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(57) Abstract

A vibratory system for changing or maintaining a resultant vibratory force supplied to a spring supported conveyor trough (12) has
a pair of spaced, parallel shafts (20, 22) and phase elements (20a, 22a) for supplying a resultant force to the trough (12). A sensing device
(42, 44) generates a signal corresponding to the desired phase angle and the real time phase angle is essentially the same as the desired

phase angle thereby providing the desired resultant force to the conveyor. |
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RESULTANT FORCE ADJUSTING DEVICE FOR VIBRATORY CONVEYOR

Background of the Invention

This invention is related to a control system for
vibratory conveyors and, more particularly, to a control
system for vibratory conveyors in which the force
providing the vibratory motion to the trough conveying

the material 1s controlled.

There are various systems for controlling the
direction and/or speed of material being carried By a
vibratory conveyor. The systems typically operate to
change either the direction or the magnitude of a force
applied to a trough mounted for vibratory motion, usually
provided by a plurality of springs, on a support. For
purposes of this description, change, alteration, wvarying
or adjustment of a force means changing the magnitude of

the force, the direction along which the force acts, or
both.

An example of a system for changing the force

direction utilizes a plurality of rotating shafts and
assocliated eccentric weights to supply a cyclical force
to the vibratory trough. This system uses a mechanism
for adjusting the relative positioning of one or more of
the rotating shafts carrying the eccentric weights which
in turn varies the direction of the maximum throw to the
trough of the conveyor. Such a eccentric weight system
i1s described in detail in US Patent 5,064,053 in which a
single rotating shaft bearing an eccentric weight is in a
parallel relationship with and positioned between paired

additional rotating shafts bearing eccentric weights.

The centered single shaft rotates in one direction while

the paired shafts rotate in the opposite direction but at
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the same number revolutions per minute. In any 360°
rotation of the shafts, all eccentric weights will be
oriented so that the centrifugal forces, due to rotation
of the eccentric weights, will be in the same direction,
i.e., at the same angle with respect to the horizontal
plane twice in the rotation. This provides a maximum
resultant force, the aggregate centrifugal force, each
time in that direction. Similarly, a minimum resultant
force will be experienced twice in a 360° rotation. By
varying the orientation of the single shaft with respect
to the paired shafts, the "phase angle" relationship
between the single rotating shaft and the paired rotating
shafts, can be changed, thus changing the direction or
"angle of attack" of the maximum resultant force supplied
to the trough. 1In the system of the '053 patent, all
shafts are driven by a single motor and a belt and pulley
(sheave) system. A mechanism is supplied that changes
the orientation of the central shaft with respect to the
paired shafts, thus changing the phase relationship. The
adjustment of the central shaft can be accomplished even
when the system is operating to vary the direction of the

maximum resultant force supplied to the trough.

Still another example of a vibrating conveyor system
having the capability of adjusting the resultant force is
found in the description of U. S. Patent 5,404,996. As
described, this system has a pair of spaced and parallel
rotating shafts each provided with crankshafts linked
together by a plurality of arms pivotally connected to
the underside of a trough. The shafts are rotatably
driven by a single motor through a series of belts and
pulleys. The trough is mounted on tuned springs attached
to a base. The apparatus set forth in Patent '996
provided a significant advantage over other single
eccentric crank shaft vibrating conveyors since the peak-
to-peak displacement, i.e., maximum amplitude or

displacement can be varied effectively between zero and a
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maximum. This is accomplished by a structure that
permits the phase angle relationship between the rotating
crankshafts to be mechanically adjusted thereby changing
the amplitude of the displacement supplied to the trough.

None of the systems of the prior art, however,
provide for the continuous and automatic adjustment of
the phase angle relationship between shafts while in
operation. Most require a mechanical structure
consisting of pulleys, pivoting blocks mounting certain
of the pulleys, and other mechanical devices to change
the phase angle relationship between the "phase elements"
associated with the rotating shafts, e.g., eccentric
welghts or crankshafts. Such structure occupies
considerable space, often a significant operating
detriment when the available manufacturing floor space
for conveying equipment is limited. Moreover, continuous
monitoring and adjustment of such systems during
operation may be required to ensure that the proper angle
phase relationship is maintained. It is therefore a

paramount object of the present invention to provide for

a system for adjusting the phase angle relationship
between phase elements therein without the need for a
complicated mechanical structure. It is still another
important object of the present invention to provide for
a system that continuously maintains a predetermined
phase angle relationship during operation thereof. It is
still a further object of the present invention to
provide for a system for altering the phase relationships
compatible with available limited manufacturing floor

space.

