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(54) VIBRATING CONVEYOR AND THE METHOD FOR CONTROLLING THE OPERATION OF THE

VIBRATING CONVEYOR

(57)  The subject matter of the invention relates to a
vibrating conveyor and a method for controlling the op-
eration of the vibrating conveyor with variable perform-
ance, with the possibility of stopping transport. The con-
veyor is characterised in that it comprises a dynamic
mass of the eliminator (2), the centre of gravity (9) of
which lies on the line of action of the resultant force of
the electro-vibrators (3), and also comprises a resilient
suspension of the mass of the eliminator (2) which is
provided by an additional coil spring (5) with the axis co-
inciding with the direction of the line of action of the elec-
tro-vibrators (3) resultantforce and atleast a pair of spring
bars (6) with a longitudinal axis perpendicular to the di-
rection of the line of action of the resultant force of the

electro-vibrators (3). The method for controlling the op-
eration of the vibrating conveyor consists in that, the ex-
citation frequency (o) of the electric motors of the elec-
tro-vibrators (3) is set and smoothly adjusted by means
of inverters (7) so that the operating point (W) is situated
on the rising slope of the second resonance of the con-
veyor characteristic A(o) describing the dependence of
the vibration amplitude (A) of the trough (1) on the exci-
tation frequency (o), whereas in order to stop the trans-
port, with the vibration drive on, the excitation frequency
(o) is reduced to a value equal to or close to the partial
eigenfrequency w4 of the mass of the eliminator (2) so
that the operating point (W) is situated in the anti-reso-
nance valley (V) preceding the second resonance.
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Description

[0001] The subject matter of the invention relates to a
vibrating conveyor and a method for controlling the op-
eration of the vibrating conveyor with variable perform-
ance, with the possibility of stopping transport, applicable
to the transport of materials, especially in the mining and
processing industry, in technological lines requiring fre-
quent stopping and changing of operating parameters.
[0002] The American patent specification
US3064357A discloses a conveyor having a control sys-
temwhich, by means of an arrangement of sensors, anal-
yses the thickness of the feed layer and the transport
speed. On this basis, the amount of material that has
been transported is calculated and it is possible to switch
off the conveyor at the right moment. After switching off
the vibrating conveyor, the transport continues for some
time due to machine vibrations during coastdown. A sim-
ilar effect also occurs in the solutions known from Amer-
ican patent specifications US3053379A orUS4771894A,
in which atrough supported on a spring system is excited
to vibrations by means of counter-rotating self-synchro-
nizing vibrators. The resultant force originating from the
vibrator system passes through the centre of mass of the
trough system causing its rectilinear vibrations and is
transferred to the feed, causing its transport.

[0003] The Polish patent specification PL425086B1
discloses a highly efficient dosing vibrating conveyor with
the possibility of a smooth adjustment of performance
during operation. The conveyor comprises a main sus-
pension, a vibrating trough driven by self-synchronizing
inertial vibrators with a smooth adjustment of rotational
speed, the resultant force of which passes through the
centre of gravity of the conveyor body. Moreover, the
conveyor comprises at least one additional resonant vi-
bration damping system connected to the vibrating
trough, one end of the damping system being connected
to the vibrating conveyor, and the other end thereof being
fixed in an immovable manner. Stopping the speed car-
ried out by slowing down the vibrations of the trough to
low speeds at which the transport stops. When being
stopped, the system passes through a resonant zone,
but is equipped with special dampers which reduce un-
desired excitation in this zone. To some extent, it regu-
lates the course of the trough braking and the transport
speed of the feed. A characteristic is then obtained which
allows the device to be used as a dispenser. Also, in
Japanese patent specification JP6206962B2 stopping
the transport of the feed on the conveyor is carried out
by reducing the excitation frequency and, consequently,
the amplitude of vibrations of the trough. The operating
and stopping points of the conveyor in the above solution
are determined at over resonance frequencies. This al-
lows the system to gradually reduce the transport speed
until it stops.

