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Abstract: The article presents the results of research on the trajectory and amplitude values during the
startup of a vibrating screen, depending on the set startup time. The research was conducted using
a suspended vibrating screen with a segmental vibration trajectory, where vibration excitation was
achieved through two vibratory motors directly attached to the screen frame. The vibratory motors
were powered with three-phase voltage and connected to the grid through frequency converters,
allowing for current control in steady-state and startup conditions. The analysis focused on the
vibration trajectory and the resulting amplitude values for nine selected startup times (ranging from
0 s to 8 s). Two measurement methods were employed: using piezoelectric acceleration sensors
and optical recording. Additionally, the momentary power consumption by the screen drive was
recorded, and the maximum current flowing in the power supply circuit was determined. These
studies enabled the determination of the most favourable startup parameters that reduce the power
demand of the drive without significantly affecting the kinematic parameters of the screen during its
startup. The results of experimental research presented in the article regarding the startup time of
the screening machine and its influence on vibration parameters have shown that the startup time
significantly impacts the amplitude values that occur during startup. In the analysed case, the most
favourable startup time was 3 s. Power consumption studies during startup revealed that startup time
check for has a notable influence on momentary power consumption. The conducted research demonstrated
updates that for startup times below 0.2 s, the maximum momentary power was the highest (reaching 5 kW,
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with a current consumption of 4.5 times the rated current). Regarding energy efficiency, the most

favourable startup times exceed 2.0 s. Extending these startup times can significantly reduce the
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Revised: 4 October 2023 The fundamental operation in material enrichment processes is the screening process.

Accepted: 13 October 2023 This process enhances the material’s utility, allowing for the attainment of a uniform

Published: 18 October 2023 grain composition [1-3]. In most industrial sectors, screens are used for this purpose.
One of the basic types of screens is the super-resonance vibrating screen [4], which has

undergone numerous modifications [5-7] to improve process efficiency, reduce noise levels,

and minimize dynamic effects on the foundation or supporting structures [8]. Presently, the
way to reduce energy consumption during the screening process is a significant concern. In
the 21st century, vibrating screens with circular (WK) and linear (WP) vibrations are the
most prevalent types of screens, whereas screens with elliptical vibrations (PZ, PWE) are
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slightly different design, are extensively employed for the separation of highly viscous and
fine materials [12,13].

The primary component of any super-resonance screen is the sieve frame set in vi-
brating motion along a defined trajectory. Elastic support systems are employed to reduce
dynamic effects on the foundation [14]. The vibrating motion of the sieve frame is driven by
a drive system, typically consisting of an electric motor, flexible couplings, and an inertia
vibrator or vibratory motors [15,16], occasionally electromagnetic ones [17]. In super reso-
nant screens in which an inertial vibrator generates vibrations, the value of the vibration
amplitude depends on the mass of elements (weights) attached to the vibrator shafts (or
unbalanced masses in the vibration motor). However, the vibration frequency depends on
the type of engine used (its rotational speed) or the method of power supply and control
(e.g., use of a frequency converter). Most inertia vibrators offer the option to adjust the
force applied to induce vibrations by adding or subtracting additional unbalanced masses
or altering the configuration of unbalanced masses [9].

The operation of a screening machine can be divided into three stages: startup [16],
steady-state operation [15], and shutdown. The startup phase refers to the period from the
drive initiation until the rated vibration frequency is reached and the parameters of the
sieve frame vibrations stabilize. This phase is particularly critical in selecting the screen’s
mechanical parameters and the electrical parameters of its drive, as the screen passes
through the resonance frequency during this period, which can potentially have destructive
effects on the equipment. The starting time is an important parameter that affects the values
of the vibration amplitude achieved during this phase of operation and the energy demand
of the engines—which can be demonstrated by conducting appropriate tests.

The steady-state period represents a phase during which the screen maintains a stable
vibration trajectory defined for a given technological process, while the shutdown phase is
the time interval between the drive’s deactivation and the screen coming to a complete stop.

Screen drives consume power during the first two phases of operation. Such drives
are designed to handle the startup torque, which is the most demanding in terms of power.
During steady-state operation, the drive operates with a power level typically at 20-30%
of the rated power. Using motors with excessive power reserves can adversely affect
the power grid (significant reactive power) and increase the vibrating mass. In most
cases, research on screens is limited to steady-state studies [15,18] and studies focused
solely on the screening process using DEM simulations [19-24]. There are also attempts
to develop vibration models that would consider the screened material’s influence on the
vibration parameters. [25,26]. In order to aim for a reduction in the rated power of the
drive, conducting startup research is crucial.

