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Abstract: The article describes the basic parts and the overall design of the laboratory machine, which can be
used to measure vibrations generated by a rotating conveyor roller attached to the flattened parts of its axis in
the cut-outs of the conveyor idler support. On the structurally modified support of the conveyor idler
consisting of the insertion of a plastic element placed between the roller axis and the support cut-out, the
vibration acceleration values of the rotating roller were measured and compared with the values of the
traditional roller axis placement in the steel support. The size of the peripheral speed of the roller was
determined, during the experimental measurements, by controlling the speed of the electric motor using a
frequency converter. The obtained results of the measured values of vibration velocities in three mutually
perpendicular planes showed a reduction in vibration values of about 15% when using plastic holders. The
paper aims to present one of the possible technical solutions that can limit the vibration values transmitted to
the supporting structure of the conveyor belt, generated by the rotating casing of the conveyor roller.

Keywords: laboratory machine; vibration; plastic holder; conveyor roller; support; cross bar;
conveyor idler

1. Introduction

Vibrations [1-4] occur as a result of the dynamic forces excitation during the operation of any
stationary [5] or mobile [6] machinery used in a number of industrial fields. Vibration is a mechanical
phenomenon when oscillations (repeated movements) of the body occur acting around the
equilibrium point (position), i.e., oscillation of rigid bodies or mass points.

When transporting bulk loose materials by belt conveyors [7-9] or piece materials using roller
conveyors [10], [11] in the course of work for these types of continuously working conveying
equipment, there is a large number of rotating parts, which are the conveyor rollers [12]. During the
operation of the belt conveyor, the conveyor roller is rotated by a force acting on the circumference
of its casing from the moving conveyor belt. The circumferential speed of the roller v: [m-s7] is
identical to the speed of the conveyor belt movement v [m-s1].

The conveyor belt is supported by conveyor rollers, which are placed in supports welded to the
cross bars of the firm roller support [13]. It is known from practice that conveyor rollers (used to
support the transmission element, which is the belt) of the conveyor belt vibrate [14], [15]. The
conveyor rollers’ vibrations grow with the increasing rotation speed of the rollers. At present, the
axles of the conveyor rollers are placed in cut-outs made in steel supports of fixed roller supports.
Connection with one degree of freedom between the roller axle and conveyor idler supports allows
the roller to move in a vertical plane. The conveyor roller is allowed to move vertically at the moment
when the dynamic force (generated by the centrifugal force of the rotating roller) is greater than the
inherent weight of the conveyor roller and loads acting on the roller casing (proportional part of the
weight of the conveyor belt and the weight of the transported material). The rotating casings of the
conveyor rollers are therefore in tangent contact (if we neglect the pressing of the conveyor belt
covering rubber into the conveyor roller casing) with a cover layer of the non-working side of the
moving conveyor belt. Particles of transported material that have not been sufficiently removed by
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the wipers are glued to the casings of the conveyor rollers [16] from the working side of the conveyor
belt driven by single or multi-drum driving stations. Uneven layers of dirt stuck to the casings of the
conveyor rollers cause their vibration during the conveyor belt operation [17-19], resulting in noise
generation] [20], [21] which has a subjectively unpleasant character. The noise of conveyor rollers
caused by vibrations is manifested in belt conveyors both when the conveyor belt is loaded and
unloaded by the material being transported.

An increase in transport performance [22], [23] of continuously operating transport devices [24],
[25] can be ensured by increasing the circumferential speed of the drive drum (for a belt conveyor)
or the drive rollers (for a roller conveyor). As a rule, an increase in the speed of rotation of conveyor
rollers is accompanied by increased noise and vibration.

An obligation of manufacturers or distributors of machinery, which includes belt or roller
conveyors, is to introduce safe products for the market in the European Union (Czech Republic).
According to Directive 2006/42/EC (Government Regulation No. 176/2008 Coll.), the manufacturer or
distributor must, among other things, inform the user in the instruction manual about the noise and
vibration levels caused by the machinery.

Vibration and noise [26] arising during the transport of material are the result of several factors:

a) connection between roller and structure - the stable connection between roller and structure
reduces the possibility of vibration,

b) material used - steel rollers produce stronger vibrations than rubber rollers, which dampen
vibrations,

c) design error - incorrect calibration of the roller rotation can cause strong vibrations, which can
lead to the destruction of the roller,

d) working environment - dusty or very humid areas can be the reason for rapid damage of
bearings [27] or roller casing.

Yang et al. deal with diagnosis systems based on audio studied in the paper [28]. Audio data is
collected from the belt conveyor by sensors, which is analysed using the stacked sparse encoders and
convolutional neural network.

Skoczylas, A. et al. in the article [29] describe a method for detecting conveyor rollers failure
based on an acoustic signal is described.

Fiset and Dussault describe in [30] that the rollers used to support belt conveyors deteriorate as
a result of a three-body wear process in which ore particles become trapped between the belt and
roller to create abrasive wear under slight stress. Therefore, when a roller blocks as the result of a
change in a rolling motion, the combined action of the belt and abrasive particles transforms the steel
roller into a sharp instrument that can cut the belt.

In the article [31] Zhao analyses two typical faults of the conveying roller on the belt conveyor
(manufacturing quality of roller and sealed lubrication, and the use of maintenance) and describes
the suitable maintenance methods for the prevention and elimination of failures to ensure the proper
operation of belt conveyor.