[0004] There are also known vibration conveyors in
which dynamic elimination of excitation forces acting on
the trough is used to suppress vibrations causing trans-
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port. For example, the Polish patent application
P.425950, discloses a vibrating conveyor comprising a
trough open at least at one end, resiliently supported in
a substantially horizontal position, and a vibration drive
in the form of a pair of self-synchronizing counter-rotating
electro-vibrators suspended under the conveyor trough
at an angle such that their resultant force passes through
the centre of gravity of the trough lying on a vertical plane
guided through the longitudinal axis of the trough, and
the axes of rotation of the electro-vibrators are perpen-
dicular to that plane. By means of an additional resilient
suspension, which may be provided by e.g. coil springs
with axes parallel to the direction of action of the resultant
force of the electro-vibrators, a mass of the eliminator is
attached to the trough in such a way that its centre of
gravity coincides with the centre of gravity of the trough.
The mass of the eliminator has degrees of freedom lim-
ited to one translational degree in the coincident direction
with the direction of the resultant force of electro-vibra-
tors, which are connected via known drive transmission
means to electric motors equipped with rotational speed
regulators.

[0005] The present invention provides for a steady-
state operation of a conveyor in the resonance zone of
the second resonance and solves a technical problem,
that consists in the combination of features such as: the
possibility of smoothly controlling the performance from
0-100% during operation, the possibility of immediately
stopping the flow of feed from the conveyor without to
switch off the drive and without the necessity for the sys-
tem to pass through successive resonance zones, as
well as the problem of too large amplitudes of the elimi-
nator in the case of steady-state operation before the
anti-resonance zone.

[0006] The essence of the vibrating conveyor, com-
prising a trough open at least at one end, resiliently sup-
ported in a substantially horizontal position, and a vibra-
tion drive in the form of a pair of self-synchronizing coun-
ter-rotating electro-vibrators with the possibility of
smooth adjustment of rotation and suspended under the
conveyortrough atan angle such thattheirresultant force
passes through the centre of gravity of the trough lying
on a vertical plane passing through the longitudinal axis
of the trough, and the axes of rotation of the electro-vi-
brators are perpendicular to this plane, and further com-
prising a mass of the eliminator attached to the trough
by means of a resilient suspension in such a way that
the mass of the eliminator has degrees of freedom limited
to one translational degree in the coincident direction with
the direction of the resultant force of electro-vibrators,
which are connected via known drive transmission
means to electric motors equipped with rotational speed
regulators, which are inverters, consists in that the centre
of gravity of the mass of the eliminator lies on the line of
action of the resultant force of the electro-vibrators, and
the resilient suspension of the mass of the eliminator is
provided by an additional coil spring with the axis coin-
ciding with the direction of the line of action of the resultant



3 EP 4 008 656 A1 4

force of the electro-vibrators and at least one pair of
spring bars with a longitudinal axis perpendicular to the
direction of the line of action of the resultant force of elec-
tro-vibrators.

[0007] Preferably, the resilient support of the trough is
provided by four identical coil springs arranged in the
corners of the trough at equal distances from its centre
of gravity.

[0008] Also preferably, the direction of action of the
resultant force of the electro-vibrators is inclined relative
to the surface of the trough at an angle of 30 degrees.
[0009] Also preferably, the mass of the eliminator is
supported on four spring bars, arranged in pairs on both
its sides.