Summary of the Invention

A vibrating conveying system for changing or
maintaining a resultant vibratory force supplied to a

conveyor trough meeting the above objectives has a
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support base that 1s connected to a conveyor trough by a
plurality of springs. The mechanism for supplying the force
necessary to vibrate the trough i1ncludes at least a pair of
spaced, parallel shafts upon which phase elements are mounted.
Each of the shafts are i1ndependently rotated and are
operatively connected to the trough. The rotation of the
shafts and the phase elements supply a resultant force to the
trough, thus causing the trough to vibrate. The force can be
changed by varying a phase angle relationshlp exlisting between
the phase elements. The variation in phase angle relationship
is accomplished using sensing elements, associated with each of
the shafts, for generating signals when locating reference
points on the rotating shafts. The signals are communicated to

a controller that generate a signal corresponding to the real

time relative phase angle difference between the two shafts.

This signal is then compared to a signal received from a user
station that corresponds to a predetermined phase angle that
would produce a desired resultant force acting on the conveyor
trough. The controller then provides a signal to a motor speed
control device that, in response to this signal, adjusts the
speed of one of the shafts until the real time phase signal 1is
essentially the same as the predetermined phase angle signal,
thereby providing the desired resultant force to the conveyor
trough. Thus, the system 1n acccrdance wlth the present
invention continuocusly maintains the device operating with the
predetermined phase angle relationship or can easily be changed

by changing the input signal to the controller.

Accordingly, one aspect of the present invention resides
in a vibratory control system for generating a sinusoidal
vibratory motion in which a resultant vibratory force 1is
supplied to a conveyor trough at a predetermined angle of
attack resulting in nonparallel vibratory displacements of said
conveyor trough with respect to a direction of conveyance, said
system maintaining or changing said resultant vibratory force

during operation thereof and comprising a support base
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connected by a plurality of spring members to said conveyor
trough; a frame connected to said conveyor trough; a first
vibratory drive assembly 1including a first rotatable shaft, a
first phase element connected to sailid first rotatable shaft for
providing a first varying force to said conveyor trough when
said first rotatable shaft rotates, and a first motor for
rotating said first rotatable shaft; a second vibratory drive
assembly having a single second rotatable shaft, a second phase
element connected to said second rotatable shaft for providing
a second varying force to said conveyor trough when sailid second
rotatable shaft rotates, and a second motor for rotating said
second rotatable shaft, said first and second vibratory drive
assemblies collectively providing a resultant vibratory motion
with nonparallel displacements to said conveyor trough as
determined by a relative phase angle relationship between said
first and second phase elements; detection sensor means
associated with each of said first and second rotatable shafts
for generating first and second signals when locating reference
points on said at least one first and second rotatable shafts,
respectively; user input means for generating a predetermined
phase angle signal representing a value of the relative phase
angle relationship between said first and second phase elements
required to provide a predetermined resultant vibratory force
to said conveyor trough; a controller including means 1n
response to said first and second signals for generating a
detected phase angle signal corresponding to a real time phase
angle existing between said at least one first and second
rotatable shafts, comparison means for comparing said detected
phase angle signal and said predetermined phase angle signal
and generating a motor speed control signal proportional to the
difference between said predetermined phase angle signal and
said detected phase angle signal; and motor speed control means
responsive to said motor speed control signal, for altering the
speed of at least one of said first and second motors until
said detected phase angle signal and said predetermined phase

angle signal are approximately the same value, thereby
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providing the resultant vibratory force to said conveyor trough

substantially the same as the predetermined resultant vibratory

force.