This research aims to determine the most favourable startup parameters that reduce
the power demand of the drive without significantly affecting the kinematic parameters of
the screen during its startup.

2. The Startup of a Linear Vibration Screener—Theoretical Analysis

During steady-state operation, vibratory screens operate at vibration frequencies
several times higher than their natural resonance frequency. Compared to the mass of the
screened material, the substantial mass of the riddle plate ensures the attainment of stable
operating parameters despite fluctuations in material flow rate through the screener. The
main challenge associated with operating at such vibration frequencies is passing through
the resonant frequency during system startup and shutdown. Consequently, there is a
highly unfavourable multiple increase in vibration amplitude compared to the steady-
state condition [9]. Numerous scientists have analysed and researched these phenomena,
enabling the determination of fundamental relationships that facilitate the estimation of
the maximum amplitude value. Determining the maximum amplitude value allows for
selecting an appropriate support system (suspension) for the screen, ensuring its trouble-
free operation. Current capabilities for numerical simulations enable increasingly precise
determination of vibration amplitudes appearing in transient states and the verification
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of theoretical models. In order to conduct theoretical analyses of the screen’s operation
during startup, it was necessary to develop a physical model of the super-resonance screen
with linear vibrations (WP)—this model is presented in Figure 1.

S

X

Figure 1. Physical representation of the linear vibrating screen model utilized in the analysis: 1—riddle
plate; 2—inertial vibrators; 3—spring support; 4—supporting structure; 5—screen surface.

Figure 2 presents the structural diagram of a two-mass inertial vibrator-supported
screen. It consists of a screen with a mass of m1, supported by four springs with a spring
constant of k/4, along with two unbalanced masses mg/2, acting as vibrators. The vibrator
system is rigidly connected to the screen. It operates in a counter-directional motion,
causing only inertial forces in the direction of I-I axis to act on the screen. The plane of the
I-I axis passes through the centre of mass of the vibrating mass and the axis between the
two vibrators. This direction is inclined to the horizontal by an angle x1. The analysis of
such a system requires certain simplifying assumptions, where the direction of the acting
driving force passes through the centre of mass of the screen, which is satisfied in the case
of self-synchronization of the drive, and damping is neglected. Such a system performs
linear motion, as no torsional moments causing rotary vibrations of the screen will occur.
The value of the driving force acting in the I-I direction is determined by the formula:

P =my (rowzsinwt - S) @D

where (Figure 2):
m1—mass of the riddle;
mp—unbalanced mass;
m—vibrating mass;
k—equivalent elastic modulus of the suspension along the x and y axes;
ro—eccentric radius of unbalanced mass;
«1—the angle of inclination of the I-I axis relative to the horizontal;
w—yvibration frequency;
t—time.
When decomposing this force into two components, we obtain:

Py = my (rowzcosoclsinwt — x) )
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Figure 2. Two-dimensional physical representation of a linearly vibrating screen model.

After comparing with the value of the driving force and further transformation, we
obtain the formula for the amplitude of vibrations in the x and y directions. The most
significant, considering the interaction with the ground, is the formula for the y direction,

which looks as follows:
_ morow?sina,

A, =
Y k — mw?

4)

After considering the formula for the natural frequency:

k
— 1/ = 5
wo m ( )
It is obtained: )
moroSinug
Ay = wom (6)

(&) -1

On Figure 3, the amplitude of vibrations in the y-direction as a function of the fre-
quency ratio w/wy is shown.

As seen from Figure 3, at the resonance frequency, the amplitude of the screen’s
vibrations tends toward infinity, and beyond this frequency, it rapidly decreases and
approaches a constant value. Assuming an operating range of the screen at least four times
above the resonance, we can conclude that in the steady state, the vibration amplitude will

be constant and equal to:

MoroSinmg
A= @

During startup, this amplitude will be higher and dependent on damping and pri-
marily on the time and manner of passing through resonance. Amplitude studies during
startup are presented in the article [16], although they did not account for the startup time
and its impact on electrical power consumption.
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Figure 3. Theoretical amplitude response of vibrations in the y-axis (vertical) as a function of w/wy.

