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DESCRIPTION

Technical field

[0001] The invention relates to an arrangement for handling screening material, e.g. material
fed to a screen such as aggregate, ore or similar. The invention also relates to a method for
monitoring operation of an arrangement for handling screening material.

Background art

[0002] Mineral material, for example rock, is gained from the earth for crushing by exploding or
excavating. The rock can also be natural rock and gravel or construction waste. Mobile
crushers and stationary crushing applications are used in crushing. An excavator or wheel
loader normally loads the material to be crushed into the crusher's feed hopper from where the
material to be crushed may fall in a jaw of a crusher or a feeder, like a conveyer, moves the
rock material towards the crusher. The material to be crushed may also be recyclable material
such as concrete, bricks, or asphalt.

[0003] Another common way of conveying a material in the plant is through a chute which is
advantageous compared with letting it fall freely since the large amounts of dust that would
otherwise occur will be reduced. Moreover, a free fall will not contain the material in a stream.
In a telescopic chute, the falling material generates a pressure below atmospheric in the chute,
whereby air is drawn into the space between the chute elements and dust is prevented from
being spread.

[0004] The material which is crushed in a crusher is finally transported from the crusher to a
screen. The product passing through the screen, or going over the screen deck, can be guided
to further processing in the same plant or another plant which processes mineral material, or to
a pile.

[0005] There are a number of problems that may occur when handling the material in the
plant, such as material build-up, over-loaded screens, worn screen elements and over-sized
material getting stuck during transport.

[0006] US 4 909 449 A relates to a first stage of a rock crushing plant. Nonmaterial contacting
level sensors, such as ultrasonic transducers are used to sense the level of rock within a
hopper and within a cavity of a rock crusher. The output signals from the level and load
sensors are compared with preset values to adjust the feed rate of rock being delivered to the
primary crusher in order to optimize the throughput of rock in the first crushing stage of the
plant.
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[0007] JP S61 114177 A relates to a ultrasonic wave transmitter/receiver for measuring a
distance between spray painting equipment and an object to be painted by transmitting and
receiving ultrasonic waves.

[0008] EP 3 315216A1 relates to a detection system in a screening device for screening
material, e.g. aggregate, ore or similar, comprising at least one screening deck, the at least
one screening deck having a screening surface comprising one or more screening modules.
The system comprises a sensor arranged at or near at least one screening deck of the
screening device. The sensor is arranged such that it can detect objects present leaving the at
least one screening deck.

[0009] WO 2009/132128 A1 relates to a vibratory separator having a motion control switch
operatively connected to at least one actuator of the separator and configured to modulate
motion thereof. Sensors are used to monitor the rate of drilling fluid flow into the vibratory
separator.

[0010] US 5 943 231 A relates to a computer controlled separator device. The computer
control system monitors the operation of the separator device and makes any adjustments
necessary to maintain optimal operation. Sensors, including position indicators, are used to
supply input data for the computer control system.

Summary of the invention

[0011] It is an objective of the present invention to mitigate, alleviate or eliminate one or more
of the above-identified deficiencies in the art and disadvantages singly or in any combination
and solve at least the above mentioned problems.

[0012] According to a first aspect, these and other objects, and/or advantages that will be
apparent from the following description of embodiments, are achieved, in full or at least in part,
by an arrangement for handling screening material, e.g. aggregate, ore or similar. The
arrangement comprises an ultrasonic detection system and screening deck and/or a screening
duct on or in relation to which screening material is traveling.

[0013] The ultrasonic detection system comprises an ultrasonic transmitter arranged at the
arrangement, and adapted to send out an ultrasonic signal towards the surface, an ultrasonic
receiver adapted to receive the ultrasonic signal, and a control unit connected to the ultrasonic
transmitter and the ultrasonic receiver. The control unit is adapted to detect at least one
parameter of the ultrasonic signal.

[0014] The term screening material should be interpreted as material intended to be screened,
transported or processed. The material could be aggregate, ore or similar.

[0015] The at least one parameter may thereafter be used to draw conclusions relating to the
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operational status of the arrangement.

[0016] This is advantageous in that any potential operation problems of the arrangement can
be detected in a simple and reliable way. The solution is also cost efficient compared to the
solutions available on the market today.

[0017] The control unit is adapted to detect a difference in the at least one parameter based
on a comparison between the ultrasonic signal and a reference signal.

[0018] When a time period is used as the comparison parameter, the control unit will detect
the time period it takes for the ultrasonic signal to travel to the surface of the arrangement or
the screening material present on the surface, and back to the ultrasonic receiver. That time
period may thereafter be compared with the corresponding time period of a reference signal.

[0019] Specifically, the detected time period can for example be compared with a targeted time
period stored in the control unit or read from a table. It can also be compared with a detected
time period of a reference signal which is conducted in the same manner as described above
when the arrangement is running without load., i.e. under ideal circumstances. In case the
arrangement comprises a screen, the control unit may be configured to learn a stroke of a
vibrating screen deck of the screen and set that as a reference value. Should the difference
between the time period of the ultrasonic signal and the reference signal deviate more than a
predetermined error margin it can be concluded that there is an operating deviation with
arrangement, potentially indicating a problem.

[0020] The ultrasonic transmitter may be arranged close to an edge of the arrangement. The
ultrasonic transmitter may further be arranged on any other part of the arrangement, such as
anywhere on a screen deck, or beside, behind or below a screen deck or between adjacent
screen decks. The arrangement may comprise a screen. The ultrasonic transmitter may be
arranged at a screen deck of the screen being close to a discharge end of the screen deck. It
may be advantageous to detect the ultrasonic signal just before the material fall off the screen
deck.

[0021] The ultrasonic detection system further comprises cleaning means connected to the
control unit and arranged at the one ultrasonic transmitter and the ultrasonic receiver, wherein
the control unit is adapted to control a cleaning process of the ultrasonic transmitter and/or the
ultrasonic receiver using the cleaning means.

[0022] According to alternative embodiments, the cleaning means is connected to a further
control unit and arranged at the ultrasonic transmitter and the ultrasonic receiver, wherein the
further control unit is adapted to control a cleaning process of the ultrasonic transmitter and/or
the ultrasonic receiver using the cleaning means. The use of separate control units for
controlling the ultrasonic transmitter/receiver and the cleaning means may be advantageous as
it allows for an easier and more flexible system increasing the ease of customization.
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[0023] The control unit may be adapted to report that a problem has been identified if the
difference in the at least one parameter is outside of an acceptable interval. This implies that
the control unit may be adapted to report that a problem has been identified if the difference in
the at least one parameter is above a threshold value. It may further imply that that the control
unit may be adapted to report that a problem has been identified if the difference in the at least
one parameter is below a threshold value.

[0024] The ultrasonic detection system comprises a protective case at least partly housing the
ultrasonic transmitter and the ultrasonic receiver.

[0025] The protective case may be inclined in relation to the surface of the arrangement, and
the cleaning means may comprise air blowing means.

[0026] One or more from the ultrasonic transmitter and the ultrasonic receiver may comprise a
piezo element.

[0027] The ultrasonic transmitter and the ultrasonic receiver may be constituted by one single
element, the single element comprising a piezo element.

[0028] The ultrasonic transmitter and the ultrasonic receiver may be arranged at the
arrangement to face each other in an opposing manner.

[0029] The at least one parameter is constituted by a time period, a frequency of the ultrasonic
signal, and/or an amplitude of the ultrasonic signal.

[0030] The parameter to be analysed by the control unit can be the time period it takes for the
ultrasonic signal to travel from the ultrasonic transmitter to the surface of the arrangement of
the material present on the surface, and back to the ultrasonic receiver. It can also be the
actual frequency or the amplitude of the ultrasonic signal as well as a combination of all of the
above.

[0031] The reference signal can be constituted by a predetermined signal which for example is
read from a table based on the screening material present on the screen when the ultrasonic
signal is sent. It can also be constituted by an actual measurement conducted in the same
manner as described above but at an earlier or later stage.

[0032] The arrangement may comprise a plant, a screen, a screening deck, a conveyor belt, a
chute, a feed box or a discharge box.