In another aspect, the present invention resides in a
vibratory control system fcr adjustably controllling a resultant
force supplied to a conveycr trough by changing a phase angle
relationship between eccentric weilghts mounted on rotating
shafts comprising a base connected by a plurality of spring
members to a conveyor trough; a frame connected to said
conveyor trough; three shafts each ccupled to and rotating
respective associated eccentric weights, a first shaft of said
three shafts being driven by a first motor and driving a second
shaft at the same revoluticns per minute, and a third shaft
being driven independently of said first shaft by a second
motor; a speed control device continuously adjusting the speed
of one of said first and second motors and the revolutions per
minute of said shafts driven by said one motor so as to
maintain the real phase angle at approximately the same value
as the predetermined phase angle, said first and third shafts
and associated eccentric weights being constantly in phase with
each other, and the angle difference between said first and
third shafts and associazed eccentric weights and said second
shaft and associated eccentric weight determining said relative
phase angle, said associated weights collectively imparting a
resultant vibratory force to said conveycr trough; a pair of
phase angle sensing devices each associated with said first and
third shafts and associated eccentric weights for generating a
signal indicative of the position of the associated eccentric
weight; a control device responsive to the signals received
from said phase angle sensing devices for measuring a real time
phase angle between said eccentric weights and comparing the
real phase angle value and a value of a predetermined phase
angle and generating a phase angle signal proportional to a
difference between said real and predetermined phase angles;

and a motor speed control device responsive to sald phase angle
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signal for adjusting the speed of one of said motors until said
real phase angle has about the same value as sald predetermined

prhase angle.

In a further aspect, the present invention resides in a
vibrating conveying system for changing ¢r maintaining &
resultant vibratory force supplied to a conveyor trough
comprising a support base; a conveyor trough connected to said
support base through vibratory elements; a first drive assembly
including a first rotatable shaft, a first phase element
connected to said first shaft, and a motor for rotating said
first shaft; a second drive assembly 1ncludling a second
rotatable shaft, a second phase element connected to said
second shaft, and a second motor for rotating said second
shaft, said first and second shafts providing a resultant
vibratory force to said trough determined by a relative phase
angle relationship between said first and second phase
elements, said first and second phase elements being
crankshafts mounted on said first and second rotating shafts,
said first and second crahkshafts pivotally connected by a
plurality of linkage arms to said trough and imparting a
vibratory motion to said trough; detection sensor means
associated with each of said first and second shafts for
generating first and second signals when locating reference
points on said first and second shafts; user input means for
generating a predetermined phase angle signal representing a
value of a phase angle relationship between sald first and
second phase elements required to provide a predetermined
resultant vibratory displacement to saild trough; a controller
including means in response to said first and second signals
for generating a detected phase angle signal corresponding to
real time phase angle existing between said first and second
shafts, comparison means for comparing salid detected phase
angle signal and said predetermined phase angle signal and
generating a motor speed control signal proportional to the

difference between said predetermined phase angle signal and

H e st e T MR TR T A R S et e e ' ELFLLANE ST S L L : ' T A LG 10 R 1 R T PR s i



10

15

20

25

30

35

CA 02228452 2002-10-16

4d

sald detected phase angle signal, and motor speed control means
responsive to said motor speed control signal, for altering the
speed of at least one of said first and second motors until
said detected phase angle and said predetermined phase angle
signals are approximately the same value, said change of
relative phase angle relationship between said phase elements
results in a change in the magnitude of the resultant force
applied to said trough and thereby providing a resultant
vibratory force to said trough substantially the same as the

predetermined resultant vibratory force.

In another aspect, the present invention resides 1in a
vibrating conveying system for generating a sinusoidal
vibratory motion in which a resultant vibratory force supplied
to said conveyor trough 1s at a predetermined angle of attack
to said conveyor trough resulting in nonparallel vibratory
displacements of said conveyor trough with respect to a
direction of conveyance, said system maintaining or changing
said resultant vibratory force during operation thereof and
comprising a support base; a conveyor trough connected to said
support base through vibratory elements; a first vibratory
drive assembly including a first rotatable shaft, a first phase
element connected to said first shaft, and a first motor for
rotating said first shaft; a second vibratory drive assembly
having a single second rotatable shaft connected to a second
phase element, and a second motor for rotating said second
shaft, said first and second vibratory drive assemblies
collectively providing a resultant vibratory force with said
nonparallel displacements to said trough as determined by a
relative phase angle relationship between said first and second
phase elements; detection sensor means assoclated with each of
said first and second shafts for generating first and second
signals when locating reference points on said first and second
shafts; user input means for generating a predetermined phase
angle signal representing a value of a phase angle relationship

between said first and second phase elements required to
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provide said predetermined resultant vibratory force to said
trough; a controller including means in response to said first
and second signals for generating a detected phase angle signal
corresponding to real time phase angle existing between said