In [32] Peng et al. a new intelligent fault diagnosis method for rollers is proposed, using audio
wavelet packet decomposition and Convolutional Neural Networks (CNN). The wavelet packet
decomposition algorithm is used to decompose the audio data of the rollers into several frequency
bands. The lowest-frequency data are adjusted under consideration of the excessive energy
proportion with the low-frequency data. Then, CNN is used to classify the features of each frequency
band to diagnose rollers’ faults.

The authors Perun and Opasiak present in the article [33] the results of preliminary studies,
which aim at non-invasive qualification of technical state for belt conveyor rollers after a specified
time of their exploitation. They carried out measurements of casing vibrations provided for a roller
installed on a laboratory stand. The recorded vibration signals were then processed. Authors assume
that the comparison of analysed results for new and worn rollers in the next stages will allow for
determining the limit levels of vibroacoustics phenomena, exceeding which will qualify the roller for
its replacement.
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Tohov et al. in [34] monitored the service life of the conveyor rollers by studying the static and
dynamic loads of individual pieces in the overburden of the cut in the Angren open pit. As a result
of the research, a graph for the conveyor rollers’ service life dependence on the belt speed was
obtained.

Jiang and Cao explore a new kind of automatic fault detection and identification method based
on wavelet transform and BP neural network technology, through a de-noising method to extract
fault feature sound improving system recognition accuracy in the paper [35].

Klimenda et al. in the article [36] deal with the noise and vibration measurement of rollers for
belt conveyors. The article describes the measuring stand, the individual roller types which were
measured, and the procedure for measuring the noise and vibrations of individual types of rollers.

Bombasaro and Oddera [37] carried out measurements to assess the force acting on the rollers
for a large-diameter pipe conveyor. A special idler enclosing two dynamometers was designed and
installed in the various roller positions. The forces on the rollers were metered while the conveyor
was running with and without conveying material. The position of the two dynamometers was such
allowing us to derive the theoretical contact point of the belt onto the roller. The measurements were
carried out in a straight section of the pipe conveyor and the centre part of a horizontal curve.

An article [38] by Bortnowski et al. presents the detection of damage to rollers based on the
transverse vibration signal measured on the conveyor belt. A solution was proposed for a wireless
measuring device that moves with the conveyor belt along the route, which records the signal of
transverse vibrations of the belt.

Vibration can be considered as a uniform oscillation and can be defined graphically by a plane
curve sinusoid (or sine wave) Figure 1(a). General sinusoid y(t) [m] (instantaneous value of
deflection) as a function of time t [s] is described by the equation (1).

y(t) = Assin(B) = Asin(w) [m], 1)

The effective value of deflection yrms [m] [39] is the mean square value of the deflection A [m]
per period, for the sine wave see (2), see Figure 1(a). T [s] is a period that indicates the time t [s] of the
duration for one repetition of this periodic process.
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Figure 1. Uniform oscillation, instantaneous and effective value of (a) deflection, (b) velocity, (c)

acceleration over time t [s].

YRMS JT,éA (t)dt =A.\/Tc.(j;[sm(t)] dt [m] | 2)

The effective value of deflection yrms [m] (Figure 1(a)) for the periodic course of a sinusoidal
wave, i.e. a plane curve describing uniform oscillation, gives the relation (3).

A

YRMS = ﬁ ~0.707-A [m] 3)

The instantaneous speed value v(t) [ms], see Figure 1(b) as a function of time t [s] is described
by the equation (4). The effective value of vibration velocity vrms [m-s] can be expressed according
to the relationship (3), substituting for the symbol A the maximum speed value vmax [m-s].

dy(t) _ dAsin(wt)

=
0="4 dt

= A-w-cos(w-t) [m-s'l] , 4)
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2. Materials and Methods

Figure 2(a) presents the 3D design of the laboratory machine, which was developed using
SolidWorks®Premium 2012 SP5.0 software at the Department of Machine and Industrial Design,
Faculty of Mechanical Engineering, VSB-Technical University of Ostrava.

_p0z9Bupeag

Figure 2. (a) Laboratory machine design, (b) conveyor roller. 1 — steel frame, 2 — firm conveyor idler,
- 3 conveyor roller, 4 -V-belt, 5 - drive electric motor, 6 - drive support frame, 7— threaded guide rods,
8 — supporting device of the electric motor.

Laboratory machine (see Figure 3), manufactured by DvB-AF s.r.o. for noise measurement
purposes [40], [41], which emits a rotating conveyor roller into the surroundings) uses for spinning
the conveyor rollers 3 electric motor 5 (type 1AL90L-4 [42], power P. = 1.5 kW, revolutions n. = 1445
min™). On the ¢ 24 mm shaft of the electric motor (with a tight spline 8 x 7 x 40 mm) a V-pulley with
a calculated diameter dw =90 mm is inserted, which transmits the tractive force of the drive by friction
to two V-belts 4 (type SPZ 2500 Lw 9,7x2513 La L=L). The revolutions n. [min] of the electric motor
5 are controlled by a frequency converter (type YASKAWA VS-606 V7) [43].

The conveyor roller 3 (see Figure 2(b)) with a steel coating (diameter D: =133 mm, length L =465
mm) with the flattened parts at both ends of its axle (¢ 20 mm) inserted into the cut-outs (width s =
14 mm) in supports (welded to the cross bars of circular cross-section) of the firm conveyor idler 2.
On the conveyor roller casing 3 a steel wedge pulley with two V-grooves is placed (calculated
diameter Dw = 163 mm), which is secured against sliding along the roller casing by weld.