[0033] According to a second aspect, these and other objects are achieved, in full or at least in
part, by a screen for screening material, e.g. aggregate, ore or similar, which screen has a
screen frame and screen elements arranged in the screen frame, and comprises a self-
cleaning arrangement according to the first aspect of the invention.
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[0034] According to a third aspect, these and other objects are achieved, in full or at least in
part, by a method for monitoring operation of an arrangement for handling screening material,
e.g. aggregate, ore or similar. The method comprises the steps of sending out an ultrasonic
signal from an ultrasonic transmitter towards a surface of the arrangement, receiving the
ultrasonic signal by an ultrasonic receiver, and detecting at least one parameter of the
ultrasonic signal.

[0035] The method may further comprise the step of comparing the ultrasonic signal with a
reference signal based on the at least one parameter, and conducting a specific action if a
difference in the at least one parameter between the ultrasonic signal and the reference signal
outside of an acceptable interval.

[0036] Effects and features of the second and third aspect of the present invention are largely
analogous to those described above in connection with the first aspect of the inventive
concept. Embodiments mentioned in relation to the first aspect of the present invention are
largely compatible with the further aspects of the invention.

[0037] According to the invention, an arrangement for handling screening material, e.g.
aggregate, ore or similar, having a cleaning detection system is provided. The cleaning system
comprises at least one ultrasonic transmitter arranged at a surface of the arrangement, and
adapted to send out an ultrasonic signal towards the surface, at least one ultrasonic receiver
arranged at the surface, and adapted to receive the ultrasonic signal, and a protective case at
least partly housing the at least one ultrasonic transmitter and the at least one ultrasonic
receiver. The cleaning detection system comprises a control unit connected to the at least one
ultrasonic transmitter and the at least one ultrasonic receiver, and adapted to detect a
difference in at least one parameter based on a comparison between the ultrasonic signal and
a reference signal.

[0038] The cleaning detection system further comprises cleaning means arranged at the
protective case, the cleaning means comprising air blowing means adapted to clean the
protective case.

[0039] The control unit is configured to control the cleaning means. For example, the control
unit may be configured to activate air blowing means in timely intervals. Alternatively, the
control unit may be configured to activate and control air blowing means for continuous
operation.

[0040] The control unit may comprise more than one control sub unit. For example, a first
control sub unit may be configured to control the cleaning means and a second control sub unit
may be configured to control the ultrasonic transmitter and the ultrasonic receiver. The control
sub units may be connected to each other, but alternatively, the control sub units may be
operating independent from each other. The cleaning detection system may be actively
checked for dirt and, in case dirt is detected, the cleaning means may be activated to clean the
system.
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[0041] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
constituted by one single element, wherein the single element comprises a piezo element.

[0042] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
comprised in one single unit.

[0043] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
arranged at the arrangement to face each other in an opposing manner.

[0044] The signal may be sent out in a direction substantially perpendicular to the surface of
the arrangement.

[0045] The signal may be sent out in a direction forming an oblique angle to the surface of the
arrangement.

[0046] The angle may be adjustable to allow optimizing the system.

[0047] The at least one parameter may be constituted by a time period, a frequency of the
ultrasonic signal, and/or an amplitude of the ultrasonic signal.

[0048] The control unit may be adapted to report that problem has been identified if the
difference in the at least one parameter is outside of an acceptable interval.

[0049] The control unit may further be connected to the cleaning means, and adapted to
initiate cleaning of the protective case by means of the cleaning means at predetermined time
intervals.

[0050] The arrangement may comprise a plant, a screen, a screening deck, a conveyor belt, a
chute, a feed box or a discharge box.

[0051] According to yet another aspect, a method for detecting a cleaning requirement of an
arrangement for handling screening material, e.g. aggregate, ore or similar, is provided. The
method comprises the steps of sending out an ultrasonic signal towards a surface of the
arrangement, and receiving the ultrasonic signal. The method is characterised by the step of
detecting a difference in at least one parameter based on a comparison between the ultrasonic
signal and a reference signal.

[0052] The method may further comprise the step of conducting a specific action if the
difference in the at least one parameter is outside of an acceptable interval.

[0053] According to yet another aspect, an arrangement for handling screening material, e.g.
aggregate, ore or similar, is provided. The detection system comprises two or more ultrasonic
transmitters, arranged at different positions of the arrangement and, each, adapted to send out
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an ultrasonic signal towards a surface of the arrangement, and two or more ultrasonic
receivers, each adapted to receive the respective ultrasonic signal. The detection system
further comprises a control unit connected to the ultrasonic transmitters and the two or more
ultrasonic receivers, and adapted to detect a difference in at least one parameter based on a
comparison between the ultrasonic signals and a reference signal.

[0054] By comparing the parameters of the ultrasonic signals, information regarding for
example the material distribution over the surface of the screen can be evaluated.

[0055] According to an embodiment, an ultrasonic transmitter and an ultrasonic receiver are
comprised in one single unit, referred to as an ultrasonic detection unit. A detection system in
an arrangement comprising two or more ultrasonic detection units is thus provided.

[0056] According to an embodiment, the detection system comprises two ultrasonic units. The
two ultrasonic units can be arranged at different positions of the arrangement, such as along
the extension of a screening deck. As an example, a first ultrasonic unit can be arranged at a
first side of the screening deck whereas a second ultrasonic unit can be arranged in parallel
with the first ultrasonic unit at a second side of the screening deck. By means of the control unit
connected to a monitoring system, the material flow of each of the first and second sides of the
screening deck can be monitored and evaluated, giving an indication of the material
distribution.

[0057] According to an embodiment, the detection system comprises a mesh comprising at
least six ultrasonic transmitters and six ultrasonic receivers distributed over the surface of a
screening deck of the arrangement deck. By arranging a mesh comprising plurality of
ultrasonic transmitters and ultrasonic receivers, or ultrasonic detection units over the surface of
the screening deck, the material flow thereon can be evaluated and monitored over a larger
area. This provides the possibility of detecting an abnormality, such as a tilting screen or
uneven material distribution, at an early stage and thus allowing for an early remedy of such an
abnormality. Thereby, the operation efficiency of the screening arrangement is increased.

[0058] According to an embodiment, the detection system comprises a moveable structure on
which one or more ultrasonic units is arranged. The moveable structure can be used to move
the ultrasonic unit in accordance with a pattern, preferably according to a predetermined
pattern, such that the whole surface, or at least preferred parts thereof, of the screening deck
can be covered.

[0059] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
constituted by one single element, wherein the single element comprises a piezo element.

[0060] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
arranged at the arrangement to face each other in an opposing manner.

[0061] The signal may be sent out in a direction substantially perpendicular to the surface of
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the arrangement.

[0062] The signal may be sent out in a direction forming an oblique angle to the surface of the
arrangement.

[0063] The angle may be adjustable to allow optimizing the system.

[0064] The at least one parameter may be constituted by a time period, a frequency of the
ultrasonic signal, and/or an amplitude of the ultrasonic signal.

[0065] The control unit may be adapted to report that a problem has been identified if the
difference in the at least one parameter is outside of an acceptable interval.

[0066] The arrangement may comprise a plant, a screen, a screening deck, a conveyor belt, a
chute, a feed box or a discharge box.

[0067] According to yet another aspect, an arrangement for handling screening material, e.g.
aggregate, ore or similar, having a bed depth detection system is provided. The bed depth
detection system comprises at least one ultrasonic transmitter arranged at a portion the
arrangement on or in relation to which the screening material is traveling, and adapted to send
out an ultrasonic signal towards the surface, and at least one ultrasonic receiver adapted to
receive the ultrasonic signal. The bed depth detection system further comprises a control unit
connected to the at least one ultrasonic transmitter and the at least one ultrasonic receiver,
and adapted to calculate a bed depth of the screening material present on the surface from a
comparison between the ultrasonic signal and a reference signal based on at least one
parameter.

[0068] The bed depth detection system may be arranged at a portion of the arrangement
being close to an edge of the arrangement. The arrangement may comprise a screen. The
bed depth detection system may be arranged at any portion of a screen deck, such as for
example close to a discharge end of the screen deck. It may be advantageous to detect the
bed depth on the material on the screen deck just before the material fall off the screen deck.

[0069] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
constituted by one single element, the single element comprising a piezo element.