5 first and second shafts, comparison means for comparing said
detected phase angle signal and said predetermined phase angle
signal and generating a motor speed control signal proportional
to the difference between said predetermined phase angle signal
and salid detected phase angle signal, and motor speed control

10 means responsive to said motor speed control signal, for

altering the speed of at least one of said first and second
motors until said detectesd phase angle and said predetermined
phase angle signals are approximately the same value, thereby
providing a resultant vibratory force to said trough

15 substantially the same as the predetermined resultant vibratory

force.

Other objects of the present invention will become
readily apparent to those skilled in the art from the following
20 description and appended drawing wherein there is shown and
described a preferred embodiment of the present invention. As

it will be realized, the invention 1i1s capable of other and

different embodiments, and 1ts
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several details are capable of modifications in various,
obvious aspects, all without departing from the
invention. Accordingly, the drawing and descriptions

will be regarded as illustrative 1in nature and not as

restrictive.

Detailed Description of the Drawing

FIGURE 1 is a schematic of an embodiment of the
present invention showing a side view of a vibratory
conveyor apparatus having eccentric welights mounted on

rotating shafts to impart a vibratory motion to the

conveying trough;

FIGURE 2 1is a top view of the vibratory apparatus
of the present invention showing the respective location

of the eccentric weights and shaft driving elements;

FIGURE 3 1s a sectional view of the apparatus

illustrated in Fig. 2 along lines 3-3;

FIGURE 4 1is a sectional view of the apparatus

illustrated in Fig. 2 taken along lines 4-4;

FIGURE 5 1s a schematic and flow diagram of the
apparatus of Fig. 1 depicting the various routines used
in comparing the speed of rotation of the shafts and
controlling the speed of the motors driving the shafts;

and

FIGURE 6 is another embodiment of the present
invention in which the vibratory motion of the conveyor
trough is imparted by a plurality of crank shafts mounted

on rotating shafts.

Detailed Description of the Preferred Embodiment
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Reference is now made to Figures 1 through 4 in
which the conveyor system is generally noted by the
character numeral 10. A vibratory trough 12 is mounted
to but isolated from a stationary base 14 by a plurality
of isolating springs 16. Three shafts 18, 20 and 22 are
mounted for rotational movement within a frame 24,
preferably secured to the under carriage of trough 12.
Shaft 18 is provided with a pulley 26 that is driven by
belt 28 leading from pulley 30a of a motor 30. Similarly
shaft 20 is provided with a pulley 32 that is driven by
belt 34 from a pulley 36a of a motor 36. Motors 30 and
36 are also preferably secured to frame 24. As best
seen in Fiqure 2, one end of shaft 22 mounts a pulley 38
connected by belt 40 to a pulley 42 secured to the
opposite end of shaft 18. Thus, motor 30 drives both
shafts 18 and 22.

Shafts 18 and 22, respectively, have eccentrically
mounted weights 18a and 22a positioned intermediate the
ends thereof. Preferably the weights 18a and 22a have
the same mass and anqular orientation with respect to
their respective associated shafts. Similarly, shaft 20
has a pair of spaced apart, eccentrically mounted weights
20a intermediate the ends thereof. Shafts .18 and 22
rotate in the opposite direction to shaft 20. Preferably
the total mass of weights 20a are approximately twice
those of the individual masses of weights 18a and 22a.
The theory of operation of an eccentric weight vibratory
conveyor having the capability to alter the speed and
direction of the material carried by the conveyor is
explicitly described in the aforementioned U.S. Patent
5,064,053.