[0010] The essence of a method for controlling the op-
eration of the vibrating conveyor, comprising a trough
open at least at one end, resiliently supported in a sub-
stantially horizontal position, and a vibration drive in the
form of a pair of self-synchronizing counter-rotating elec-
tro-vibrators with the possibility of smooth adjustment of
rotation and suspended under the conveyor trough at an
angle such that their resultant force passes through the
centre of gravity of the trough lying on a vertical plane
passing through the longitudinal axis of the trough, and
the axes of rotation of the electro-vibrators are perpen-
dicular to this plane, and further comprising a mass of
the eliminator attached to the trough by means of a re-
silient suspension in such a way that the mass of the
eliminator has degrees of freedom limited to one trans-
lational degree in the coincident direction with the direc-
tion of the resultant force of electro-vibrators, which are
connected via known drive transmission means to elec-
tric motors equipped with rotational speed regulators,
which are inverters, and where the centre of gravity of
the mass of the eliminator lies on the line of action of the
resultant force of the electro-vibrators, and the resilient
suspension of the mass of the eliminator is provided by
an additional coil spring with the axis coinciding with the
direction of the line of action of the resultant force of the
electro-vibrators, and at least one pair of spring bars with
a longitudinal axis perpendicular to the direction of the
line of action of the resultant force of electro-vibrators, is
characterised in that in order to set the mode of operation
of the conveyor at the state of transport with a predeter-
mined performance, by means of inverters, the excitation
frequency of the electric motors of the electro-vibrators
is set at the operating point located on the rising slope
of the second resonance, and in order to change the per-
formance of the conveyor, during its operation, the exci-
tation frequency is adjusted by means of inverters so that
the operating point reaches the required vibration ampli-
tude of the trough and is still on the rising slope of second
resonance, whereas in order to stop the transport, with
the vibration drive on, the excitation frequency is reduced
by means of inverters to a value equal to or close to the
eigenfrequency of the mass of the eliminator on its sus-
pension so that the operating point is situated in the anti-
resonance valley, preceding the second resonance.
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[0011] An exemplary embodiment of the invention is
illustrated by means of a schematic drawing, where Fig.
1. shows a simplified drawing of the conveyor, whereas
Fig. 2 shows amplitude characteristics of the operation
of its trough with marked an anti-resonance valley and
an operating point on the rising slope of the second res-
onance.

[0012] The vibrating conveyor (Fig. 1) comprises a
trough 1 open on both sides, resiliently supported so that
its working surface is in a horizontal position. The support
of the trough 1 is provided by four identical coil springs
4 arranged in the corners of the trough 1 in such a way
that the support places are located at equal distances
from the centre of gravity 9 of the trough 1. To the trough
1, in the lower part of the body, which is an integral part
thereof, is suspended a vibration drive in the form of a
pair of self-synchronizing counter-rotating electro-vibra-
tors 3 equipped with rotational speed regulators which
are inverters 7. The direction of action of the resultant
excitation force of the electro-vibrators 3 passes through
the centre of gravity 9 of the trough 1 lying on a vertical
plane passing through the longitudinal axis of the trough
1 and is inclined relative to the surface of the trough 1 at
an angle (B) = 30°. The axes of rotation of the electro-
vibrators 3 are perpendicular to this plane. Inside the
body integrated with the trough 1, there is the mass of
the eliminator 2 such that its centre of gravity 9 lies in the
direction of action of the resultant force of the electro-
vibrators 3. The mass of the eliminator 2 has degrees of
freedom limited to one translational degree in the coin-
cident direction with the direction of resultant force of the
electro-vibrators 3 due to the fact that it is suspended
inside the body of trough 1 by means of a resilient sus-
pension which is provided by an additional coil spring 5
with the axis coinciding with the direction of the line of
action of resultant force of the electro-vibrators 3, and
two pairs of spring bars 6 with a longitudinal axis perpen-
dicular to the direction of the line of action of resultant
force of the electro-vibrators 3, arranged in pairs, sym-
metrically on both sides of the mass of the eliminator 2.
[0013] The method for controlling the operation of the
vibrating conveyor consists in that, after switching on the
drive, the excitation frequency (o) is increased by means
of inverters 7 so that the conveyor passes through the
firstresonance (Fig. 2) atw=35rad/s (5.6 Hz) and through
the anti-resonance valley (V) in the range ©=110+120
(17.5 Hz = 19.1 Hz) in the vicinity of the dynamic elimi-
nation frequency, which takes place at o=w, =115 rad/s
(18,3 Hz), reaching the operating point (W) with a fixed
performance, situated on the rising slope of the second
resonance. In the embodiment, the achieved operating
point (W) on the amplitude characteristic of the conveyor
A(o), describing the dependence of the amplitude (A) of
the trough 1 on the excitation frequency (o), has the co-
ordinates ©=157 rad/s (25 Hz) and A=0.0026 m. This
ensures the appropriate amplitude, suitable for the as-
sumed lift coefficient and the assumed transport speed.
With these parameters, the feed 8 starts to be fed onto
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the conveyor and the transport is carried out with a pre-
determined performance. In order to change the perform-
ance of the conveyor, during its operation, the excitation
frequency (o) is adjusted by means of inverters 7 increas-
ing or decreasing it so that the operating point (W) reach-
es another, required vibration amplitude (A) of the trough
1 and is still on the rising slope of the second resonance.
In this way, the performance of the conveyor can be
smoothly adjusted. On the other hand, in order to stop
the transport, with the vibration drive switched on, the
excitation frequency (o) is decreased by means of invert-
ers 7 so that the operating point (W) is in the anti-reso-
nance valley (V) preceding the second resonance, which
corresponds to the excitation frequency (o) being equal
or close to the eigenfrequency o of the mass of the
eliminator 2 on its suspension, in the direction of the re-
sultant excitation force. The mass of the eliminator 2 at
this excitation frequency acts as a dynamic eliminator of
the mass of the trough 1, in a similar way to the Frahm
eliminator. Additionally, to ensure the desired movement,
the mass of the eliminator 2, is guided by a set of spring
bars 6 having a high longitudinal stiffness. This ensures
oscillation of the mass of the eliminator 2 along the ex-
citation straight line.