[0070] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
comprised in one single unit.

[0071] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
arranged at the surface of the arrangement to face each other in an opposing manner.

[0072] The bed detection system may comprise two or more ultrasonic transmitters and two or
more ultrasonic receivers positioned to detect the bed depth at different portions of a surface
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of a screen deck. This may allow material distribution over the surface of the screen to be
monitored and evaluated. An ideal distribution of the material may be the same bed thickness
over an entire width of the screen deck whereas the bed depth will decrease from an upstream
position towards a downstream position.

[0073] The signal may be sent out in a direction substantially perpendicular to the surface of
the arrangement on or in relation to which the screening material is traveling.

[0074] The signal may be sent out in a direction forming an oblique angle to the surface of the
arrangement.

[0075] The at least one parameter is constituted by a time period, a frequency of the ultrasonic
signal, and/or an amplitude of the ultrasonic signal.

[0076] The control unit may be adapted to report that problem has been identified if the
calculated bed depth is outside of an acceptable interval.

[0077] The control unit may be adapted to operate the arrangement based on information
from the ultrasonic signal.

[0078] The arrangement may comprise a screen, a screening deck, a conveyor belt, a chute, a
feed box or a discharge box.

[0079] According to yet another aspect, a method for detecting a bed depth of a screening
material, e.g. aggregate, ore or similar, is provided. The method comprising the steps of
sending out an ultrasonic signal towards a surface on or in relation to which the screening
material is traveling, and receiving the ultrasonic signal. The method is characterised by the
step of calculating the bed depth of the screening material present on the surface from a
comparison between the ultrasonic signal and a reference signal based on at least one
parameter.

[0080] According to an embodiment, the method may further comprise the step of monitoring
the bed depth calculated from two or more ultrasonic signals and identifying a problem in the
arrangement based on the monitored bed depths. As an example, the bed depth is calculated
from two ultrasonic signals received by ultrasonic receivers arranged at different positions of a
screening deck and monitored in parallel allowing a comparison of the bed depth of the two
positions of the screening deck. This allows for monitoring and evaluating the material
distribution on the screening deck.

[0081] A problem detected may be a tilting screen of a screen deck of the arrangement. By
detecting this problem, it can be deduced that a support structure of the screen is damaged,
for example that a spring is missing, causing the screen to tilt. A tilting screen can cause
unusual wear on the screening deck and it is therefore an advantage to detect this problem at
an early stage such that it can be repaired.
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[0082] A problem detected may be an overload of a screen deck of the arrangement. Such a
problem is detectable when one bed depth calculated from one ultrasonic signal, received from
a first position of the surface of the screening deck, is continuously larger than a bed depth
calculated from an ultrasonic signal received from a second position of the surface, and near a
pre-set critical limit for the bed depth.

[0083] A problem detected may be a lost screening module. Such event would be detectable in
that the bed depth on the position of that screening module would become negative and the
bed depth at the screening module downstream of the lost module all of a sudden would
become zero and also in that the bed depth on a corresponding position on a subjacent screen
deck suddenly would increase.

[0084] A problem detected may be an uneven material distribution on a screening deck of the
arrangement. Such a problem is detectable when one bed depth calculated from one
ultrasonic signal, received from a first position of the surface of the screening deck, is
continuously larger than a bed depth calculated from an ultrasonic signal received from a
second position of the surface. This will cause more wear on the part of the screening deck
where the bed depth is larger, reducing thereby the efficiency of the screen. It is thus desirable
to detect such a problem as early as possible in the process in order to remedy the same for a
fully efficient screening arrangement.

[0085] The method may further comprise the step of conducting a specific action if the
calculated bed depth is outside of an acceptable interval.

[0086] According to yet another aspect, an arrangement for handling screening material, e.g.
aggregate, ore or similar, is provided.

[0087] The arrangement comprises a detection system having at least one ultrasonic
transmitter arranged at the arrangement and adapted to send out an ultrasonic signal towards
the surface, at least one ultrasonic receiver adapted to receive the ultrasonic signal, and at
least one reflector arranged for deflecting the ultrasonic signal. The detection system further
comprises a control unit connected to the at least one ultrasonic transmitter and the at least
one ultrasonic receiver, and adapted to detect a difference in at least one parameter based on
a comparison between the ultrasonic signal and a reference signal.

[0088] The reflector allows deflecting the ultrasonic signal sent out by the ultrasonic transmitter
towards a surface which is at an angle from the transmitter. Correspondingly, the reflector
further deflects the ultrasonic signal reflected back from the surface to the ultrasonic receiver.
Thereby, positions of the arrangement in which the ultrasonic transmitter and the ultrasonic
receiver are not mountable due to limited access or other, can still be subjected to the signal
such that the at least one parameter of the ultrasonic signal can be detected therefrom.

[0089] According to an embodiment of the detection system, the reflector is arranged in a blind
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zone of the ultrasonic transmitter.

[0090] According to an embodiment of the detection system, the reflector is arranged at a
distance from the ultrasonic transmitter and the ultrasonic receiver and at a portion of the
arrangement different from the structure at which the ultrasonic transmitter and the ultrasonic
receiver are arranged. As an example, the reflector can be arranged at a portion inside the
arrangement and the ultrasonic transmitter and the ultrasonic receiver can be arranged at or in
line with an opening of a wall of the arrangement. Thereby, the ultrasonic transmitter and the
ultrasonic receiver can be arranged at a distance from the material processing environment,
avoiding subjecting these parts to any dirt and vibrations therefrom.

[0091] According to an embodiment of the detection system, the reflector is arranged at the
same structure of the arrangement as the ultrasonic transmitter and the ultrasonic receiver.

[0092] According to an embodiment of the detection system, the reflector is arranged at a non-
vibrating surface of the arrangement. This provides a stable reflection of the ultrasonic signal.

[0093] According to an embodiment of the detection system, the reflector is arranged at a
vibrating surface of the arrangement. This might be necessary to direct the ultrasonic signal
towards a surface of particular interest. The ultrasonic receiver is, in this embodiment, adapted
to detect an average value of the signal reflected by the vibrating reflector.

[0094] According to an embodiment of the detection system, the reflector is arranged at an
angle of 45° with respect to the plane in which the ultrasonic transmitter is arranged. This
allows for a deflection of the ultrasonic signal of 90°, and thereby parameters of a surface
arranged vertically from the plane of the ultrasonic transmitter can be obtained. The ultrasonic
transmitter can therefore be arranged at a structure at which it is not subjected to the working
environment.

[0095] According to an embodiment of the detection system, the reflector, the ultrasonic
transmitter and the ultrasonic receiver are comprised in one single unit. The single unit may
comprise a protective case which at least partly houses the ultrasonic transmitter, the
ultrasonic receiver and the reflector. An advantage of such a single unit is that it can be
arranged at a structure in the working environment of the arrangement at an angle from a
surface to be subject to analysis. At least partly housed by the protective case, the ultrasonic
transmitter and the ultrasonic receiver are protected from dust and dirt of the working
environment. The single unit may also comprise a cleaning means as previously disclosed
herein.

[0096] The at least one ultrasonic transmitter and the at least one ultrasonic receiver may be
constituted by one single element, wherein the single element comprises a piezo element.

[0097] The signal may be sent out in a direction substantially perpendicular to the surface of
the arrangement.
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[0098] The signal may be sent out in a direction forming an oblique angle to the surface of the
arrangement.

[0099] The angle may be adjustable to allow optimizing the system.

[0100] The at least one parameter may be constituted by a time period, a frequency of the
ultrasonic signal, and/or an amplitude of the ultrasonic signal.

[0101] The control unit may be adapted to report that problem has been identified if the
difference in the at least one parameter is outside of an acceptable interval.

[0102] The arrangement may comprise a plant, a screen, a screening deck, a conveyor belt, a
chute, a feed box or a discharge box.

[0103] Other objectives, features and advantages of the present invention will appear from the
following detailed disclosure, from the attached claims, as well as from the drawings. It is noted
that the invention relates to all possible combinations of features.

[0104] Generally, all terms used in the claims are to be interpreted according to their ordinary
meaning in the technical field, unless explicitly defined otherwise herein.

