]

DE GRUYTER
OPEN

DOI 10.1515/ama-2015-0031

acta mechanica et automatica, vol.9 no.4 (2015)

THE EXPERIMENTAL INVESTIGATION OF THE SCREEN OPERATION
IN THE PARAMETRIC RESONANCE CONDITIONS

tukasz BAK', Stanistaw NOGA’, Feliks STACHOWICZ"

"Faculty of Mechanical Engineering and Aeronautics, Rzeszow University of Technology,
Al. Powstarcow Warszawy12, 35-959 Rzeszow, Poland

lbak@prz.edu.pl, noga@prz.edu.pl, stafel@prz.edu.pl

received 15 May 2015, revised 10 December 2015, accepted 11 December 2015

Abstract: In this paper the experimental studies of the screen working in the parametric resonance condition are discussed. The investi-
gations are conducted for laboratory parametric resonance screen. The measuring test is performed for four cases of tension force values.
The full sheet metal instead of the sieve is used. For each considered case the natural frequency of the plate and the parameter modula-
tion frequency are determined.The achieved results are presented and discussed. It is shown that the highest sieve plate amplitude is ob-
tained when the parameter modulation frequency is two times larger than natural frequency of the sieve plate. This parametric resonance
vibration was observed only for tension force equal to 4000 N because of the rotational speed limits of electrical vibratos.
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1. INTRODUCTION

Vibro-impact mechanisms, such as screeners and drill-
ing/cutting devices, are usually designed to operate in a reso-
nance regime (RR) (Michalczyk, 1995). Then the most powerful
energy flux can be achieved from the exciter to the vibrating com-
ponent, and high oscillation amplitude of the target structure can
be obtained using excitation of a relatively low intensity. Paramet-
ric resonance PR is the state of oscillating instability which can
arise under periodic disturbance of a parameter of the structure,
for example, under periodic variation of the pendulum length
or the tensile force in a beam, plate or a flexible screen (Par-
szewski, 1992; Virgin, 2007).

The problem of the parametric resonance in mechanical systems
is studied by numerous researches and development centres
(Basar et al., 1987; Bak et al., 2013; de Silva, 2005; Hagedorn
and Koval, 1971; Michalczyk, 1995; Nguyen, 2013; Osinski, 1985;
Parszewski, 1982; Slepyan and Slepyan, 2013, 2014). The para-
metric resonance phenomenon has been known since 19th centu-
ry. For the first time, this phenomenon is described by Hill
and Mathieu and can be found as the fundamental theory related
to the vibration of the slender structures and the parametric reso-
nance phenomenon (the so—called Hill or Mathieu equation (de
Silva, 2005; Kaliski, 1996; Parszewski, 1982; Virgin, 2007)). The
analysis of parametric vibration in the beam system including the
Timoshenko theory is discussed by Hagedorn and Koval
(1971).While the parametric vibration of a Bernoulli beam with
constant transverse loading is analysed by Osinski (1985).In
paper of Yang and Chen (2006), the problem of stability in trans-
verse parametric vibration of axially accelerating beam is studied.
In the consideration the Newton's second law and Boltzmann's
superposition principle are used. The numerical method, based on
a finite element discretisation, is proposed to solve the parametric
resonance problem of a shell structures by Basar et al. (1987).

Work of Nguyen (2013) deals with analysis of the parametric
resonance of the simple supported rectangular plate by using the
von Karman large-deflection theory. In general parametric reso-
nance is undesirable effect in machines construction (for example
in gear wheels cooperation, slender structures, and other) (Virgin,
2007). But in some cases, the parametric resonance phenome-
non, allows to achieve higher performance processing.

A good example of confirmation, can be vibratory machines
for screening and transport of aggregate (Bak et al., 2013; Osi-
fski, 1985). Free vibrations of the screen sieve, operation in the
parametric resonance conditions, are analyzed in the paper
of Bak et al. (2013) by using analytical and numerical method. The
simple dynamic model of the vibrating screen operating in the
parametric resonance mode is proposed by Slepyan and Slepyan
(2013, 2014). The proposed model includes two mass points
connected by the prestressed string. Furthermore, in the above
mentioned papers the description of the sample screen system
working in the parametric resonance condition is presented. While
in papers of Song et al. (2009) and Li (1995), new constructions
of the vibrating screen working near resonance zone and chaoti-
cally excited are considered. Complex vibration analysis of the
new type of large vibrating screen with hyperstatic net-beam
structure is conducted in paper of Zhao et al (2009). Another
analysis related to the motion of the sieve of the vibrating screen
along the variable elliptical trace during screening processes
is discussed by He and Liu (2009). This paper continues the
recent authors investigations concerning the vibration of screen
systems (Bak etal., 2013). The present paper deals with the
experimental investigations of the laboratory screen operating
in the parametric resonance condition. The aim of these investiga-
tions is to determine the natural frequencies of the sieve and the
parameter modulation frequencies (the excitation frequencies)
as a function of the sieve tension force. Firstly, the description
of the screen is presented. Then the results of the dynamical
investigations are presented and discussed.
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2. DESCRIPTION OF THE LABORATORY SCREEN