3. Description of Test Stands and Applied Research Methods

The research was conducted at Department of Machinery Engineering and Transport.
The object of the study was a WP screen with a linear trajectory of vibrations, with the
screen suspended on a system of four steel cables attached to the screen on one side and to
the elastic support system on the other. Vibrations with a linear trajectory were generated
by a system of two vibratory motors, 3PH—6 poles type MVE 500/1E-50A0, with a power
of 0.55 kW and a nominal speed of 1000 RPM (50 Hz). These motors are mounted on a
frame attached to the screen above the screen deck. The engines have opposite rotational
directions, and their close proximity allows for the occurrence of the “self-synchronization”
effect of the vibrators. A view of this research station with the most important components
marked is presented in Figure 4.

One of the research objectives was to demonstrate the impact of the preset startup
time on the parameters of the vibrating screen’s motion. A frequency converter (variable
frequency drive) Lenze AC Tech SMV ESV552 (Lenze: Hameln, Germany) with a power of
5.5 kW was used for startup. This converter increased the supply frequency from 0 to 50 Hz
within a specified time frame in a linear manner. The applied power supply and control
system (position 3—Figure 4) also enabled the measurement and recording of power using
a digital three-phase wattmeter Metrix PX0120 (Metrix: Asnieres-sur-Seine, France) and
current intensity with a digital meter DPM V14 (DPM: Kowanéwkowo, Poland). The
measurement results presented in the article consider the energy consumed by the entire
system, including the 50 W power consumption by the converter itself.

The study of vibrational motion was conducted using the experimental setup depicted
in Figure 5. Vibration measurements using this setup were carried out using a three-axis
PCB (piezoelectric) accelerometer, which was mounted on the screen of the screener. Ac-
celerometers have many advantages and are often used for precise vibration measurements
and in machine diagnostics [27-30]. The signal from the sensor was recorded by a N19232
data acquisition card housed in a CompactDAQ (National Instruments Corporation: Austin,
TX, USA) enclosure and then processed using custom software developed in the LabVIEW
environment. The sampling frequency for all measurements was set at 1 kHz. This setup,
where two accelerometers were employed, was also presented in a prior work [16].
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Figure 4. View of the WP rectilinear vibration screen test stand. 1—spring support; 2—frame;
3—power and control system; 4—vibrating motors; 5—screen surface.
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Figure 5. View of the research stand and schematic of the vibration measurement system us-
ing an acceleration sensor: 1—three-axis acceleration sensor PCB 356 A02; 2—measurement card;
3—measurement computer.

The investigation into the vibrating screen’s motion characteristics at the commence-
ment of operation took place at a specific location on the screen deck (denoted as point 3 in
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Figure 5). This location (point) was aligned with the screen deck’s surface, coinciding with
the plane perpendicular to the side of the sieve. This plane also served as the symmetrical
axis of the drive system, running parallel to the vibrators’ axis.

Measuring vibration amplitude values and their trajectories using piezoelectric ac-
celerometers (in the future referred to as electronic measurements) during the startup of
a vibrating machine can result in significant measurement errors. These errors may arise
from the need for double integration of the measured acceleration (to obtain displace-
ment values). To derive displacement values in the program, a regression integration
method was applied, necessitating the imposition of a high-pass filter to eliminate the
DC component. However, the filter value should be set as low as possible to ensure that
significant displacement (amplitude) data during startup are not omitted. Therefore, to
unambiguously indicate the actual amplitude values and their trajectories, it was decided
to conduct measurements optically, allowing for the verification of the results obtained
using electronic methods. The additional measurement method enables the validation of
the accuracy of measurements made with piezoelectric accelerometers.

The optical measurement was made possible by using a device attached to the screen
with the help of neodymium magnets. This device generates two light points precisely
spaced 10.0 mm =+ 0.1 apart from each other. Subsequently, by employing appropriate
lighting conditions (darkened environment) and using the Panasonic DMC-FZ1000 camera
(Panasonic: Osaka Prefecture, Japan) (mounted on a tripod), an appropriately long exposure
time (exceeding the startup time) was set to capture the trajectory of the light points (screen)
during startup. Figure 6 shows a view of such a device with a fixed distance between the
light points (on the left side), while on the right side, an example of the captured image
during startup is presented, with the dimensions indicated.

Ax
169 px

Figure 6. Measurement device with light points and a view of the captured image during measure-
ment with overlaid measurements.

The figure’s maximum range of horizontal vibrations is denoted as Ax, and the full
range of vertical vibrations is marked as Ay. These range values, provided in pixels, were
determined using GIMP software (version 2.10.30). The highlighted value in blue (318 px)
represents the known distance between the light points on the measuring device (10 mm),
which allowed for a straightforward conversion of measured vibration ranges in pixels into
values in millimetres with an accuracy of 0.1 mm.