[0105] All references to "a/an/the [element, device, component, means, step, etc.]" are to be
interpreted openly as referring to at least one instance of said element, device, component,
means, step, etc., unless explicitly stated otherwise.

[0106] As used herein, the term "comprising" and variations of that term are not intended to
exclude other additives, components, integers or steps.

[0107] As used herein, the term "ultrasonic signal" and variations of that term should be
interpreted as the total ultrasonic sound wave pattern resulting from initiating a transmission
from the ultrasonic transmitter. Hence, the ultrasonic signal comprises the emitted "clean"
wave pattern propagating away from the ultrasonic transmitter as well as any reflected wave
patterns originating from said transmitted wave pattern.

Brief description of the drawings

[0108] The above, as well as additional objects, features and advantages of the present
invention, will be better understood through the following illustrative and non-limiting detailed
description of embodiments of the present invention, with reference to the appended drawings,
where the same reference numerals may be used for similar elements, and wherein:

Fig. 1 is a perspective side view of an arrangement comprising a screen and an ultrasonic
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detection system according to embodiments of the disclosure.

Fig. 2 is a perspective side view of an arrangement comprising a feeder and an ultrasonic
detection system according to other embodiments of the disclosure. A portion of the feeder is
cut away for increased clearness.

Fig. 3 is a perspective side view of an arrangement comprising a chute and an ultrasonic
detection system according to yet other embodiments of the disclosure. A portion of the chute
is cut away for increased clearness.

Fig. 4 is a perspective side view of a cleaning detection system in an arrangement for handling
screening material according to embodiments of the disclosure. A portion of a protective case
of the cleaning detection system is cut away for increased clearness.

Fig. 5 is a perspective side view of a bed depth detection system in an arrangement
comprising a screen according to embodiments of the disclosure.

Fig. 6 is a perspective side view of the bed depth detection system in the arrangement
comprising the screen shown in Fig. 5, wherein the bed depth detection system is adapted to
measure a characteristic of the screen.

Fig. 7 is a perspective view of a detection system in the arrangement comprising a mesh
comprising a plurality of ultrasonic transmitters and ultrasonic receivers over a surface of a
screening deck of the arrangement.

Fig. 8 is a schematic side view of a detection system in the arrangement comprising a reflector
for deflecting the ultrasonic signal towards a surface which is at an angle from the plane of the
ultrasonic transmitter and the ultrasonic receiver.

Detailed description of preferred embodiments of the invention

[0109] Fig. 1 illustrates an arrangement 100 for handling screening material 102, e.g.
aggregate, ore or similar, according to an example embodiment.

[0110] The arrangement 100 comprises a screen 110 comprising at least one screen deck
112a, 112b, 112c (in the example: three screen decks). The at least one screen deck 1123,
112b, 112c is attached to vibrating means (not shown) arranged to cause a vibration of the at
least one screen deck 112a, 112b, 112¢. The vibration causes the at least one screen deck
112a, 112b, 112c to be located at different positions at different times. Specifically, the vibration
causes the at least one screen deck 112a, 112b, 112c to be located at different vertical
positions for different times. This is illustrated for an uppermost screen 112a of the at least one
screen deck 112a, 112b, 112¢ in Fig. 1. The vibration means is not explicitly disclosed herein. It
should be understood that many alternative ways exist for achieving said vibrations within the
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scope of the claims.

[0111] The screen 110 further comprises input means 114 arranged to input screening
material onto the at least one screen 112a,112b,112c. For the screen 110, the screening
material 102 is input, via the input means 114, onto an uppermost screen deck 112a. The
uppermost screen deck 112a has a plurality of through holes covering a portion of its surface.
As the uppermost screen deck 112a vibrates, screening material 102 located thereon will be
caused to move around. Pieces of the screening material 102 with dimensions smaller than the
dimensions of the through holes are allowed to leave the uppermost screen deck 112a via the
plurality of through holes, ending up at a middlemost screen deck 112b located under the
uppermost screen deck 112a. Screening material with dimensions larger than the dimensions
of the through holes of the uppermost screen deck 112a is allowed to leave the uppermost
screen deck 112a at an end thereof, as illustrated in Fig. 1. The middlemost screen deck 112b
has a plurality of through holes wherein the through holes have dimensions smaller than the
dimensions of the through holes of the uppermost screen deck 112a. Thus, as the middlemost
screen deck 112b vibrates, screening material 102 located thereon will be caused to move
around. Pieces of the screening material 102 with dimensions smaller than the dimensions of
the through holes of the middlemost screen deck 112b are allowed to leave the middlemost
screen deck 112b via the plurality of through holes, ending up at a lowermost screen deck 112¢
located under the middlemost screen deck 112b. As for the uppermost screen deck 112a,
screening material 102 on the middlemost screen deck 112b with dimensions larger than the
dimensions of the through holes of the middlemost screen deck 112b is allowed to leave the
middlemost screen deck 112b at an end thereof. The same process is repeated for the
lowermost screen deck 112c.

[0112] Thus, it is understood that the purpose of the screen 102 is to sort, or separate, the
screening material 102 according to their size. To the end, this is achieved by collecting the
screening material 102 leaving each screen deck at an edge thereof, and, for the smallest
dimensions, under the lowermost screen deck 112c.

[0113] The arrangement 100 further comprises an ultrasonic detection system 140.

[0114] The ultrasonic detection system 140 comprises an ultrasonic transmitter 151a arranged
at a surface 142a of the arrangement 100. The ultrasonic transmitter 151a is adapted to send
out an ultrasonic signal 154a towards the surface 142a.

[0115] The ultrasonic detection system 140 further comprises an ultrasonic receiver 152a
arranged at the surface 142a, and adapted to receive the ultrasonic signal 154a.

[0116] The ultrasonic transmitter 151a and the ultrasonic receiver 152a may be constituted by
one single element. Such a single element may be a transceiver. Specifically, for the ultrasonic
detection system 140, the ultrasonic transmitter 151a and the ultrasonic receiver 152a are
constituted by one single element, the single element comprising a piezo element.
Alternatively, the ultrasonic transmitter 151a and the ultrasonic receiver 152a may be
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constituted by one single element the single element comprising a capacitive transducer.

[0117] The sound waves transmitted by the ultrasonic transmitter 151a (i.e. the ultrasonic
signal 154a) may be in the ultrasonic range, with an operating frequency, f, above 20 kHz. One
typical operating frequency range is 90 kHz < f < 150 kHz. However, it is understood that the
choice of operating frequency affects the effective distance that may be used for detection as a
result from the attenuation losses of the sound waves increasing with operating frequency.
Hence, the operating frequency may depend on the application.

[0118] The ultrasonic detection system 140 may be used for monitoring operation of the
arrangement that handles the screening material 102. A method for monitoring operation of an
arrangement such as the arrangement 100 comprises the steps of sending out an ultrasonic
signal 154a from ultrasonic transmitter 151a towards a surface 142a of the arrangement 100,
receiving the ultrasonic signal 154a by ultrasonic receiver 152a, and detecting at least one
parameter of the ultrasonic signal 154a.

[0119] The method may further comprise the step of comparing the ultrasonic signal 154a with
a reference signal based on the at least one parameter.

[0120] The method may further comprise the step of conducting a specific action if a difference
in the at least one parameter between the ultrasonic signal 154a and the reference signal is
outside of an acceptable interval. The ultrasonic detection system 140 further comprises a
control unit 160 connected to the ultrasonic transmitter 151a and the ultrasonic receiver 152a.
The control unit 160 is adapted to detect at least one parameter of the ultrasonic signal 154a.

[0121] The at least one parameter may be constituted by a time period. In such a case, the
ultrasonic detection system 140 may be arranged to detect a distance to a target by
determining a time delay between a time of transmitting and a time of receiving an ultrasonic
signal 154a transmitted in a direction of the target. The distance to the target may then be
calculated with knowledge of the speed of sound. The target may be the surface 142a, the
material present on the surface 142a or a combination of the surface 142a and the material
present onto the surface 142a.

[0122] Alternatively, the at least one parameter may be constituted by a frequency of the
ultrasonic signal 154a. In such a case, the ultrasonic detection system 140 may be arranged to
detect a speed of a target with respect to the ultrasonic detection system 140. The speed of
the target may be calculated with knowledge of the speed of sound by utilizing the formulation
of the Doppler effect for sound waves.