[0014] If the mass of the eliminator 2 is m, and the
total stiffness of its suspension in the direction of action
of the excitation force is kg, the eigenfrequency o4, the
so-called partialin this direction is defined by the following
formula:

Wep =

[0015] Atthe excitation frequency (o) equal to or close
to the eigenfrequency (o, the vibrations of the mass of
the eliminator 2 are established in such a way that the
force in the resilient elements balances - in the absence
of damping in the system - the exciting force Py sin o t,
extinguishing the vibrations of the mass of the trough 1.
This phenomenon occurs regardless of the frequency of
natural vibrations of the basic system before attaching
the eliminator 2.

[0016] In this case, the Frahm eliminator system oper-
ates in an anti-resonance valley surrounded on two sides
with resonance regions; the width of the valley depends
on the ratio of the mass of the eliminator 2 to the mass
of the trough 1. Stopping the vibrations of the trough 1,
and thus the transport of the feed, can be achieved in a
short time, and the vibrations of the trough 1 may be
suppressed almost completely. It should be noted that
the transport of the feed 8 is stopped even with small
vibrations ofthe trough 1 before their complete extinction,
as soon as the lift coefficient is less than one.

[0017] This conveyor is very well suited for a precise
dosing of the feed, especially in the mode of frequent
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stopping of transport. The advantage of this solution is
also the fact that the feed 8 on the trough 1 is evenly
distributed along its length when the transport is stopped.
The transport is resumed when the excitation frequency
(o) of unbalanced masses of electro-vibrators 3 increas-
es to a frequency close to the system resonance asso-
ciated with the second resonance zone. Then the vibra-
tions of the mass of the eliminator 2 will not significantly
affect the vibrations of the mass of the trough 1 and the
transport will take place at a speed typical of a given class
of machines.

[0018] By manipulating the motor operating frequency
within the range of 20-25Hz, the full performance range
(0-100%) can be achieved. The device therefore enables
quick and smooth changes of performance, including
stopping, and enables an efficient resumption of the
transport, as there is no need to stop and start the motors.