Briefly, however, and as described above, such conveyor
system operates upon the principal of altering the
direction of the maximum resultant force acting on the
conveyor due to the centrifugal forces imparted by the
rotating eccentric weights. The magnitude of the

S A D BN SRS A o et b e 2 : R e R R L O e L A
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resultant force acting on the conveyor goes between a
maximum and minimum 1n a sinusoidal manner. The
direction of the maximum resultant force is dependent
upon the relative phase angle between the position of the
rotating weights. As best seen in Figure 1, shafts 18
and 22 with respective weights 18a and 22a will have an
angle A measured between an outwardly directed radial

line from the center of the respective rotating shafts

kthrough the midpoint of the weights (or some other

selected reference point on the shaft) and a data plane,
e.g., a horizontal plane passing through the respective
shafts. At the same point in time, the weights 20a will
have an angle B similarly measured. The centrifugal
force generated by each of the rotating weights will be
outwardly directed along the respective radial lines.
The direction and magnitude of the movement imparted to
the conveyor at a point in time is determined primarily
by the resultant of the centrifugal forces of the
rotating weights which in turn depends upon the relative
position of the rotating eccentric weights with respect

to each other. For example, if at a first peoint in time,

angles A and B both have the same value, e.g., 135 ° in
quadrant II, the magnitude of the resultant force would
be at a maximum in that direction. Upon rotation of 90°,
angle A is now 225° while angle B is 45°, thus the forces
are pointing in the opposite directions and the resultant
force is a minimum. With an additional rotation of 90°,
the forces are again pointing in the same direction,
315°, in quadrant IV so that the resultant force is at a
maxilmum. A further rotation of 90° causes the resultant
force to again reach a minimum. From this it can be
seen that the resultant force goes to a maximum and
minimum twice in any 360° rotation of the shafts. By
varying the relative positioning or relative phase angle
between the shafts, the direction or angle of attack of
the resultant forces can be changed so that the conveying

rate (and even the direction of movement) of the material
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on the trough can be changed.

A control system for the relative phase angle of the
shafts with respect to one another in accordance with the
present invention is generally illustrated in Figure 1
where 1t may be seen that sensors or proximity switches
42 and 44 are located adjacent shafts 20 and 22 for
sensing the position of its associated rotating shaft.
Such proximity switches are well known in the prior art
and are readily available from Fenner Industrial Controls
located in Maple Grove, Minnesota. Such proximity
switches sense the shafts in a particular position,
called a flag position, denoted by character numeral 23.
The position information gathered by switches 42 and 44
1s continuously provided by signals to a controller 46
which in response to the time sequence or value thereof
generates a real phase angle signal corresponding to the
phase angle difference of the shafts. Controller 46 then
compares the value of the real phase angle signal to a
predetermined phase angle signal representing either the
desired direction of the resultant force or the peak
displacement to be imparted to the conveyor trough. Such
values corresponding to the actual direction or
displacement have been previously determined and then
programmed into the controller from the user input
station 47. The controller 46 then causes the variable
frequency drive 48 to continuously adjust the speed of
motor 36 (and its associated shaft) until the real phase
angle signal approximates the programmed value.
Thereafter the speeds of the motors are maintained
essentially the same. This temporary adjustment of the
rotational speed provides the vibratory conveyor system
the capability of imparting a maximum force in a desired

direction to the vibratory trough.

Figure 5 provides a blended schematic and flow chart

that demonstrates the operation of the control system in
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accordance with the present invention. The controller is
denoted by the dashed lines with character numeral 46,
while the variable frequency drive is denoted by the
dashed rectangle 48. A controller of the type used in
the present invention, known as a M-Track Digital
Synchronization Control, may be obtained from the Ohio
Transmission and Pump Company located in Louisville,
Kentucky. The variable frequency drive may also be

obtalined from the Ohio Transmission and Pump Company

under the tradename VLT series 3000.