[0123] Alternatively, the at least one parameter may be constituted by an amplitude of the
ultrasonic signal 154a. In such a case, the ultrasonic detection system 140 may be arranged to

detect surface properties of a target.

[0124] Although discussed separately, any combination of the properties of time, frequency
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and amplitude may be used to achieve a purpose of the ultrasonic detection system 140. Other
properties may also be used. For example, the spatial distribution of the ultrasonic signal 154a
may be used to infer properties of the target. For such a case, the ultrasonic receiver 152a
may comprise a spatially resolving sensor. Furthermore, the properties of the ultrasonic signal
154a transmitted by the ultrasonic transmitter 152a may be different depending on the
purpose. For example, the ultrasonic signal 154a may be pulsed or continuous. Furthermore,
the base frequency of the ultrasonic signal 154a may vary dependent on the purpose.

[0125] The control unit 160 may be adapted to detect a difference in the at least one
parameter based on a comparison between the ultrasonic signal 154a and a reference signal.
The reference signal may be for example the signal detected by the control unit 160 in a case
where no screening material is affecting the ultrasonic signal 154a. For example, a reference
signal may be recorded and stored when the screen 100 is empty. Alternatively, or additionally,
a reference signal may be the signal detected by the control unit 160 for a specific position of
the vibrating screen. For example, the reference signal may be the signal detected by the
control unit 160 when a screen deck is in its default position.

[0126] There are numerous advantages and usefulness of the ultrasonic detector of the
disclosure. This will be further discussed later in the detailed description. For example, the
control unit 160 may be adapted to report that problem has been identified if the difference in
the at least one parameter is outside of an acceptable interval. The report may comprise for
the control unit 160 to issue an alarm and/or notification. Alternatively, or additionally, the
control unit 160 may initiate a command initiating an action solving, or at least mitigating, the
problem. The command may be issued to a further unit, or internally within the control unit 160.
The command may pertain to initiating a calculation such as to derive for example a physical
parameter. Alternatively, or additionally, the command may pertain to the control unit 160 (or
further unit) to initiate a control action with regards to the arrangement 100. Specifically, for the
arrangement 100, the control unit 160 may initiate a command pertaining to controlling the
operation of the vibrating means. This may include for example adjusting the vibrating
frequency or stopping the vibrations. Alternatively, the control unit 160 may initiate a command
pertaining to controlling the operation of the input means 114 for controlling the feed rate
therefrom.

[0127] The ultrasonic detection system 140 further comprises cleaning means 170 connected
to the control unit 160 and arranged at the ultrasonic transmitter 151a and the ultrasonic
receiver 152a. The control unit 160 is adapted to control a cleaning process of the ultrasonic
transmitter 151a and/or the ultrasonic receiver 152a by means of the cleaning means 170. The
cleaning means 170 allows for using the ultrasound detection system 140 in harsh and dusty
environment without risking detection efficiency to decrease during operation.

[0128] The cleaning means 170 comprises air blowing means having a pressurized air supply
172. The air blowing means is fluidly connected to the ultrasonic transmitter 151a and the
ultrasonic receiver 152a. The control unit 170 is adapted to control the pressurised air supply
such as to inject pressurised air for keeping the ultrasonic transmitter 151a and the ultrasonic
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receiver 152a clean. The pressurized air may be injected as bursts occurring with regular time
intervals. Alternatively, the pressurized air may be injected continuously. The control unit 170
may be adapted to control the flow of pressurized air through the conduits. This may be
achieved by adjusting the air pressure of the pressurised air supply 172. Alternatively, or
additionally, it may be achieved by adjusting a cross section of the conduit for example using a
throttle or a variable valve.

[0129] The ultrasonic detection system 140 further comprises a protective case 156a at least
partly housing the ultrasonic transmitter 151a and the ultrasonic receiver 152a. One purpose of
the protective case 156a is to protect the ultrasonic detection 140 from exposure from
contaminants such as dirt or dust, both in wet and dry conditions. Another purpose of the
protective case 156a is to control the spatial distribution of the transmitted ultrasonic signal
154a. This is achieved by the sound waves being reflected on an inner wall of the protective
case 156a. The surface structure of the inner wall of the protective case 156a will be of
importance. A rugged surface may result in back reflections, risking to affect the spatial
distribution and/or penetration length of the transmitted ultrasonic signal 154a. Moreover, back
reflections may result in deteriorated readings when detecting the ultrasonic signal 154a using
the at least one ultrasonic receiver 152a. The details with regards to the cleaning of the
ultrasound detections system will be further discussed later.

[0130] The at least one ultrasonic transmitter 151a and the at least one ultrasonic receiver
152a may be mounted inside the protective case 156a such as to form a single ultrasonic
detection unit 150a. The ultrasonic detection unit 150a may be mounted onto a frame of the
arrangement. The ultrasonic detection unit 150a may be translationally attached such as to
allow adjusting the distance between the ultrasonic detection unit 150a and the surface 142a.

[0131] The arrangement 100 further comprises a second ultrasonic detection unit 150b
adapted to measure properties pertaining to the middlemost screen deck 112b. The second
ultrasonic detection unit 150b is arranged at a second surface 142b of the arrangement 100.
The second ultrasonic detection unit 150b is arranged to transmit ultrasonic signal 154b
directed substantially horizontally such that the ultrasonic signal 154b hits the screening
material present on the middlemost screen deck 112b from the side. The second ultrasonic
detection unit 150b will detect an ultrasonic signal 154b predominately originating from
reflections on the screening material 102. Thus, it is understood that the second ultrasonic
detection unit 150b provides different kind of information than the ultrasonic detection unit
150a, which may provide information from both the screening material and the surface 142a.
The second ultrasonic detection unit 150b is connected to the control unit 160 and fluidly
connected to the pressurised air supply 172.

[0132] The ultrasound detection system is preferably being located in a non-vibrating position,
for example on a supporting frame of the arrangement. This improves the reliability and
durability of the system over time. The ultrasound detection system may, however, be
arranged to vibrate with the arrangement. This may be an advantage in some applications
where other detection means and/or detection angles are not adequate for the task.
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[0133] Fig. 2 shows an arrangement 200 according to another example embodiment. The
arrangement 200 comprises a feeder 210. The feeder 210 is adapted to supply screening
material 202 to a further device 280, such as for example a crusher. The arrangement 200
comprises an ultrasonic detection system 240 similar to the ultrasonic detection system of Fig.
1. The ultrasonic detection system 240 comprises an ultrasonic detection unit 250 arranged to
detect the presence of oversized material that may risk getting jammed inside the further
device 280.

[0134] Fig. 3 shows an arrangement 300 according to another example embodiment. The
arrangement 300 comprises a chute 311. The chute 311 is adapted to direct screening
material 102 from one or more sources of screening material (in the example: two sources of
screening material) to a conveyer belt 312. The conveyer belt 312 is adapted to transport
screening material 302 received from the chute 311 to a further device 380, such as for
example a crusher. The arrangement 300 comprises an ultrasonic detection system 340
similar to the ultrasonic detection system of Fig. 1. Although the example embodiment in Fig. 3
shows a chute comprising dual inlets, it is understood that a single inlet chute may equally well
be equipped with an ultrasonic detection system of the disclosure.

[0135] The ultrasonic detection system 340 comprises a first ultrasonic detection unit 350a
arranged to measure inside a first fork 311a of the chute 311 and a second ultrasonic detection
unit 350b arranged to measure inside a second fork 311b of the chute 311. In the situation
example shown in Fig. 3, screening material has gotten jammed inside the first fork 311a of the
chute 311 whereas the screening material is free to move through the second fork 311b of the
chute 311. Hence, the control unit 160 will obtain a different signal from the first ultrasonic
detection unit 350a than from the second ultrasonic detection unit 350b. The control unit 160
may be operable to send out an alarm to inform about the jammed material inside the first fork
311a.