The laboratory parametric resonance screen (Fig.1) is made
in accordance to the project based on the GEPARD-2 screen.
GEPARD-2 screen was formerly designed by V. Slepyan from
Loginov Partnership Mining Company in Kiev. All assemblies
of the screen are mounted on the base frame which is composed
of square profiles welded together.

The laboratory screen consists of the following assemblies
and devices:

— sieve size: 700 x 750 mm x 1 mm,

— two electrical vibrators with eccentric mass control from 0
to 2.97 kN,

— four strain gauge sleeves connected with HBM QUANTUM

X840 data acquisition system,

— two PCB model 353B14 accelerometer,
— laser speedometer with resolution 1 rpm,
— NI 9234 |EPE measuring module supported by the Signal

Express software.

Moreover in the experiment the PHANTOM V710 high speed
camera is used. The total estimated weight of the screen system
is 200 kg. In the presented investigations, the full sheet metal
instead of the sieve is used. For each case the value of the ten-
sion force was established with using strain gauges sleeves which
are mounted on the suspension bolt (Fig.2).

beam

suspension

Fig. 2. The strain gauges sleeves assembly
for tension force measurement
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3. EXPERIMENTAL METHODS

As mentioned earlier, the experiment is performed for the
plate without cut outs. The plate is made from 1 mm thickness
spring steel sheet grade 1.8159 (Tab. 1).The plate is mounted
between two beams of the screen with additional rubber pads
for reducing plate bending stresses (Fig. 1).For estimation
of tension force rough calculations were performed by using the
string tension force equation:

F, = 4f212Pp (1)

where: F, — tension force, f — frequency, - string length (plate
width), P - string (plate) cross-section area, p - material density.

This formula has been proposed by Slepyan and Slepyan
(2014) for preliminary adjustment of screen tension to obtain the
resonant frequency equal 25 Hz. In this frequency the most effi-
ciency screening is observed. The adjustment parameters which
were applied during test are shown in Tab.2. For each adjusted
tension force the resonant plate vibrations can be obtained by
changing the rotational speed of electrical vibrators in the range
of 2300+3466 rpm. The eccentric masses are adjusted on 50%
of nominal centrifugal force equal to 2972 N. By taking into ac-
count variable angular velocity of eccentric masses excitation
force is calculated. Rotational speed data is measured by laser
sensor and then converted to excitation frequency.

Tab. 1. Mechanical properties for spring steel sheet1.8159

Mechanical property Value
Young modulus, GPa 210
Ulitimate tensile stress, MPa 590
Tensile Yeld stress, MPa 395
Elongation Aso, % 24
Denisity, g/cm3 7.84

Tab. 2.Screen adjustment parameters

Tension force, N Excitation force, N f r:(;(:::ct::nHz
4000 1571/ 2151 49.4 and57.8
4800 1818 53.13
5200 1913 54.5
6000 1987 55.55

Two PCB piezoelectric accelerometers with measurement
range £1000gare used to determine the frequency and vibration
level. Voltage signal from the sensors is converted and collected
as acceleration versus time data. Further signal processing
is performed in MATLAB software by using Fast Fourier Trans-
form functions(FFT) and Chebyshev filter.

Plate vibrations are recorded also by using high speed camera
with speed rate 400 fps. This rate is sufficient to determine the
mode shapes of vibrating plate and to observe the system behav-
iour.