Controller 46 receives a multiple of signal inputs
52, 53, 54 and 55 directed toward the logic 50. Input

signal 52 represents a value for the motor speed of motor
30 detected by speed pickup 30a while input 55 is a
signal representing the value for the motor speed of
motor 36 from pickup 36a. Inputs 53 and 54 are the
respective signals representing the respective positions
of flag data point 23 on shafts 18 and 20. The output ¢,
of logic 50 1is a value representing the real time phase
angle difference between shaft 20 and shafts 18, 22,
which, as stated above, 1s a measure of the magnitude and
direction of the resulting force. Another input into
controller 46 is a value ¢, that represents the desired
magnitude and direction of the resulting force received
from the user input station 47. The values ¢, and ¢, are
continuously compared at comparison routine 56. A
continuous loop occurs as long as the values are the
same, l1.e., a YES determination of comparison routine 56.
If the values are not the same, 1.e., a NO determination,
then the speed of motor 36 1s adjusted. This is
accomplished by first reading the speed of motors 30 and
36 at READ 57, allowing the determination of the

relationship between the wvalues ¢, and ¢, at comparison

routine 58. 1In the case of ¢, being less than ¢, or a YES
determination, then variable frequency drive 48 1s caused

to temporarily increase the speed of motor 36 (and its
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associated shaft) until the values are approximately the
same. In the case of ¢, being more than ¢, or a NO
determination, then variable frequency drive 48 is caused
to temporarily decrease the speed of motor 36 until the

values are approximately the same.

The eccentric crank shaft vibratory conveyor system
60 illustrated in Fiqure 6 depicts a pair of rotating
shafts 62 and 64 respectively driven by motors 66 and 68,
all mounted beneath a conveyor trough 70. 8Springs 72,
attached at one end to trough 70 and at the other end to
a base 74, are tuned as appropriate. Proximity switches
80, 82, 84 and 86 measure values for motor speeds and
shaft positions, and provide inputs 88, 90, 92 and 94 to
controller 78 along with the predetermined value for
troﬁgh displacement from user input station 96. Shafts
62 and 64 are each provided with crankshaft arms 98 and

100 that are operatively interlinked and pivotally
connected to trough 70 by a plurality of linked arms 102.
Shafts 62 and 64 may be rotated in opposite directions or
in the same direction, as desired. Through the
connection with crank arms 98, 100 and linked arms 102 to
trough 70, shafts 62 and 64 impart a predetermined
displacement or amplitude to trough 70 and it contents.

The theory of operation of the two shaft eccentric
crankshaft device is set forth in U. S. Patent 5,404,996.
Briefly, however, the location of crank arms with respect to

each other, i.e., the relative phase angle, determines the
periodic maximum and minimum amplitude supplied to trough 70.
When the relative phase angle is changed, the maximum amplitude
imparﬁéd.to.the.trough is changed. As described with respect
to the embodiment of Figure 6, the sensor switches 82 and 84

proximate shafts 62 and 64 provide information as to the

relative location of the
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crankshafts, i.e., the relative phase angle, to
controller 78. The real time value of the relative phase
angle determined by controller 78 is first compared to
the predetermined phase angle input from the user input
station 96. The predetermined phase angle input
corresponds to a desired amplitude being supplied to
trough 70. The speed of motor 68 is altered to vary the
rotational speed of shaft 64 so that the real time wvalue
of the phase angle approaches the value of the
predetermined phase angle value. Once the value of the
predetermined phase angle 1s reached, the speed of motor
68 becomes essentially the same speed as motor 66,

maintaining the proper relative phase angle relationship.

It i1s understood that, in light of a reading of the
foregoing description and drawings, those with ordinary
skill in the art will be able to make changes and
modifications to the present invention without departing

from the spirit or scope of the invention, as defined in

the following appended claims.
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WHAT IS CLAIMED 1IS:

1. A vibratory control system for generating a sinusoidal
vibratory motion in which a resultant vibratory force is
supplied to a conveyor trough at a predetermined angle of
attack resulting in nonparallel vibratory displacements of said
conveyor trough with respect to a direction of conveyance, said
system maintaining or changing sald resultant vibratory force
during operation thereof and comprising:

(a) a support base connected by a plurality of spring
members to said conveyor trough;

(b) a frame connected to said conveyor trough;

(c¢) a first vibratory drive assembly including a first
rotatable shaft, a first phase element connected to said first
rotatable shaft for providing a first varying force to said
conveyor trough when said first rotatable shaft rotates, and a
first motor for rotating said first rotatable shaft;

(d) a second vibratory drive assembly having a single
second rotatable shaft, a second phase element connected to
said second rotatable shaft for providing a second varying
force to said conveyor trough when said second rotatable shaft
rotates, and a second motor for rotating said second rotatable
shaft, said first and second vibratory drive assemblies
collectively providing a resultant vibratory motion with
nonparallel displacements to said conveyor trough as determined
by a relative phase angle relationship between said first and
second phase elements;