The circumferential velocity v: [m-s'] of the conveyor roller can be calculated according to
relation (5), assuming that Dw [m] is the pitch diameter of the groove of the wedge pulley, which is
mounted on the casing of the conveyor roller with diameter Dr [m].

vy =Dy mny [m-s’l] , )
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Figure 3. Laboratory machine (a) 2D structural design, (b) implemented solution.
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Belt conveyors used for the transport of bulk materials use firm conveyor idlers in which the
conveyor rollers are placed, with axles firmly seated in the cut-outs of the supports fixed on cross
bars made of tubes or rolled sections, see Figure 4(b). To reduce the structure height of the central
parts and the roll moment of conveyor idlers, the cross bars are curved, and they are usually screwed
to the central parts. Firm conveyor idlers in the upper (working) run of the belt conveyor are most
often made as a three-roller with the same length of rollers.

Figure 4. Placement of the conveyor roller axle in the support cut-out welded to the cross bar of the
firm conveyor idler, (a) plastic roller holder, (b) plastic roller holder, (c) coordinate system and
measuring points A+D.

The laboratory device, see Figure 3(b), is used to compare the effective speed values for vibration
during rotating at different circumferential speeds v: [m's?] (5) on the conveyor roller (design see in
Figure 2(b)), which is placed in the support of a firm conveyor idler (Figure 4). As already mentioned,
at present, the end parts of the axles for each conveyor roller placed in common belt conveyors are
firmly seated in the support cut-outs, and these supports are welded on the cross bar of the firm
conveyor idler, see Figure 4(b).

The new solution for this conveyor idler described in this article is a new design, which
introduces a plastic member between the roller axle and the support, see Figure 4(a).

Experimental measurements carried out in the Laboratory of Research and Testing, at the
Department of Machine and Industrial Design, Faculty of Mechanical Engineering, VSB-Technical
University of Ostrava, provided on the above-mentioned laboratory device, aimed to confirm or
disprove the assumption that the vibrations transmitted from the rotating conveyor roller through
the traditional steel support (Figure 4(b)), or the support with a plastic holder (Figure 4(a)) into the
cross bar of the firm conveyor idler and also into the steel frame of the laboratory machine can be
reduced. They simulate the conveyor run of a real belt conveyor.

Vibration generated by rotating conveyor roller 3, transmitted to the cross bar of the firm roller
support 2 and the steel frame 1, were detected by two acceleration sensors PCE KS903.10 [44], see
Figure 5. During measurements, signals from these acceleration sensors were recorded by a
measuring apparatus Dewesoft SIRIUSi-HS 6xACC, 2xACC+ [45]. The time records of the measured
values were transformed by the measuring apparatus into the effective values of the broadband
speed [mm-s] in the range of 10+1-10* Hz (this frequency range is applied to the ISO standard 10816-
3 [46]). Effective speed values *rvs [mm-s] for the periodic courses were displayed on the PS monitor
using the Dewesoft X measuring software.
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Figure 5. Components used to detect, and record measured vibration values of a rotating roller on a
laboratory machine.

3. Results

To dampen vibrations produced during experimental tests, the laboratory machine support bars
(see Figure 3(b)) are equipped with elastic pads (material used ELASTON-ELTEC FS 700, 8 mm
thickness) and they are anchored with bolts to the lab floor, located on the ground floor of the
building.

The tested conveyor roller (casing diameter 133 mm, casing length 465 mm), with a V-pulley
fitted on its casing, was placed behind its axle into the support cut-outs on the cross bar of one of the
two firm conveyor idlers.

One conveyor idler used in experimental testing was of the standard design and the other one
was of an atypical design. The atypical design consists of the modification of supports fitted with
plastic holders, into whose cut-outs those flattened parts are inserted (with width s = 14 mm, length
(L2 — L1)/2 = 10 mm, see Figure 2(b)) for both ends of the axle (the total length of L2 = 493 mm) of the
conveyor roller.

The conveyor roller 3 (see Figure 3(a)) is rotated using two V-belts 4, the speed of which is
derived from the speed of the driving electric motor 6, which is set to the required value by a
frequency converter [43].

Table 1 shows the effective vibration values *rvse [mm-s-1] that have been detected by a vibration
sensor fixed in place j = A (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, or y, or z), see Figure 4(c), on the cross bar of the firm conveyor idler, for variant
- steel support, when controlling the speed of the electric motor by a frequency converter in the range
of k=10+50 Hz.

Table 1. Placement of the roller axles into the steel support, measuring point A, the speed of the
electric motor controlled by a frequency converter in the range of 10+50 Hz.

k XRMS(K) YRMS (9 ZRMS(K) () V()
[Hz] [mm-s1] [mm-s] [mm-s1] [min-1] [m-s1]
10 0.2121 0.275"1 0.2051 151.35 1.29
15 0.2511 0.3121 0.22411 242 .47 2.07
20 0.4691 0.3001 0.2191 323.71 2.76
25 0.4462 0.435™2 0.2482 404.96 3.46
30 1.368 2 1.061 0.37572 486.23 4.15
35 2.4602 0.94372 0.531 567.51 4.84
40 343673 0.75173 0.7693 648.83 5.54
45 3.53573 0.7963 0.7533 730.14 6.23
50 3.5823 0.6863 0.73773 811.49 6.93

"1 see Figure 6(a), " see Figure 6(b), " see Figure 6(c).
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In Figure 6 at the top left, a time record of the measured effective values of the vibration rate
*rMs( [mm-s-1] is given (see Table 1) for conveyor roller speed n: [min], which were set by controlling
the drive electric motor using a frequency converter. Effective speed values for vibrations given in
Figure 6 are values measured using a vibration sensor mounted in place A (see Figure 4(c)).