4, RESULTS

The results of the plate vibration frequency are shown
in Tab. 3. The first parametric vibration is observed when the plate
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natural frequency to excitation frequency ratio is nearly equal to
0.6 in all respected cases. As the tension force increased the
natural frequency for plate also increased what was expected
(Fig. 3). Comparing the tension forces from rough calculations and
from measurement test huge differences are observed. For this
reason the equation of string tension cannot be used even for
rough calculation of sieve natural vibrations. A small change
of proper excitation frequency (0.5 Hz) caused amplitude fading.
The second parametric resonance is found when the rotational
speed of vibrators increases. It is obtained for plate natural fre-
quency to excitation frequency ratio equal to 0.5. This parametric
resonance vibration was observed only for tension force equal to
4000 N because of the rotational speed limits of electrical vibratos.
This result confirms the theory of parametric resonance that the
primary parametric resonance appears when the frequency
of parameter change is two times larger than the natural frequen-
cy of the system.
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nant vibration more than 80 g (Fig. 5b). Application of excitation
frequency twice as large as the natural plate vibration resulted
in more than twice vibration amplitude in comparison with the first
parametric vibrations. This is important from the point of view
of the screening efficiency. High vibration amplitude causes the
vibro-impact occurrence. This phenomenon enable to screen the
naturally wet fine granular materials (e.g., sand) by breaking
glutted particles of material without additional water supply.
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Fig. 3. Dependence among the tension force, resonance frequency
and excitation frequency

Resonant frequencies of the plate are determined by analysis
of the amplitude spectrum graphs (Fig.4). The highest peak in the
graph demonstrates the resonant frequency of plate. In the graph
for first parametric resonance there is also one high peak localized
near frequency equal to 20 Hz (Fig.4a). This could be the effect
of high amplitude screen beams vibrations which are observed
during the test. Beams vibrations highly disturbed the plate motion
and the screen work as well, which is confirmed by high speed
camera record. For second parametric resonance there are no
visible peaks close to plate resonant frequency (Fig.4b).
The further peaks in high frequency level had no visible effect on
plate vibrations. The screen operation is stabile and the beams
vibrate with very small amplitude.

Tab. 3. Plate resonant frequencies

Tension force, Plate vibration Plate resonant frequency
N frequency, Hz lexcitation frequency ratio
4000 29.1 0.589 and 0.503
4800 324 0.61
5200 335 0.615
6000 34.35 0.618

Large differences between the first and the second plate par-
ametric vibrations are clearly visible by taking into account the
acceleration versus time graph (Fig. 5). The amplitude of the first
resonant vibration (Fig. 5a) is less than 40 g and for second reso-
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Fig. 4. Amplitude spectrum graphs: a) force tension: 5200 N, excitation
frequency: 54.5 Hz; b) force tension: 4000 N, excitation frequency:
57.8 Hz
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Fig. 5. Filtered acceleration versus time data for force tension 4000 N,
a) excitation frequency: 49.4 Hz; b) excitation frequency: 57.8 Hz

Beside the vibrations amplitude level the mode shape of vibra-
tion is also very important. The first mode shape of plate vibration
is observed in both excitation frequencies 49.4 Hz and 57.8 Hz

193



DE GRUYTER
OPEN

tukasz Bak, Stanistaw Noga, Feliks Stachowicz

DOI 10.1515/ama-2015-0031

The Experimental Investigation of the Screen Operation in the Parametric Resonance Conditions

(Fig. 6). This confirms that the first natural frequency of a plate
with tension equal to 4000 N is 29.1 Hz. For second parametric
vibration large plate deformation is visible caused by large vibra-
tion amplitude (Fig. 6b).

Fig. 6. Plate vibrations shapes (maximum deformation) for tension force
4000 N caught by high speed camera: excitation frequency:
49.4 Hz; b) excitation frequency: 57.8 Hz

5. CONCLUSIONS

This work deals with the experimental investigations of the la-
boratory screen operating in the parametric resonance condition.

In the experimental investigation, natural frequency of the
sieve plate and parameter modulation frequency are determined
for four cases of the tension force value. As it was expected the
value of the sieve plate natural frequency and parameter modula-
tion frequency grow parallel to the growing tension force.

The plate vibrations in parametric resonance conditions oc-
curred for two resonant frequency to excitation frequency ratios -
0.6 and 0.5.Plate parametric vibrations for frequency ratio 0.6
characterise relatively low amplitude. High amplitude beams
vibrations with frequency of 20 Hz were observed which disturbed
the plate vibrations. The highest sieve plate amplitude is obtained
when the parameter modulation frequency is two times larger than
the natural frequency of the sieve plate.

The experimental approach demonstrated in this paper can be
used for the case with the real sieve and for further investigation
related to the screening process.
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