(e) detection sensor means associated with each of said
first and second rotatable shafts for generating first and
second signals when locating reference points on sald at least
one first and second rotatable shafts, respectively;

(f) user input means for generating a predetermined
phase angle signal representing a value of the relative phase
angle relationship between said first and second phase elements
required to provide a predetermined resultant vibratory force

to said conveyor trough;
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(g) a controller including

means in response to said first and second signals
for generating a detected phase angle signal corresponding
to a real time phase angle existing between said at least
one first and second rotatable shafts,
comparison means for comparing salid detected phase
angle signal and said predetermined phase angle signal and
generating a motor speed control signal proportional to
the difference between said predetermined phase angle
signal and said detected phase angle signal; and
(h) motor speed control means responsive to said motor
speed control signal, for altering the speed of at least one of
said first and second motors until said detected phase angle
signal and said predetermined phase angle signal are
approximately the same value, thereby providing the resultant
vibratory force to said conveyor trough substantially the same

as the predetermined resultant vibratory force.

2. The system of claim 1 in which said first vibratory drive
assembly includes a pair of shafts each shaft of said pair of
shafts having associated phase elements, sald pair of shafts
being rotably connected by a belt so that each shaft of said

pair of shafts rotates at a same rotational speed.

3. The system of claim 2 in which said assoclated phase
elements are eccentric weights associated with each shaft of

said pair of shafts.

4. The system of claim 3 in which one shaft of said pair of
shafts having the respective associated eccentric weight 1is
constantly in phase with a respective associated eccentric

weight of said second rotating shaft.
5. The system of claim 1 in which said first and second phase

elements are respective first and second crankshafts connected

to said first and second rotating shafts, said first and second
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crankshafts being pivotally connected by a plurality of linkage
arms to sald conveyor trough and imparting the resultant
vibratory motion to said trough with the resultant vibratory

force having a fixed direction.

6. A vibratory control system for adjustably controlling a
resultant force supplied to a conveyor trough by changing a
phase angle relationship between eccentric weights mounted on
rotating shafts comprising:

(a) a base connected by a plurality of spring members to
a conveyor trough;

(b) a frame connected to said conveyor trough;

(c) three shafts each coupled to and rotating respective
associlated eccentric weilights, a first shaft of said three
shafts being driven by a first motor and driving a second shaft
at the same revolutions per minute, and a third shaft being
driven independently of said first shaft by a second motor;

(d) a speed control device continuously adjusting the
speed of one of said first and second motors and the
revolutions per minute of said shafts driven by said one motor
sOo as to maintain the real phase angle at approximately the
same value as the predetermined phase angle, said first and
third shafts and assoclated eccentric weilghts being constantly
in phase with each other, and the angle difference between said
first and third shafts and assoclated eccentric weights and
sald second shaft and associated eccentric weight determining
salid relative phase angle, saild associated welghts collectively
imparting a resultant vibratory force to said conveyor trough;

(e) a palr of phase angle sensing devices each
associated with said first and third shafts and associated
eccentric weights for generating a signal indicative of the
position of the associated eccentric weight;

(f) a control device responsive to the signals received

from said phase angle sensing devices for
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measuring a real time phase angle between said
eccentric weights and comparing the real phase angle value
and a value of a predetermined phase angle and
generating a phase angle signal proportional to a
difference between said real and predetermined phase
angles; and
(g) a motor speed control device responsive to said
phase angle signal for adjusting the speed of one of said
motors until said real phase angle has about the same value as

said predetermined phase angle.

7. The system of claim 6 in which said first and third shafts
and associated eccentric weights are constantly in phase with
each other, and the angle difference between said first and
third shafts and associated eccentric weights and said second
shaft and associated eccentric weight determines sald relataive

phase angle.

8. The system of claim 7 in which a change of phase angle
relationship between said phase elements results in a change in

the direction of the resultant force applied to said trough.