Figure 6(a) displays effective values of vibration speeds *rusk) [mm-s] (see Table 1) when
controlling the speed of the electric motor by a frequency converter in the range of k = 10+20 Hz.

Figure 6(b) presents effective values of vibration speed *rvsk [mm-s'] (see Table 1) when
controlling the speed of the electric motor by a frequency converter in the range of k = 25+35 Hz.

Effective values of vibration speed *rvsk [mm-s-] (see Table 1) when controlling the speed of the
electric motor using a frequency converter in the range of k = 25+35 Hz are listed in Figure 6(c).
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Figure 6. Steel support, measuring point A, values of the difference in effective vibration values at a)
10 + 20 Hz, b) 25 + 35 Hz, c) 40 + 50 Hz.

Table 2 shows the effective vibration values *rvs@ [mm-s-1] that have been detected by a vibration
sensor fixed in place j = B (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =Xx, or y, or z), see Figure 4(b), on the cross bar of the firm conveyor idler, for variant
— steel support, when controlling the speed of the electric motor by a frequency converter in the range
of k=10+50 Hz.

Table 2. Placement of the roller axles into the steel support, measuring point B, the speed of the electric
motor controlled by a frequency converter in the range of 10+50 Hz.

k XRMS (k) YRMS () ZRMS(K) Nr(k)
[Hz] [mm-s] [mm-s] [mm-s] [min]
10 0.32274 0.101 0.1574 151.35
15 0.519 0.166 0.278™ 242 .47
20 0.584 4 0.178 0.3974 323.71
25 0.726 0.315% 0.523% 404.96
30 1.4035 1.161° 0.797 486.23

35 1.767 1.134% 0.9807> 567.51
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40 2.0457¢ 0.9397¢ 1.2117¢ 648.83
45 1.8467 0.848 1.556 730.14
50 1.9227 0.577 1.4037¢ 811.49

" see Figure 7(a), ™ see Figure 7(b), " see Figure 7(c).

In Figure 7 at the top left, a time record of the measured effective values of the vibration rate
*rMs) [mm-s] is given (see Table 2) for conveyor roller speed n: [min], which were set by controlling
the drive electric motor using a frequency converter. Effective speed values for vibrations given in
Figure 7 are values measured using a vibration sensor mounted in place A (see Figure 4(b)).

Figure 7(a) displays effective values of vibration speeds *rusk) [mm-s] (see Table 2) when
controlling the speed of the electric motor by a frequency converter in the range of k = 10+20 Hz.

Figure 7(b) presents effective values of vibration speed *rvsk [mm-s'] (see Table 1) when
controlling the speed of the electric motor by a frequency converter in the range of k = 25+35 Hz.

Effective values of vibration speed *rvsk [mm-s-] (see Table 2) when controlling the speed of the
electric motor using a frequency converter in the range of k = 25+35 Hz are listed in Figure 7(c).
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Figure 7. Steel support, measuring point B, values of the difference in effective vibration values at a)

a

10 +20 Hz, b) 25 + 35 Hz, ¢) 40 + 50 Hz.

Table 3 shows the effective vibration values *rvs@ [mm-s-1] that have been detected by a vibration
sensor fixed in place j = C (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, or y, or z), see Figure 4(b), on the cross bar of the firm conveyor idler, for variant
— steel support, when controlling the speed of the electric motor by a frequency converter in the range
of k=10+50 Hz.

Table 3. Placement of the roller axles into the steel support, measuring point C, the speed of the
electric motor controlled by a frequency converter in the range of 10+50 Hz.

k XRMS(K) YRMS (k) ZRMS(K) Nr(k) Vi)
[Hz] [mm-s-1] [mm-s-1] [mm-s-1] [min-1] [m-s-1]
10 0.3717 0.096"7 0.078"7 150.19 1.28
15 0.1628 0.164" 0.0888 242.47 2.07
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20 0.221" 0.204 0.122 323.72 2.76
25 0.30910 0.43410 0.172°10 404.97 3.46
30 0.883 11 1.128™11 0.317 11 486.23 4.15
35 0.632712 0.941 12 0.31712 567.52 4.84
40 0.716"13 0.823"13 0.353"13 648.83 5.54
45 1.245714 0.735"14 0.393 14 730.16 6.23
50 224615 0.61615 0.461 15 811.55 6.93

7 see Figure 8(a), *® see Figure 8(b), ™ see Figure 8(c), "'* see Figure 8(d), ™! see Figure 8(e), "2 see Figure 8§(f), "% see
Figure 8(g), "4 see Figure 8(h), 1> see Figure 8(i).

Figure 8 presents a time record of the measured effective values of the vibration speed *rmsw)
[mm-s'] (see Table 3) for the revolutions of the transport roller nr [min'], which were set by
controlling the driving electric motor with a frequency converter. The effective values of the vibration
speed shown in Figure 8 are the values that were measured by the vibration sensor fixed at C (the
upper side profile of the steel structure of the laboratory machine, see Figure 4(b)).
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Figure 8. Steel support, measuring point C, a) 10 Hz, b) 15 Hz, c) 20 Hz, d) 25 Hz, e) 30 Hz, f) 35 Hz,
g) 40 Hz, h) 45 Hz, i) 50 Hz.