[0136] The ultrasonic detection system 340 further comprises a third ultrasonic detection unit
350c¢ arranged to measure at a surface of the conveyor belt 312. The purpose of the third
ultrasonic detection unit 350c is similar to the purpose of the ultrasonic detection unit 250 of
Fig. 2, i.e. to detect larger pieces of screening material which risks getting jammed in the
further device 380. Another purpose of the third ultrasonic detection unit 350c can be to detect
jams in other parts of the process upstream from where the third ultrasonic detection unit 350¢c
is placed. For example, if screening material is expected to be on the conveyer 312, but the
third ultrasonic detection unit 350c does not detect the presence of material, it is likely to be a
jam or other problem upstream, effectively hindering the material to enter the conveyer 312.

[0137] The arrangement 300 comprises a cleaning means 370 similar to the cleaning means
170 for the arrangement 100 discussed herein. Specifically, the first 350a, second 350b and
third 350c¢ ultrasonic detection units are all fluidly connected to a pressurised air supply 372.
Moreover, the first 350a, second 350b and third 350c ultrasonic detection units are all
connected to the control unit 360.
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[0138] The control unit 360 is adapted to control a cleaning process of the ultrasonic
transmitters and/or the ultrasonic receivers of the first 350a, second 350b and third 350c¢
ultrasonic detection units by means of the cleaning means 370. The control unit 360 may be
adapted to control the cleaning process differently for different ultrasonic detection units. For
example, the first 350a and second 350b ultrasonic detection unit may be supplied with a
continuous flow of pressurised air to establish an over pressure within the protective cases of
the ultrasonic detection units, whereas the third ultrasonic detection unit 350¢ may be supplied
with pressurised air at predefined time intervals. Fig. 4 shows a cleaning detection system 400
in an arrangement for handling screening material, e.g. aggregate, ore or similar. The cleaning
detection system 400 comprises an ultrasonic transmitter 451 arranged at a surface 442 of the
arrangement, and adapted to send out an ultrasonic signal 454 towards the surface 442, an
ultrasonic receiver 452 arranged at the surface 442, and adapted to receive the ultrasonic
signal 454, and a protective case 456 at least partly housing the at least one ultrasonic
transmitter 451 and the at least one ultrasonic receiver 452. The cleaning detection system
400 is characterised in that it further comprises a control unit 460a connected to the at least
one ultrasonic transmitter 451 and the at least one ultrasonic receiver 452, and adapted to
detect a difference in at least one parameter based on a comparison between the ultrasonic
signal 454 and a reference signal.

[0139] The cleaning detection system 400 further comprises cleaning means 470 arranged at
the protective case 456. The cleaning means 470 in turn comprises air blowing means adapted
to clean the protective case 456. The air blowing means comprises a nozzle 474 arranged
inside the protective housing 456. The nozzle 474 is fluidly connected to a pressurised air
supply 472 by means of a conduit 476. The cleaning means 470 is connected to a further
control unit 460b configured to control the operation of the cleaning means 470 for initiating a
cleaning of the protective case 456. The further control unit 460b instructs the pressurised air
supply 472 to supply pressurised air to the conduit 476 thus achieving a plume 478 of
pressurised air to enter an interior portion of the protective housing 456. In the embodiment
shown in Fig. 4, the nozzle 474 is shaped such as to supply the plume 478 of air in the
direction of the ultrasonic transmitter 451 and the ultrasonic receiver 452. The position of the
nozzle 474 may be adjustable such as to allow optimizing the cleaning of the protective case
456 and should be such that it does not interfere with the signal from and to the ultrasonic
transceiver. The direction of flow may however be different in other embodiments.

[0140] The ultrasonic transmitter 451 and the ultrasonic receiver 452 is constituted by one
single element, wherein the single element comprises a piezo element. Thus, the ultrasonic
transmitter 451 and the ultrasonic receiver 452 is comprised in one single unit.

[0141] The signal 454 may be sent out in a direction substantially perpendicular to the surface
442 of the arrangement. The at least one parameter may be constituted by a time period, a
frequency, and/or an amplitude of the ultrasonic signal 454.

[0142] The control unit 460a may be adapted to report that problem has been identified if the
difference in the at least one parameter is outside of an acceptable interval.
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[0143] As previously mentioned, the cleaning detection system 400 is a part of an
arrangement for handling screening material, e.g. aggregate, ore or similar. Though not
explicitly shown in Fig. 4, such an arrangement may comprise a plant, a screen, a screening
deck, a conveyor belt, a chute, a feed box or a discharge box.

[0144] Fig. 5 illustrates an arrangement 500 for handling screening material, e.g. aggregate,
ore or similar, according to an example embodiment, which arrangement 500 comprising a bed
depth detection system.

[0145] The arrangement 500 comprises a screen 510 comprising at least one screen deck
512. The at least one screen deck 512 is attached to vibrating means (not shown) arranged to
cause a vibration of the at least one screen deck 512. The vibration causes the at least one
screen deck 512 to be located at different positions at different times. Specifically, the vibration
causes the at least one screen deck 512 to be located at different vertical positions for different
times. The vibration means is not explicitly disclosed herein. It should be understood that many
alternative ways exist for achieving said vibrations within the scope of the claims.

[0146] The screen 510 further comprises input means 514 arranged to input screening
material onto the at least one screen 512. For the screen 510, the screening material 502 is
input, via the input means 514, onto the at least one screen 512. The at least one screen deck
512 has a plurality of through holes covering a portion of its surface. As the at least one screen
deck 512 vibrates, screening material 502 located thereon will be caused to move around.
Pieces of the screening material 502 with dimensions smaller than the dimensions of the
through holes are allowed to leave the at least one screen deck 512 via the plurality of through
holes. Screening material with dimensions larger than the dimensions of the through holes of
the at least one screen deck 512 is allowed to leave the at least one screen deck 512 at an
end thereof, as illustrated in Fig. 5.

[0147] The arrangement 500 further comprises a bed depth detection system for detecting a
bed depth W of the screening material 502. The bed depth detection system comprises an
ultrasonic detection unit 550 and a control unit 560.

[0148] The ultrasonic detection unit 550 comprises an ultrasonic transmitter 551 arranged at a
part, here a surface 542, of the arrangement 500 on or in relation to which the screening
material is traveling, the ultrasonic transmitter 551 being adapted to send out an ultrasonic
signal 554 towards the surface 542. The ultrasonic detection unit 550 further comprises an
ultrasonic receiver 552 being adapted to receive the ultrasonic signal 554.

[0149] The control unit 560 is connected to the ultrasonic transmitter 551 and to the ultrasonic
receiver 552, and is adapted to calculate a bed depth W of the screening material 502 present
on the surface 542 from a comparison between the ultrasonic signal 554 and a reference
signal based on at least one parameter.



DK/EP 3625558 T3

[0150] The bed depth detection system further comprises a cleaning means 570 connected to
the control unit 560 and arranged at the ultrasonic transmitter 551 and the ultrasonic receiver
552. The control unit 560 is adapted to control a cleaning process of the ultrasonic transmitter
551 and/or the ultrasonic receiver 552 by means of the cleaning means 570. The cleaning
means 570 allows for using the bed depth detection system in harsh and dusty environment
without risking detection efficiency to decrease during operation.

[0151] The cleaning means 570 comprises air blowing means having a pressurized air supply
572. The air blowing means is fluidly connected to the ultrasonic transmitter 551 and the
ultrasonic receiver 552. The control unit 570 is adapted to control the pressurised air supply
such as to inject pressurised air for keeping the ultrasonic transmitter 551 and the ultrasonic
receiver 552 clean. The pressurized air may be injected as bursts occurring with regular time
intervals. Alternatively, the pressurized air may be injected continuously. The control unit 570
may be adapted to control the flow of pressurized air through the conduits. This may be
achieved by adjusting the air pressure of the pressurised air supply 572. Alternatively, or
additionally, it may be achieved by adjusting the conduit cross section for example using a
throttle or a variable valve.

[0152] In this specific embodiment, the ultrasonic transmitter 551 and the ultrasonic receiver
552 are constituted by one single piezo element, and the ultrasonic detection unit 550 is
arranged such that the ultrasonic signal 554 is sent out in a direction substantially
perpendicular to the surface 542 of the arrangement 500.

