controller, wherein a self-excited wvibration is obtained
and an -elect'rical or imaginary resonant frequency of the
mechanical vibration system is rised by a frequency
corresponding to said imaginary spring constant by the
gain of said amplifier.

20. An elliptical vibratory apparatus comprising;

(A) a contrdller fecgiving vibration instruction;

(B) a comparator which is connected to said controller at
its one input terminal;

(C) a power amplifier connected to an output terminal of
said comparator;

(D) a vibratory exciter:

(E) a mechanical vibrational system receiving the
vibrational force of said vibratory exciter:;

(F) a vibration detecting means arranged adjacent to or

attached to said mechanical vibrational system:
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(G) an amplifier having a gain corresponding to an
imaginary spring constant and receiving tﬂe output of
said vibration detecting means;

(H) a phase compensator receiving the output of said
amplifier and compensating the phase lag of said
vibratory exciter;

(I) a closed loop being formed by said comparator, said
power amplifier, said vibratoryﬁ exciter, said mechanical
vibrational system, said wvibration dgtecting' means, said
amplifier and said phase compensator in which the output
of said vibration detecting means is negatively fed-back
to another input terminal of said comparator;

wherein a power source is comnected to said controller
to vibrate enforcedly said mechanical vibration system
and an electrical or imaginary resonant £requency of the
mechanical vibration system is .rised by a £fregquency
corresponding to said imaginary spring constant by the
gain of said amplifier.

21. An elliptical vibratory apparatus;

(A) a first controller;

(B) a first power-amplifier;

(C) a first vibratofy exciter;

(D) a_first mechanical vibration system;

(E) a first vibration detecting means arrahged adjacent
to or, attached to said first mechanical vibration system,
(F) a second controller receiving the detected output of
said first vibration detecting means,

(G) a comparator

(H) a second power amplifier;

(I) a second mechanical vibratory system;
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(J) a seﬁond vibration detecting means arrangéd adjacent
to or, attached to said second mechanical vibration
system;

(K a _ first <closed 1loop been formed by said first
controller, said first power amplifier, said first
vibratory exciter, said mechanical vibratory system, said
first wvibration detecting mean, said second controller,
said comparator, said second power amplifier, said
mechanical vibration system, said second vibration
detecting means in which the detected output of said
second vibration detecting means is negatively fed-back
to said first controller, said first mechanical vibration
system being self-excitedly vibrated and said second
mechanical vibrational system being enforcedly vibrated;

(L) an amplifier receiving the output of said second
vibration detecting means having a gain corresponcding to
an imaginary spring constant.

(M) a phase éompensator for compensating the phase 1lag
of said second vibratory exciter;'receiving the output of
said amplifier;

(N) a second ciosed loop being formed by said second
vibrational detecting means, said phase comparator and
said comparator, second power amplifier, said second
mechanical vibratory system in which the oﬁtput of said
phase compensation is negatively fed-back to said
comparator, wherein the electrical (imaginary) resonant
frequency of said second mechanical vibration system is
raised by a frequency component corresponding to said
imaginary spring constant.

22. An elliptical vibratory apparatus comprising;
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(A) a first controller connected to a first electric
power source;

(B} a first power amplifier;

- (C) a first vibratory exciter;

(D) a first mechanical vibration system;

(E) a sécond controller connected to a second electric
power source which is shifted in phase by a predetermined
phase angle from said first elecfric power source;

(F) a comparator:; |

(G) a second power amplifier;

(H) a second vibratory exciter;

(1) a second mechanical vibration system;

(J) a vibration detecting means arranged adjacent to
or attached to said second mechanical vibration system;

(K)' an amplifier having a gain corresponding to a
imaginary spring constant;

(L) a phase compensator, receiving the output of said
amplifier and compensating a phase lag of saia second
vibratory exciter;

(M) a closed loop being formed by said vibration detecting
means, said ampiifier, said phase compensator and said

comparator in which the output of said phase compensator

is negatively fed-back to said comparator, and the -

electrical (imaginary) resonant frequency o©of the second .

mechanical vibration system is raised by a frequency
corresponding to said gain of the amplifier.

23. In an elliptical vibratory system, apparatus.
comprising; .

(A) a power amplifier receiving vibrational instructioﬁ;

(B) a vibratory exciter receiving the output of said power
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amplifier and;

(C) a mechanical vibration system receiving the
vibrational force from said vibratory exciter, said
vibrational instruction is supplied through a prefilter
to said power amplifier, said prefilter consisting of a
notch filter for cutting the resonant freguency component
0of said mechanical vibration system and a band-pass
filter for amplifying the frequency éomponent higher by a
few percentages than the actual resonant frequency of said

mechanical vibration system.
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ELLIPTICAL VIBRATORY APPARATUS

ABSTRACT OF THE DISCLOSURE

A closed loop is formed by first and second
controllers, Eirst and second power amplifiers for
amplifying outputs of the first and second controllers:
first and second vibratory exciters receiving outputs of
the first and second power amplifiers €£or gsnerating
first and second vibraticnal force; in first and second
directions; first and second vibrational systems of an
elliptical wvibratory machine, receiving the £first and
second vibrational forcés; first and second vibrational
displacement detectors for detecting vibrational
displacements of a movable part of the elliptical
vibratory machine in the first and second direction. The
output of the second vibrational displacement detector is
negatively fed-back to the first controller in the closed
loop. There is a phase difference of 180 deérees between

the output of the second vibrational displacement

detector and the input of the first controller. Thus,
the movable . paxt can be vibrated in the optimum
condition.

FIGURE 5 & 6