Table 4 shows the effective vibration values *rvse [mm-s-] that have been detected by a vibration
sensor fixed in place j = D (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, ory, or z), see Figure 4(b), on the cross bar of the firm conveyor idler, for variant
— steel support, when controlling the speed of the electric motor by a frequency converter in the range
of k =10+50 Hz.

Table 4. Placement of the roller axles into the steel support, measuring point D, the speed of the
electric motor controlled by a frequency converter in the range of 10+50 Hz.

k XRMS(K) YRMS () ZRMS(K) Nr()
[Hz] [mm-s-1] [mm-s-1] [mm-s-1] [min-]
10 0.41076 0.23716 0.232716 150.19
15 0.497 17 0.224"17 0.31817 242.47
20 0.523"18 0.215"18 0.41818 323.72
25 0.670"10 0.354 19 0.586 19 404.97
30 1.316™ 1.1572 0.80020 486.23

35 1.142™2 1.0792 0.8851 567.52
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40 1.058 22 0.986 22 1.05822 648.83
45 1.0572 0.843 1.3842 730.16
50 1.776"24 0.620 24 1.3117 811.55

"6 see Figure 9(a), " see Figure 9(b), "8 see Figure 9(c), "'° see Figure 9(d), “? see Figure 9(e), ! see Figure 9(f), *
see Figure 9(g), " see Figure 9(h), *** see Figure 9(i).

Figure 9 presents a time record of the measured effective values of the vibration speed *rmsw)
[mm-s'] (see Table 4) for the revolutions of the transport roller nr [min'], which were set by
controlling the driving electric motor with a frequency converter. The effective values of the vibration
speed shown in Figure 9 are the values that were measured by the vibration sensor fixed at C (the
upper side profile of the steel structure of the laboratory machine, see Figure 4(b)).
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Figure 9. Steel support, measuring point D, a) 10 Hz, b) 15 Hz, c) 20 Hz, d) 25 Hz, e) 30 Hz, f) 35 Hz,
g) 40 Hz, h) 45 Hz, i) 50 Hz.
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Table 5 shows the effective vibration values *rvs@ [mm-s-1] that have been detected by a vibration
sensor fixed in place j = A (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, or y, or z), see Figure 4(a), on the cross bar of the firm conveyor idler, for variant
— plastic support, when controlling the speed of the electric motor by a frequency converter in the
range of k =10+50 Hz.

Table 5. Placement of roller axle in plastic support, measuring point A, the speed of the electric motor
controlled by a frequency converter in the range of 10+50 Hz.

k XRMS(K) yRMS(k) ZRMS(k) Nr(k) Vr(k)
[Hz] [mm-s] [mm-s-1] [mm-s] [min-1] [m-s-1]
10 0.169% 0.194™% 0.142° 149.70 1.28
15 0.221"% 0.196 0.155"% 241.46 2.06
20 0.276™ 0.205% 0.148 322.50 2.75
25 0.464 2 0.252726 0.197 2 403.58 3.44
30 1.7002¢ 1.39072 0.364 2 484.68 4.14
35 2.11272 0.777 26 0.400 26 565.78 4.83
40 3.362"%7 0.816%7 0.623"27 646.90 5.52
45 3.724°27 0.63927 0.76527 728.01 6.21

50 3.725%7 1.273 0.609 % 809.17 6.91
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%5 see Figure 10(a), "% see Figure 10(b), " see Figure 10(c).

In Figure 10 at the top left, a time record of the measured effective values of the vibration rate
*rMs( [mm-s-1] is given (see Table 5) for conveyor roller speed n: [min], which were set by controlling
the drive electric motor using a frequency converter. Effective speed values for vibrations given in
Figure 10 are values measured using a vibration sensor mounted in place A (see Figure 4(b)).

Figure 10(a) displays effective values of vibration speeds *rvsi [mm-s] (see Table 5) when
controlling the speed of the electric motor by a frequency converter in the range of k = 10+20 Hz.

Figure 10(b) presents effective values of vibration speed *rvs@y [mm-s-'] (see Table 5) when
controlling the speed of the electric motor by a frequency converter in the range of k = 25+35 Hz.

Effective values of vibration speed *rvsk [mm-s-] (see Table 5) when controlling the speed of the
electric motor using a frequency converter in the range of k = 25+35 Hz are listed in Figure 10(c).

B ® ® 2

ACC_A_2_10-1000 Hz (mmis)
ACC_A_y_T0-1000 Fiz (mve)

1
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Figure 10. Plastic support, measuring point A, values of the difference in effective vibration values at
a) 10 +20 Hz, b) 2 5+ 35 Hz, ¢) 40 + 50 Hz.

Table 6 shows the effective vibration values *rvs [mm-s-] that have been detected by a vibration
sensor fixed in place j = B (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, or y, or z), see Figure 4(a), on the cross bar of the firm conveyor idler, for variant
— plastic support, when controlling the speed of the electric motor by a frequency converter in the
range of k =10+50 Hz.