[0153] As stated above, the bed depth detection system is used for detecting the bed depth W
of the screening material 502. A method for detecting a bed depth of a screening material 502
comprising the steps of sending out an ultrasonic signal 554 towards a surface 542 on or in
relation to which the screening material is traveling, receiving the ultrasonic signal 554, and
calculating the bed depth W of the screening material 502 present on the surface 542 from a
comparison between the ultrasonic signal 554 and a reference signal based on at least one
parameter.

[0154] The method may further comprise conducting a specific action if the calculated bed
depth Wis outside of an acceptable interval.

[0155] There are numerous ways of calculating the bed depth W of the screen material 502
based on information from the ultrasonic detection unit 550.

[0156] The at least one parameter may be constituted by a time period. In such a case, the
bed depth detection system may be arranged to detect a distance to a target by determining a
time delay between a time of transmitting and a time of receiving an ultrasonic signal 554
transmitted in a direction of the target. In this specific embodiment, the target is the material
present on the surface 542.

[0157] That time delay can thereafter be compared with the corresponding time delay
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determined in view of a reference signal, which reference signal has transmitted and received
in the corresponding manner as described above but during ideal circumstances, for example
when the arrangement 500 is not in operation or in operation but without load.

[0158] Based on the difference in time delay, the bed depth W of the screening material 502 or
the size of the objects present on the surface of the arrangement 500 can be calculated by
means of the control unit 560.

[0159] Should the difference between the time period of the ultrasonic signal 554 and the
reference signal deviate more than a predetermined error margin it can be concluded that
there is an operating problem with the arrangement 500.

[0160] Alternatively, the at least one parameter may be constituted by a frequency of the
ultrasonic signal 554. In such a case, the bed depth detection system may be arranged to
detect a speed of a target with respect to the be depth detection system. The speed of the
target may be calculated with knowledge of the speed of sound by utilizing the formulation of
the Doppler effect for sound waves.

[0161] Alternatively, the at least one parameter may be constituted by an amplitude of the
ultrasonic signal 554.

[0162] Although discussed separately, any combination of the properties of time, frequency
and amplitude may be used to achieve a purpose of the bed depth detection system. Other
properties may also be used. For example, the spatial distribution of the signal 554 may be
used to infer properties of the target. For such a case, the ultrasonic receiver 552 may
comprise a spatially resolving sensor. Furthermore, the properties of the ultrasonic signal 554
transmitted by the ultrasonic transmitter 551 may be different depending on the purpose. For
example, the signal may be pulsed or continuous. Furthermore, the base frequency of the
ultrasonic signal 554 may vary dependent on the purpose.

[0163] The control unit 560 may be adapted to detect a difference in the at least one
parameter based on a comparison between the ultrasonic signal 554 and a reference signal.
The reference signal may be for example the signal detected by the control unit 560 in a case
where no screening material 502 is affecting the signal 554. For example, a reference signal
may be recorded and stored when the arrangement 500 is not in operation or in operation
without load. Alternatively, or additionally, a reference signal may be the signal detected by the
control unit 560 for a specific position of a vibrating screen 510. For example, the reference
signal may be the signal detected by the control unit 560 when a screen deck 512 is unloaded
in its default position.

[0164] By measuring the bed depth W of the screening material 502 on the screen 510 many
important parameters related to the screening process can be calculated. These parameters
can be used to optimize the process, investigate if the screen is overloaded, or underloaded,
compared to specification, calculate and predict the wear life of screening media etc.
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[0165] Several mathematical models exist for calculating the capacity for a given bed depth W.
By using these mathematical models, the efficiency of the screen 510 can be calculated in
order to find out how it is operating. This information can be used to optimize the screening
process. For a given capacity it is also possible to give recommendations of a suitable bed
depth W for the screen 510. The system can give a warning if the bed depth is too high or too
low compared to set levels.

[0166] The information can also be used to calculate the wear life of the screening media. It is
always very important for the user to know how much screening material each screen deck
512 can handle before it has to be replaced. This means that the downtime for maintenance
and replacement can be predicted and minimized to save money. This type of information is
also vital so that the supplier can deliver screening media to the user exactly when it is needed.
It is for example possible to use the system during planned downtime occasions, when the
screen decks are free from screening material. By measuring the distance to the surface of the
screening deck and compare readings over time, it is possible to determine how much the
screening deck has been worn and knowing the initial thickness of the screening media, it is
possible with a high degree of certainty to determine when it is time to replace screening
media. Either all or only some of the screening media modules may be replaced at a same
time. The information can be used to predict wear rate and wear life in both hours and tons
and connect predicted wear with actual wear.

[0167] Fig. 6 illustrates the arrangement 500 for a purpose of monitoring the operation of the
screen 510. The screen 510 is here shown empty from any screening material 502. It is
however envisioned that screening material 502 may be present on the screen, at least to
some extent. Fig. 6 aids to illustrate that the bed depth detection system may be used to
monitor the movement of the at least one screen deck 512 in relation to the bed depth
detection system. Specifically, the bed depth detection system may be used to measure the
stroke of the vibrating at least one screen deck 512. For the arrangement 500, the stroke may
be determined in the vertical dimension by detecting the distance between the bed depth
detection system and the screen for different positions of the screen 510. The maximum stroke
in the vertical direction will be the difference between the maximum distance Dpax and the

minimum distance Dy;5. The bed depth detection system may also be used to detect temporal

fluctuations in the vibrational motion of the at least one screen deck 512.

[0168] A purpose of detecting the vibrational characteristics of the at least one screen deck
512 is to identify unwanted behaviour of the screen. One example of such an unwanted
behaviour is when the screen deck 512 is vibrating at or close to an eigenfrequency of the at
least one screen deck 512, a situation which significantly increases the risk of introducing a
screen malfunction. Another example concerns the influence of the screening material 502 on
the vibrational characteristics. For example, if the screening material 502 present on the at
least one screen deck 512 constitutes an excessive load and/or some pieces are of a
dimension not expected, the stroke may be effected. This implies that the bed depth detection
system may be used to measure on the screening material 502 indirectly as a result from the
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screening material 502 affecting the vibrational characteristics of the at least one screen 512.

[0169] Fig. 7 illustrates an arrangement 700 for handling screening material, e.g. aggregate,
ore or similar, according to an example embodiment, which comprises a mesh comprising a
plurality of ultrasonic transmitters and ultrasonic receivers, respectively.

[0170] The arrangement 700 comprises a screen 710 having at least one screening deck 712.
The arrangement further comprises input means 714 arranged to input screening material
onto the at least one screening deck 712.

[0171] In this exemplifying embodiment, the arrangement 700 is provided with a mesh
comprising six ultrasonic detection units 750, each ultrasonic detection unit 750 comprising an
ultrasonic transmitter 751 adapted to send out an ultrasonic signal 754 towards the surface
742 of the at least one screening deck 712. Each ultrasonic detection unit 750 further
comprises an ultrasonic receiver 752 adapted to receive the ultrasonic signal 754. The
ultrasonic detection units 750 are distributed over the surface of the screening deck 712.

[0172] The control unit 760 is connected to each of the ultrasonic transmitters 751 and the
ultrasonic receivers 752, and is adapted to detect at least one parameter of the ultrasonic
signal of each ultrasonic detection unit. An example of such a parameter is the bed depth W of
the screening material 702 present on the surface 742.

[0173] The control unit 760 may be adapted to detect a difference in the at least one
parameter of the ultrasonic signal of each of the ultrasonic detection units based on a
comparison between the respective ultrasonic signal 754 and a reference signal.

[0174] The control unit 760 may further be connected to a monitoring device 780 for
monitoring the at least one parameter of the ultrasonic signal 754 of each of the ultrasonic
detection units 750. The parameter detected, for example the bed depth W, by each of the
ultrasonic detection units 750 can thereby be monitored and followed in real time.

[0175] A method of monitoring the calculated bed depth, previously discussed in this
disclosure, from ultrasonic signals from the mesh comprising a plurality of ultrasonic
transmitters and receivers can provide a considerable amount of useful information. For
example, when monitoring the calculated bed depth from ultrasonic signals from portions at left
and right hand sides of the surface of a screening deck of the arrangement, it may be detected
that one of the signals provides a higher calculated bed depth than the other. If a value of the
calculated bed depth is continuously larger for one signal, this suggests there is a non-uniform
material distribution on the screening deck, and thus a poor feed distribution of the material. If
the monitored value of the calculated bed depth is near a pre-set upper limit, this suggests that
the screening deck at least at the corresponding portion of the surface is overloaded.