Claims

1. A vibrating conveyor, comprising a trough open at
least at one end, resiliently supported in a substan-
tially horizontal position, and a vibration drive in the
form of a pair of self-synchronizing counter-rotating
electro-vibrators with the possibility of a smooth ad-
justment of rotation and suspended under the con-
veyor trough at an angle such that their resultant
force passes through the centre of gravity of the
trough lying on a vertical plane passing through the
longitudinal axis of the trough, and the axes of rota-
tion of the electro-vibrators are perpendicular to this
plane, and further comprising a mass of the elimina-
tor attached to the trough by means of a resilient
suspension in such a way that the mass of the elim-
inator has degrees of freedom limited to one trans-
lational degree, in the direction coincident with the
direction of the resultant force of the electro-vibrators
equipped with rotational speed regulators, which are
inverters, characterised in that the centre of gravity
of the mass of the eliminator 2 lies on the line of
action of the resultant force of the electro-vibrators
(3), and the resilient suspension of the mass of the
eliminator (2) is provided by an additional coil spring
(5) with the axis coinciding with the direction of the
line of action of the resultant force of the electro-
vibrators (3) and at least one pair of spring bars (6)
with a longitudinal axis perpendicular to the direction
of the line of action of the resultant force of the elec-
tro-vibrators (3).

2. The vibrating conveyor according to claim 1, char-
acterized in that the resilient support of the trough
(1) is provided by four identical coil springs (4) ar-
ranged in the corners ofthe trough at equal distances
from the centre of gravity (9) of the trough (1).

3. The vibrating conveyor according to claim 1, char-
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acterized in that the direction of the line of action
of the resultant force of the electro-vibrators (3) is
inclined relative to the surface of the trough (1) atan
angle (B) = 30°.

The vibrating conveyor according to claim 1, char-
acterized in that the spring bars (6) are arranged in
pairs on both sides of the mass of the eliminator (2).

A method for controlling the operation of the vibrating
conveyor, comprising a trough open at least at one
end, resiliently supported in a substantially horizon-
tal position, and a vibration drive in the form of a pair
of self-synchronizing counter-rotating electro-vibra-
tors with the possibility of smooth adjustment of ro-
tation and suspended under the conveyor trough at
an angle such that their resultant force passes
through the centre of gravity of the trough lying on a
vertical plane passing through the longitudinal axis
of the trough and the axes of rotation of the electro-
vibrators are perpendicular to this plane, and further
comprising the mass of the eliminator attached to
the trough by means of aresilient suspension in such
a way that the mass of the eliminator has degrees
of freedom limited to one translational degree in the
direction of the resultant force of the electro-vibra-
tors, which are connected via known drive transmis-
sion means to electric motors equipped with rota-
tional speed regulators, which are inverters, and
wherein the centre of gravity of the mass of the elim-
inator (2) lies on the line of action of the resultant
force of the electro-vibrators (3), and the resilient
suspension of the mass of the eliminator (2) is pro-
vided by a coil spring (5) with the axis coinciding with
the direction of the line of action of the resultant force
of the electro-vibrators (3) and at least one pair of
spring bars (6) with a longitudinal axis perpendicular
to the direction of the line of action of the resultant
force of the electro-vibrators (3),

characterized in that

- in order to set the mode of operation of the
conveyor in the transport state with a predeter-
mined performance, inverters (7) are used to set
the excitation frequency (o) of the electric mo-
tors of the electro-vibrators (3) at the operating
point (W) situated on the rising slope of the sec-
ond resonance of the conveyor characteristics
A(o) describing the dependence of the vibration
amplitude (A) of the trough (1) on the excitation
frequency (o), and

- in order to change the performance of the con-
veyor, during its operation, the excitation fre-
quency (o) is adjusted by means ofthe inverters
(7) so that the operating point (W) reaches the
required vibration amplitude (A) of the trough (1)
and is still on the rising slope of the second res-
onance of the characteristic A(w), whereas
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- in order to stop the transport, with the vibration
drive switched on, the excitation frequency ()
is reduced by means of inverters (7) to a value
equal to or close to the eigenfrequency og of
the mass of the eliminator (2) on its suspension,
called the partial frequency, so thatthe operating
point (W) is situated in the anti-resonance valley
(V) preceding the second resonance.
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