Table 6. Placement of roller axle in plastic support, measuring point B, the speed of the electric motor
controlled by a frequency converter in the range of 10+50 Hz.

k XRMS () YRMS () ZRMS () N
[Hz] [mm-s-1] [mm-s-1] [mm-s-1] [min-1]
10 0.150"2 0.158"2 0.211"2 149.70
15 0.178"2 0.158"2 0.2812 241.46
20 0.210"% 0.172°28 0.375"2 332.50

25 0.349 0.220» 0.441> 403.58
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30 1.269% 1.363» 0.667 % 484.68
35 1.320"% 0.783» 0.752™ 565.78
40 1.815%%0 0.832730 1.097 %0 646.90
45 1.746%0 0.72070 1.348%0 728.01
50 1.982%0 0.892730 1.298%0 809.17

28 see Figure 11(a), " see Figure 11(b), " see Figure 11(c).

In Figure 11 at the top left, a time record of the measured effective values of the vibration rate
*rMs() [mm-s-1] is given (see Table 6) for conveyor roller speed n: [min], which were set by controlling
the drive electric motor using a frequency converter. Effective speed values for vibrations given in
Figure 11 are values measured using a vibration sensor mounted in place B (see Figure 4(c)).

Figure 11(a) displays effective values of vibration speeds *rvsk) [mm-s-'] (see Table 6) when
controlling the speed of the electric motor by a frequency converter in the range of k = 10+20 Hz.

Figure 11(b) presents effective values of vibration speed *rvsi [mm-s] (see Table 6) when
controlling the speed of the electric motor by a frequency converter in the range of k = 25+35 Hz.

Effective values of vibration speed *rusi) [mm-s-] (see Table 6) when controlling the speed of the
electric motor using a frequency converter in the range of k = 25+35 Hz are listed in Figure 11(c).

B ® = 9

ACC_A_z_10-1000 Hz (mmis)
ACC_A_y_10-1000 Hiz (memvs)

__________________________________

Figure 11. Plastic support, measuring point B, values of the difference in effective vibration values at
a) 10 + 20 Hz, b) 2 5 + 35 Hz, ¢) 40 + 50 Hz.

Table 7 shows the effective vibration values *rvs@ [mm-s-1] that have been detected by a vibration
sensor fixed in place j = C (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, ory, or z), see Figure 4(b), on the cross bar of the firm conveyor idler, for variant
— plastic support, when controlling the speed of the electric motor by a frequency converter in the
range of k =10+50 Hz.


https://doi.org/10.20944/preprints202307.1180.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 July 2023 do0i:10.20944/preprints202307.1180.v1

13

Table 7. Placement of roller axle in plastic support, measuring point C, the speed of the electric motor
controlled by a frequency converter in the range of 10+50 Hz.

k XRMS(K) YRMS () ZRMS(K) Nro
[Hz] [mm-s1] [mm-s-1] [mm-s] [min-1]
10 0.2651 0.122731 0.07531 150.14
15 0.24532 0.12632 0.063 32 241.48
20 0.514 3 0.199733 0.1363 322.51
25 0.479 34 0.276"3 0.105 "3 403.58
30 0.682% 1.341 3 0.163"% 484.66
35 1.268 36 0.6733 0.2217% 565.77
40 0.868%7 0.501 %7 0.151%7 646.88
45 1.51638 0.508 "3 0.23838 728.03
50 8.193"% 1.402% 2.138"% 809.16

31 see Figure 12(a), "2 see Figure 12(b), " see Figure 12(c), *** see Figure 12(d), > see Figure 12(e), ¢ see Figure
12(f), "7 see Figure 12(g), 8 see Figure 12(h), **° see Figure 12(i).

Figure 12 presents a time record of the measured effective values of the vibration speed *rmsw)
[mm-s'] (see Table 7) for the revolutions of the transport roller nr [min'], which were set by
controlling the driving electric motor with a frequency converter. The effective values of the vibration
speed shown in Figure 12 are the values that were measured by the vibration sensor fixed at C (the
upper side profile of the steel structure of the laboratory machine, see Figure 4(c)).

ACC_A_x_10-10

ACC_A_z_10-1000 Hz (mm/s)
ACC_A_y_10-1000 Hz (mm/s)
4
CONVEYOR SPEED (m/s)

(@ (b ® @ m 6

Figure 12. Plastic support, measuring point C, a) 10 Hz, b) 15 Hz, c) 20 Hz, d) 25 Hz, e) 30 Hz, f) 35
Hz, g) 40 Hz, h) 45 Hz, i) 50 Hz.

Table 8 shows the effective vibration values *rvs@ [mm-s-1] that have been detected by a vibration
sensor fixed in place j = D (see Figure 4(c)), by measuring apparatus SIRIUSi-HS in individual
coordinate axes (* =X, ory, or z), see Figure 4(a), on the cross bar of the firm conveyor idler, for variant
— plastic support, when controlling the speed of the electric motor by a frequency converter in the
range of k =10+50 Hz.
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Table 8. Placement of roller axle in plastic support, measuring point D, the speed of the electric motor
controlled by a frequency converter in the range of 10+50 Hz.

k XRMS(K) YRMS () ZRMS(K) Nro
[Hz] [mm-s1] [mm-s-1] [mm-s] [min-1]
10 0.248"40 0.214 ™40 0.24840 150.14
15 0.196™4 0.2004 0.29541 241.48
20 0.357 42 0.251 "2 0.394 42 322.51
25 0.325"43 0.277 43 0.44143 403.58
30 0.808 44 1.933 44 0.643 44 484.66
35 0.994 45 1.3414 0.61745 565.77
40 0.669 46 1.708 46 0.639 46 646.88
45 0.615+ 1.75847 0.83547 728.03
50 490248 1.962 48 1.7514 809.16

40 see Figure 13(a), ! see Figure 13(b), " see Figure 13(c), ** see Figure 13(d), 4 see Figure 13(e), "> see Figure
13(f), "¢ see Figure 13(g), "’ see Figure 13(h), " see Figure 13(i).