9. A vibrating conveying system for changing or maintaining a
resultant vibratory force supplied to a conveyor trough
comprising:

(a) a support base;

(b) a conveyor trough connected to said support base
through vibratory elements;

(c) a first drive assembly including a first rotatable
shaft, a first phase element connected to said first shaft, and
a motor for rotating said first shaft;

(d) a second drive assembly including a second rotatable
shaft, a second phase element connected to sailid second shaft,
and a second motor for rotating said second shaft, said first
and second shafts providing a resultant vibratory force to said

trough determined by a relative phase angle relationship
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between said first and second phase elements, said first and
second phase elements being crankshafts mounted on said first
and second rotating shafts, said first and second crankshafts
pivotally connected by a plurality of linkage arms to said
trough and i1mparting a vibratory motion to said trough;

(e) detection sensor means assocliated with each of said
first and second shafts for generating first and second signals
when locating reference points on said first and second shafts;

(£) user input means for generating a predetermined
phase angle signal representing a value of a phase angle
relationship between said first and second phase elements
required to provide a predetermined resultant vibratory
displacement to said trough;

(g) a controller including

means in response to said first and second signals

fér generating a detected phase angle signal corresponding
to real time phase angle existing between said first and
second shafts,

comparison means for comparing said detected phase
angle signal and sailid predetermined phase angle signal and
generating a motor speed control signal proportional to
the difference between said predetermined phase angle
signal and sald detected phase angle signal, and

motor speed control means responsive to sald motor
speed control signal, for altering the speed of at least
one of said first and second motors until said detected
rhase angle and said predetermined phase angle signals are
approximately the same value, said change of relative
phase angle relationship between said phase elements
results in a change in the magnitude of the resultant
force applied to said trough and thereby providing a
resultant vibratory force to said trough substantially the

same as the predetermined resultant vibratory force.

10. A vibrating conveying system for generating a sinusoidal

vibratory motion in which a resultant vibratory force supplied
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to said conveyor trough 1s at a predetermined angle of attack
to said conveyor trough resulting in nonparallel vibratory
displacements of said conveyor trough with respect to a
direction of conveyance, sald system maintaining or changing

said resultant vibratory force during operation thereof and

comprising:
(a) a support base;
(b) a conveyor trough connected to said support base

through vibratory elements;

(c) a first vibratory drive assembly 1including a first
rotatable shaft, a first phase element connected to said first
shaft, and a first motor for rotating said first shaft;

(d) a second vibratory drive assembly having a single
second rotatable shaft connected to a second phase element, and
a second motor for rotating said second shaft, said first and
second vibratory drive assemblies collectively providing a
resultant vibratory force with said nonparallel displacements
to said trough as determined by a relative phase angle
relationship between said first and second phase elements;

(e) detection sensor means assoclated with each of said
first and second shafts for generating first and second signals
when locating reference points on said first and second shafts;

(f) user input means for generating a predetermined
phase angle signal representing a value of a phase angle
relationship between said first and second phase elements
required to provide said predetermined resultant vibratory
force to said trough;

(g) a controller including

means in response to sald first and second signals
for generating a detected phase angle signal corresponding
to real time phase angle existing between said first and

second shafts,
compariscon means for comparing said detected phase

angle signal and said predetermined phase angle signal and

generating a motor speed control signal proportional to
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the difference between said predetermined phase angle
signal and sailid detected phase angle signal, and

motor speed control means responsive to said motor
speed control signal, for altering the speed of at least
one of said first and second motors until said detected
phase angle and sald predetermined phase angle signals are
approximately the same value, thereby providing a
resultant vibratory force to said trough substantially the

same as the predetermined resultant vibratory force.

11. The system of claim 10 in which said first vibratory drive
element includes a pair of shafts each having associated phase
elements, said pair of shafts being rotably connected by a belt

so that each of said pailr of shafts rotates at the same

revolutions per minute.

12. The system of claim 11 in which said phase element being
eccentric weights associated with each of said shaft, one of
said pairs of rotating shafts having respective associated
eccentric weight constantly in phase with respective associated

eccentric weight of said single rotating shaft.

13. The system of claim 10 1n which said first and second
phase elements are crankshafts mounted on said first and second
rotating shafts, said first and second crankshafts pivotally
connected by a plurality of linkage arms to said trough and

imparting a vibratory motion to said trough and a resultant

force having a fixed direction.
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