[0176] If a value of the calculated bed depth varies significantly, this may suggest that the
ultrasonic signal does not hit the surface it is set to measure perpendicularly resulting in an
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echo of the signal. It can thus be deduced that the screen is tilting, for example due to a
missing spring or other support structure of the screen.

[0177] Fig. 8 illustrates an example embodiment of a part of an ultrasonic detection system in
an arrangement 800 comprising at least one reflector 880. The illustrated arrangement 800
comprises at least one screen deck 812. The arrangement further comprises a screen wall 818
at an end of the screen deck 812.

[0178] The arrangement 800 further comprises an ultrasonic detection unit 850 arranged at
the screen wall 818. The ultrasonic detection unit 850 may, however, be arranged at another
position of the arrangement. The ultrasonic detection unit 850 comprises an ultrasonic
transmitter 851 adapted to send out an ultrasonic signal 854 in a horizontal plane, and an
ultrasonic receiver 852 adapted to receive the ultrasonic signal 854. The ultrasonic detection
unit 850 further comprises a reflector 880, arranged at or close to the at least one screen deck
812, and horizontally at a distance of the ultrasonic detection unit 850. The reflector 880 is, in
this exemplifying embodiment, arranged at an angle of 45° with respect to the horizontal plane,
such that it can deflect the ultrasonic signal 854 from the ultrasonic transmitter 851 towards the
screen deck 812. Correspondingly, the reflector can deflect the ultrasonic signal 854 reflected
back from the screening deck towards the ultrasonic receiver 852. The reflector thus allows
deflecting the ultrasonic signal 854 towards a surface which is vertical to the plane in which the
ultrasonic detection unit 850 is arranged.

[0179] By arranging the reflector in different angles, the ultrasonic signal 854 can be deflected
towards surfaces at different angles from the plane of the ultrasonic detection unit 850. The
reflector thus provides the advantage of enabling access for the ultrasonic signal to locations of
the arrangement 800 which are hard to reach due to lack of space or structures for mounting
the ultrasonic transmitter and the ultrasonic receiver, or to harsh operating conditions.

[0180] The skilled person realizes that a number of modifications of the embodiments
described herein are possible without departing from the scope of the invention, which is
defined in the appended claims. For example, in an alternative embodiment, laser scanning
could be used to detect a problem in the arrangement, based on a calculated bed depth of a
screening deck of the arrangement, or on the material distribution thereon.

[0181] It is also possible to arrange sensors behind the screen deck for making measurements
between or below a screen deck. It would thereby be possible to measure the density, or with
other words the amount of material which falls from a screen deck, thus deducing the tonnage
per time unit. A stronger echo would imply more material passing through the screening deck
whereas a weaker echo would imply less material passing through. This could then be
evaluated as to how much material passing through a given screen deck in relation to a
theoretical content of undersize particle in the material fed to the screening arrangement. The
information thus obtained could be used to evaluate the distribution of screening material load
per screen deck, but also for estimation of screening efficiency. It also provides information as
to how plugged a screen deck has become in comparison with a fully open screen deck.
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[0182] It is also possible to determine and evaluate blinding and pegging with the present
invention. Even though they both have the same end effect, plugging of the screening media,
these are two different problems. Blinding occurs when fine particles stick together and create
something similar to a sticky paste blocking the openings of the screening media whereas
pegging occurs when a larger particle, typically of irregular shape, enters an opening of the
screening media but is unable to pass through. With the present invention, it is not only
possible to determine that blinding and/or pegging has occurred. It is also possible to
determine how big the affected area is and also the build-up, i.e. the height, of the blinding can
be determined.
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P ATENTI KR RAYV

1. Arrangement (100) til handtering af sigtemateriale (102), f.eks. tilslag, malm eller lignende, hvilket ar-
rangement (100) omfatter et sigtedaek (112) og/eller en sigtekanal (114) pa eller i forhold til hvilken sigtemateria-
le bevaeger sig, idet arrangementet (100) yderligere omfatter et ultralydsdetektionssystem (140) omfattende:

en ultralydssender (151a) anbragt ved arrangementet (100) og indrettet til at udsende et ultralydssignal
(154a) mod en overflade (142a),

en ultralydsmodtager (152a) indrettet til at modtage ultralydssignalet (154a), og

en styreenhed (160) forbundet til ultralydssenderen (151a) og ultralydsmodtageren (152a), hvor styreen-
heden (160) er indrettet til at detektere mindst én parameter af ultralydssignalet (154a),

hvor styreenheden (160) yderligere er indrettet til at detektere en forskel i den mindst ene parameter ba-
seret pa en sammenligning mellem ultralydssignalet (154a) og et referencesignal,

kendetegnetved, at arrangementet yderligere omfatter:

et rensemiddel (170), der er forbundet til styreenheden (160) og anbragt ved ultralydssenderen (151a) og
ultralydsmodtageren (152a), hvor styreenheden (160) er indrettet til at styre en renseproces for ultralydssende-
ren (151a) og/eller ultralydsmodtageren (152a) ved anvendelse af rensemidlet (170), hvor rensemidlet (170)
omfatter luftblaesningsmidler, og

et beskyttende etui (156a), som i det mindste delvist huser ultralydssenderen (151a) og ultralydsmodtage-

ren (152a).

2. Arrangement (100) ifglge krav 1, yderligere omfattende en reflektor indrettet til at afbgje ultralydssig-

nalet.

3. Arrangement (100) ifglge krav 2, hvor reflektoren er anbragt ved en ikke-vibrerende struktur af arran-

gementet (100).

4. Arrangement (100) ifglge krav 2 eller 3, hvor reflektoren er anbragt ved en vibrerende struktur af ar-

rangementet (100).

5. Arrangement (100) ifglge et hvilket som helst af kravene 2-4, hvor ultralydssenderen, ultralydsmodta-

geren og reflektoren er indeholdt i én enkelt enhed, hvor den enkelte enhed i det mindste er delvist tildaekket.

6. Arrangement (100) ifglge et hvilket som helst af de foregdende krav, hvor to eller flere ultralydssendere

og to eller flere ultralydsmodtagere er tilvejebragt pa forskellige positioner i arrangementet (100).

7. Arrangement (100) ifglge et hvilket som helst af de foregdende krav, hvor et gitter omfattende mindst
seks ultralydssendere og seks ultralydsmodtagere er anbragt over en overflade af arrangementets (100) sigte-

daek.
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8. Arrangement (100) ifglge et hvilket som helst af de foregdende krav, hvor arrangementet (100) yderli-

gere omfatter et anlaeg, en sigte, et transportband, en sliske, en fgdekasse eller en udtgmningskasse.

9. Arrangement (100) ifglge et hvilket som helst af kravene 1 til 7, yderligere omfattende en sigte (110) til
sigtemateriale, f.eks. tilslag, malm eller lignende, hvilken sigte (110) har en sigteramme og sigteelementer an-

bragt i sigterammen.

10. Fremgangsmade til overvagning af driften af et arrangement (100) ifglge et hvilket som helst af de fo-
regadende krav, hvilken fremgangsmade omfatter trinene:

at udsende ultralydssignalet (154a) fra ultralydssenderen (151a) mod overfladen (142a) af arrangementet
(100),

at modtage ultralydssignalet (154a) ved ultralydsmodtageren (152a), og

at detektere mindst én parameter af ultralydssignalet (154a).

11. Fremgangsmade ifglge krav 10, yderligere omfattende trinnet at beregne en lejedybde af sigtemate-
rialet som er til stede pa overfladen (142a) baseret pd en sammenligning mellem ultralydssignalet (154a) og et

referencesignal baseret pd den mindst ene parameter.

12. Fremgangsmade ifglge krav 11, yderligere omfattende trinnet at overvage lejedybden beregnet ud fra

to eller flere ultralydssignaler og at detektere et problem i arrangementet baseret pa de overvagede lejedybder.

13. Fremgangsmade ifglge krav 12, hvor problemet er en ugnsket materialefordeling pa arrangementets

sigtedaek.
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