Figure 13 presents a time record of the measured effective values of the vibration speed *rmsw)
[mm-s'] (see Table 8) for the revolutions of the transport roller nr [min'], which were set by
controlling the driving electric motor with a frequency converter. The effective values of the vibration
speed shown in Figure 13 are the values that were measured by the vibration sensor fixed at C (the
upper side profile of the steel structure of the laboratory machine, see Figure 4(c)).

ACC_B_z_10-1000 Hz (mm/s)
4
ACC_B_y_10-1000 Hz (mm/s)
CONVEYOR SPEED (m/s)

e ) (® m @

Figure 13. Plastic support, measuring point D, a) 10 Hz, b) 15 Hz, c) 20 Hz, d) 25 Hz, e) 30 Hz, f) 35
Hz, g) 40 Hz, h) 45 Hz, i) 50 Hz.

Measured data of effective vibration speed values *rvsk [mm-s?], listed from Table 1 to Table 8
and processed using DEWESoft X software, can be sent in case of interest, by prior written agreement,
in *.XLSX (Microsoft Excel) format.

4. Discussion

Experimental measurements provided using measuring apparatus (see Figure 5) on a laboratory
machine (see Figure 3(b)) aimed to verify if vibrations (caused by rotating roller and transmitted to
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the cross bar of the conveyor idler, see Figure 2(a)), will reach lower values when a plastic holder is
inserted into the contact surface between the roller axle and the cut-out of the support.

From Figure 14, it is clear that effective vibration values in individual coordinate axes, i.e., *rms
[mm-s'], measured at point A, see Figure 4(c), grow with increasing speed v: [m-s] of the conveyor
roller rotation, the axle of which is mounted in a steel or plastic support.
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in a steel and plastic support. Steel support: % XRMS, Z VRMS, % zrwms, plastic support:

The highest absolute values of the difference in effective vibrations values for the x-axis in point
A were reached at the set frequency of k = 35 Hz (using a frequency converter controlling the speed
of the electric motor) Axrms = 0.348 mm-s. The lowest absolute values of the difference in effective
vibrations values for the x-axis in point A were reached at the set frequency of k =25 Hz Axrms = 0.018
mm-st.

The maximum absolute values of the difference in effective vibrations values for the y-axis in
point A (were achieved at the set frequency k =50 Hz (on a frequency converter controlling the speed
of the electric motor) Axrms = 0.587 mm-s. The lowest absolute values of the difference in effective
vibrations values for the y-axis in point A Axrms = 0.065 mm-s! were achieved at the set frequency of
k=40 Hz.

The highest absolute values of the difference in effective vibrations values for the z-axis in point
A were achieved at the set frequency of k =40 Hz (on a frequency converter controlling the speed of
the electric motor) Axrms = 0.146 mm-s?. The lowest absolute values of the difference in effective
vibrations values for the z-axis in point A were achieved at the set frequency of k = 30 Hz Axrms =
0.011 mm-s.

If we compare the measured effective values of vibration rates in individual coordinate axes
*rvsy [mm-s?] (Figure 14), recorded in point A (Figure 4(c)), i.e., in the upper surface of the steel
structure profile, listed in Table 1 for steel support (Figure 4(b)) and Table 5 for plastic support (Figure
4(a)), it can be stated that the vibration speed values measured for the plastic support were lower
than the vibration speed values measured on the steel support.

Similarly, lower values of vibration speeds showed measurements of results listing effective
vibration speed values *rvsi) [mm-s] for plastic support, if the vibration sensor was placed in point
C (Figure 4(c)), i.e., in the upper surface of the steel structure profile, listed in Table 3 for steel support
and Table 7 for plastic support.

From Figure 15, it is clear that effective vibration values in individual coordinate axes, i.e., *rms
[mm-s'], measured at point B, see Figure 4(c), grow with increasing speed v: [m-s"] of the conveyor
roller rotation, the axle of which is mounted in a steel or plastic support.
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Figure 15. Effective vibration values *rms [mm-s!] measured at point C when placing the roller axle in

A more drastic drop (related to point A, i.e. to the place of the support attachment to the cross
bar of the firm conveyor idler, see the values listed in Figure 14) of effective values for vibration speed
in individual coordinate axes *rvsw [mm-s?], were recorded for vibrations with plastic support (see
Table 2 for steel support and Table 6 for plastic support), when the acceleration sensor was placed in
point B (Figure 4(c)).

The highest absolute values of the difference in effective vibrations values for the x-axis in point
B were reached at the set frequency of k = 35 Hz (using a frequency converter controlling the speed
of the electric motor) Axrms = 0.447 mm-s. The lowest absolute values of the difference in effective
vibrations values for the x-axis in point B were reached at the set frequency of k =50 Hz Axzms = 0.060
mm-s=.