4. Study of Vibrational Motion Parameters during the Startup of a Screen

The analysis of the vibrating screen during its startup focused on mechanical analysis
(analysis of vibration trajectories) and electrical analysis (determination of power consump-
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tion during startup). These experiments were conducted for predetermined startup times,
which were0s,0.1s,0.2s,05s,15s,25s,3s,4s,and 8s.

4.1. Mechanical Analysis

The research aimed to answer the question of what high-pass filter values should
be set to obtain the real values of maximum displacements (amplitudes) during startup
and vibration trajectories. For this purpose, the motion parameters of the vibrating screen
were studied using piezoelectric accelerometers, and then during the analysis of the results
of these studies, a high-pass filter with the following values was applied: 1.0; 1.5; 2.0;
2.5; 3.0; 3.5; 4.0; 4.5; 5.0; and 5.5 Hz. For each filter variant and for each of the specified
startup times, a trajectory of vibrations in the displacement coordinate system in the x
and y directions was generated. The value of the applied filter significantly impacts the
resulting displacement value and the obtained vibration trajectory.

Applying the optical measurement method made generating an actual image of the
vibration trajectory possible, allowing for a comparison with the trajectories obtained by
the electronic method. The optical measurements’ results, analysis (located in the top
left corner), and plots of calculated trajectories for the applied high-pass filter values are
presented in Figures 7-15.

The results of the vibrating screen’s motion parameters for different startup time
settings were analysed. The first stage of the analysis involved determining the maximum
amplitude values in the x and y directions obtained by the electronic measurement method.
These amplitude values represent the respective components of the generated vibration
trajectory—the projection onto the coordinate system’s horizontal (Ax) and vertical (Ay)
axes. Subsequently, an analysis was conducted to determine the high-pass filter value that
provided the best representation (both qualitatively and quantitatively) of the obtained
vibration trajectory to the actual values (i.e., results obtained by the optical method).

The results of this analysis are presented in the form of a table (Table 1). This table
includes the following information: the values of Ax and Ay measured optically; the range
of amplitude values variation in the x and y directions (for the full range of analysed
high-pass filter values); and the value of the high-pass filter for the best representation of
the vibration trajectory, as well as the obtained amplitude values when using this filter. The
accuracy of the recorded amplitude values for both measurement methods is +0.1 mm.

Table 1. Compilation of obtained research results.

Electronic Measurement

Real Value Comparison of
Optical Measurement Range of Obtained Values in Filter Value for the Amplitude Values Obtained Methods
Startup Time the Full Measurement Range ~ Best Representation for the Chosen Filter Absolute Error
Ax Ay Ax Ay Ax Ay Ax Ay
[Hz]
[mm] [mm] [mm] [mm] [mm] [mm] [%] [%]
0.0 [s]—Figure 7 53 233 4.0 +127 12.8 +29.1 2.0 5.0 23.5 6 1
0.1 [s]—Figure 8 54 234 3.8+9.1 124 + 248 2.0 4.7 239 13 2
0.2 [s]—Figure 9 5.9 229 4.0-+99 119 +28.7 2.0 4.7 22.3 20 3
0.5 [s]—Figure 10 6.2 22.8 44 +126 11.3 = 30.3 2.0 5.6 224 10 2
1.0 [s]—Figure 11 8.1 21.9 6.3 + 14.0 11.7 = 26.0 2.0 7.5 21.6 7 1
2.0 [s]—Figure 12 7.6 20.5 70113 72+229 1.5 7.2 20.5 5 0
3.0 [s]—Figure 13 6.6 12.0 6.1 =143 6.5 +221 1.5 7.2 12.0 9 0
4.0 [s]—Figure 14 7.6 18.7 6.5 +26.1 6.7 +41.1 2.0 74 16.7 3 11
8.0 [s]|—Figure 15 9.7 13.2 54 +240 4.8 +385 2.0 79 12.7 19 4
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Figure 7. View of obtained amplitude values and vibration trajectory shapes—startup time 0.0 s.
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Figure 8. View of obtained amplitude values and vibration trajectory shapes—startup time 0.1 s.
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Figure 9. View of obtained amplitude values and vibration trajectory shapes—startup time 0.2 s.
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Figure 10. View of obtained amplitude values and vibration trajectory shapes—startup time 0.5 s.
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Figure 11. View of obtained amplitude values and vibration trajectory shapes—startup time 1.0 s.