The maximum absolute values of the difference in effective vibrations values for the y-axis in
point B (were achieved at the set frequency k =35 Hz (on a frequency converter controlling the speed
of the electric motor) Axrms = 0.351 mm-s. The lowest absolute values of the difference in effective
vibrations values for the y-axis in point B Axrms = 0.006 mm-s* were achieved at the set frequency of
k=40 Hz.

The highest absolute values of the difference in effective vibrations values for the z-axis in point
B were achieved at the set frequency of k =35 Hz (on a frequency converter controlling the speed of
the electric motor) Axrms = 0.228 mm-s?. The lowest absolute values of the difference in effective
vibrations values for the z-axis in point B were achieved at the set frequency of k =15 Hz Axrms = 0.003
mm-st.

Lower effective values of vibrations speed *rvmsi [mm-s?] were recorded for plastic support,
when the vibration sensor was placed in point D (Figure 4(c)), i.e., at the point of support attachment
to the cross bar of the firm conveyor idler, listed in Table 4 for steel support and in Table 8 for plastic
one.

In Figure 16, the effective values of vibration speeds *rmsi) [mm-s™] in individual coordinate axes
are compared, measured for steel support (Figure 4(b)), recorded at point A (Figure 4(c), see Table 1)
and at the point B (Figure 4(c), Table 2), of the laboratory machine (Figure 3(b)).
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Figure 16. Effective vibration values *rvs [mm-'s"'] measured with the roller axle placed in steel support

for measuring points A and B. Measuring point A: XRMS, VRMS, s ZRMS,

measuring point B: == == == XpMs, == == == yRMs, == == == ZRys.

Time course curves of vibration speed values for measurement point A and B listed in Figure 16,
are similar in individual coordinate axes *rvsx) [mm-s1]. The maximum deviation in measured values
for vibrations speeds taken at measuring points A (see Table 1) and B (see Table 2) was calculated for
Axrms@s) = 1.689 mm-s, Ayrmses) =0.191 mm-s! a Azrmsas) = 0.803 mm-s™ (nejnizsi Axrmseo = 0.035 mm-s-
1, Ayrmses) = 0.052 mm-s? a Azrms(o) = 0.048 mm-s™).

In Figure 17, the effective values of vibration speeds *rusi) [mm-s7] in individual coordinate axes
are compared, measured for steel support (Figure 4(a)), recorded at point A (Figure 4(c), see Table 5)
and at the point B (Figure 4(c), Table 6), of the laboratory machine (Figure 3(b)).
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Figure 16. Effective vibration values *rvs [mm-s?'] measured with the roller axle placed in plastic
support for measuring points A and B. Measuring point A: XRMS, VRMS,  —

ZrRMS, measuring point B: =m mm m= Xgrvs, == == == yRys, == ms == zpvs,

Time course curves of vibration speed values for measurement point A and B listed in Figure 17,
are similar in individual coordinate axes *rvsx) [mm-s1]. The maximum deviation in measured values
for vibrations speeds taken at measuring points A (see Table 5) and B (see Table 6) was calculated for
Axrmso) = 1.978 mm-s?, Ayruseo) = 0.381 mm-s? a Azrusio) = 0.803 mm-s (the lowest Axrmsao) = 0.019
mm-s, Ayrmses) = 0.006 mm-s* a Azrwso) = 0.069 mm-s™).

The field of technical diagnostics called vibrodiagnostics helps in the care of all machines and
their mechanical parts. High-quality vibrodiagnostics is an essential part of maintenance systems and
at the same time a guarantee of trouble-free and safe operation of all possible machines and
machinery. Vibration diagnostics are described in detail by the standards CSN ISO 13373-1 [47] and
CSN ISO 13373-2 [48].
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5. Conclusions

The purpose of the article was to provide basic information with a description of the key parts
of the designed laboratory machine, which allows to detection of vibrations of a rotating conveyor
roller.

Using the laboratory device, measurements of effective vibrations speed values were taken at
different rotation speeds of the conveyor roller with a diameter of 133 mm and a length of casing of
465 mm. Vibrations in three mutually perpendicular planes were detected using two acceleration
sensors. The measured values of the vibration velocity were recorded by the measuring apparatus
DEWESoft. By the V-belt, the roller casing rotated at a speed that was set to the required size using a
frequency converter, which controlled the speed of the driving electric motor.

Experimental vibration measurements provided on a laboratory machine were carried out for
two variants of placement (steel and plastic) of flattened ends of the conveyor roller axis into the
support of a firm conveyor idler. In the first variant, the flattened end part of the conveyor roller axle
is inserted into the cut-outs of the steel support of the firm conveyor idler. The second variant uses,
unlike the first variant, plastic holders, which are inserted between the axle of the conveyor roller and
a specially designed conveyor idler support.

Based on the experimental measurements, it was proved to reduce vibrations transmitted from
the rotating casing of the conveyor roller to the firm conveyor idler, when the axle of the roller was
placed in plastic holders.

Since vibrations adversely affect the operation of machines, including smoothly working
transport equipment using conveyor rollers, we consider the knowledge of the value of deflection,
speed or acceleration of vibration obtained by measurement to be necessary to be able to monitor the
condition of machines and their subsequent diagnostics. The vibration signal carries information
about the cause of the vibration and by analysing it using various methods, it is possible to detect an
emerging or developing defect.

It is intended to carry out more extensive experimental measurement analyses on this laboratory
machine, the purpose of which is to obtain vibration values of conveyor rollers with steel or plastic
casing, or rubberized casing, for the diameters of 133, 108 and 89 mm.
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