Energies 2023, 16, 7129

14 of 21

Preset startup time 2.0 [s] High-pass filter 1.0 [Hz] High-pass filter 1.5 [Hz]
15 15
12,5 N 12,5
—_— 10 q —_— 10+
g Y\ g
o ( £ (
2 s = 5 {
g o g o
< -57 R 5]
g 7 / g "
T 10 < -1
12,54 -1251
-15 T T T -15 T T T d
-15-125-10 -75 -5 -25 0 25 5 75 10 125 15 -15-125-10 -75 -5 -25 0 25 5 75 10 125 15
displacement x [mm] displacement x [mm]
High-pass filter 2.0 [Hz] High-pass filter 2.5 [Hz]
15 15
1251 125
e 10 = 10
757 7
E E
- -
25 =2
CLc) o 5 o
£ s § 25
o o
o 2 k=] -5
g -0 < -0
125 125
-15-1 =157 T T T T T d
-15-125-10 -75 -5 -25 0 25 5 75 10 125 15 -15-125-10 -75 -5 -25 0 25 5 75 10 125 15
displacement x [mm] displacement x [mm]
High-pass filter 3.0 [Hz] High-pass filter 3.5 [Hz] High-pass filter 4.0 [Hz]
15 15 15
125 125 125
—_ 10 —_— 10 —_— 10
£ 7,57 \ é 75 E 7,57
E 5 = 51 = 5
=2 2 s B 55
> o g 0 g 0
2 E =
§ 25 g 25 g 25
5 g g s g
T, 15 & 75 & 75
@n - o
5 -0 o 10 o -0
-125 -125 =125
A5 ; — ; ‘ 15 ‘ ; . . -15- ‘ — :
15 -125-10 -75 -5 -25 0 25 5 75 10 125 15 A15-125-10 75 -5 -25 0 25 5 75 10 125 15 -15-125-10 -75 -5 25 0 25 5 75 10 125 15
displacement x [mm] displacement x [mm] displacement x [mm]
High-pass filter 4.5 [Hz] High-pass filter 5.0 [Hz] High-pass filter 5.5 [Hz]
15 15+ 15
12, 125 1,
—_ 10 — 10 — 10
E 75 é 75 E 75
.g. : 5 : 5
= 2 Al |
2 2 = 2 < g 2
I~ ) a 0 € 3] )
£ = T g
g 25 g 25 “ g 2
g - ~ R > 2 s
} 7.5 & a5 2 75
5 0 T 10 o 10
-12,5 -12,5-] -12,57
-157 15+ : : . ; — -15-
-15-125-10 -75 -5 -25 0 25 5 75 10 125 15 -15-125-10 -7,5 5 -25 0 25 5 75 10 125 15 -15-125-10 -75 -5 -25 0 25 5 75 10 125 15
displacement x [mm] displacement x [mm] displacement x [mm]

Figure 12. View of obtained amplitude values and vibration trajectory shapes—startup time 2.0 s.
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Figure 13. View of obtained amplitude values and vibration trajectory shapes—startup time 3.0 s.
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Figure 14. View of obtained amplitude values and vibration trajectory shapes—startup time 4.0 s.
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Figure 15. View of obtained amplitude values and vibration trajectory shapes—startup time 8.0 s.

The analysis of the obtained research results, which is presented in Table 2, showed
that the best representation of the real values of vibration amplitudes of the screen during
its startup by using the accelerometer measurement method can be achieved by applying
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a high-pass filter with values ranging from 1.5 to 2.0 Hz. The highest relative errors for
the selected filter values that provided the best representation of real results were related
to the amplitude in the x direction (ranging from 3 to 20%). For the y direction, perfect
agreement of results was achieved, with errors mostly ranging from 1 to 4%, except for one
measurement (for a startup time of 4.0 s), where the error was 11%.

Table 2. Maximum current and power values during start-up.

Time [s] Maximum Current [A] Maximum Power [kW]
0.0 4.55 5.11
0.1 4.32 4.88
0.2 4.63 5.19
0.5 3.55 4.09
1.0 242 2.93
2.0 1.23 1.73
3.0 1.22 1.71
4.0 1.16 1.65
8.0 0.96 1.45

4.2. Power and Current Values during Start-Up

The second aspect of the conducted research involved measuring the current and
power consumption of the screen drive during startup. Power was continuously measured
and recorded, while the maximum current value was determined for current measurement.
An example of the power consumption variation during the screen drive startup is shown

in Figure 16.
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Figure 16. Example chart of instantaneous power variation for a 4-s startup.

During the startup process, we can observe a significant initial increase in instanta-
neous power to its maximum value, resulting from the necessity of obtaining the required
starting torque. Subsequently, as the system approaches its resonant frequency, there is
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a decrease in power consumption (a local minimum of power). To surpass this resonant
frequency and transition to steady-state rotation, it is necessary to increase the torque once
again, increasing power consumption. A noticeable reduction in instantaneous power
is observed for longer startup times (above 2 s), while for shorter startup times, passing
through the resonant frequency results in a change in the rate of power decrease. Table 2
presents the maximum current values recorded during startup and provides the maximum
instantaneous power value.

The current and power remain constant for the first three startup times of 0's, 0.1's,
and 0.2 s, with values around 4.5 A and 5 kW, which represents approximately 4.5 times
the rated power. For longer startup times, the measured values decrease and are only
slightly higher than the rated values. In steady-state operation, the screen drive consumes
approximately 520 W of energy, which is half of the rated power.

5. Conclusions

The results presented in the article regarding the startup time of the screen and its
impact on vibration parameters have led to the following conclusions:

1.  The measurements using three-axis acceleration sensors are subject to a small error
only when the measurement method is calibrated correctly.

2. The measurements can be calibrated using an optical method, allowing for the deter-
mination of correct maximum amplitude values obtained by electronic measurement.

3. The initial calibration of the measurement system presented in the article (performed
in the range from 1 to 5.5 Hz with a step of 0.5 Hz) allowed for obtaining measurement
results with an accuracy ranging from 3 to 20% for the x-axis and up to 11% for
the y-axis (up to 4% for eight out of nine analyzed startup times). The achieved
measurement accuracy is very satisfactory, demonstrating the practical applicability
of the proposed method in measuring vibrations of over-resonant vibrating screens.
There is a possibility of improving the accuracy of the obtained results by conducting
calibration tests with greater accuracy of the applied filter values (e.g., every 0.1 Hz).

4. The research has shown that the startup time significantly impacts the maximum am-
plitude value, which can be up to seven times greater than in steady-state operation.

5. Setting the screen startup time below 0.2 s does not affect the change in the screen’s
vibration trajectory during startup, which is related to the insufficient startup torque
of the drive.

6. The most favourable startup profile for the screen was recorded for a startup time of
3 s, during which the lowest vibration amplitudes were obtained. This demonstrates
that achieving the nominal rotational speed of vibrators as quickly as possible is not
always the most advantageous approach in over-resonant vibrating machines.

The second part of the research focused on the impact of the set startup time on the
energy parameters of the screen. The results of these studies indicate that the startup
time significantly affects the maximum instantaneous power consumed by the screen. The
following conclusions can be drawn from these studies:

1. For startup times below 0.2 s, the maximum instantaneous power remains constant
at approximately 5 kW (phase current of 4.5 A). This represents 4.5 times the rated
power and falls within the permissible motor overload range. The lack of differences
in the power values is most likely due to the insufficient startup torque of the motor,
preventing startup in less than 0.2 s.

2. Longer startup times significantly reduce the maximum instantaneous power con-
sumption. A significant decrease was observed for startup times ranging from 0.5
to 2.0 s. Above this time range, the power consumption stabilizes at a level between
1.5kW and 1.7 kW.

3. The analysis of power consumption changes during startup (Figure 16) also identifies
two stages of the screen startup: startup from 0 to the resonant frequency and from the
resonant frequency to steady-state operation. When rotating at the resonant frequency,
local minima of power consumption by the motors can be observed. This minimum is
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less pronounced for shorter startup times and is characterized by changes in the slope
of the power curve (the rate of decrease).

4.  Regarding energy efficiency, the most favourable startup times are above 2.0 s. Using
such startup times would allow for a threefold reduction in power consumption by
the drive. Consequently, it would be possible to select motors with much lower power
ratings, as low as 0.173 kW, thanks to the allowable fivefold overload of the drive
(two engines) during startup (1.73 kW /5/2 = 0.173 kW). This value is lower than the
steady-state power consumption of 0.52 kW (approximately 0.26 kW per motor). For
the tested screen, with a 2.0 s startup, the drive size could be minimized to 0.3 kW
motors (a 45% reduction in rated power), allowing for safe startup and operation at a
power level close to the rated power.

The practical application of the results presented in this article contributes to the
development of new guidelines for selecting drives for over-resonant vibrating screens.
Such a well-matched drive will reduce environmental impact by reducing reactive power
consumption, limiting the value of the resonance amplitude, as well as reducing operational
and purchasing costs for the screen.
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