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Noise and Vibration Analysis of Conveyor Belt
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The article deals with the measurement of conveyor belt noise and vibration. The conveyor belt was supported on
six rollers fixed on three plates of stand, return and drive drum. These six rollers were produced in two sets (con-
vectional tube and accurate tube). Rollers were driven by a rubber belt. The noise was measured and evaluated
on both sides of the conveyor. Vibration of the conveyor was measured at four locations of the conveyor con-
struction. All measurements were performed in an unloaded condition. In conclusion of the article is a summary
and evaluation of all measurements. The vibration of the conveyor is comparable in both cases, however, the rollers
from accuracy tube excite the construction less, and this results in a lower total noise. By comparing the accelera-
tion to the dominant frequency, it is obvious that the noise and the vibration of the belt conveyor construction were

reduced by using rollers from accuracy tube
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1 Introductions

Tube and belt conveyors are most commonly used for
transporting loose and small solid materials. Like any ma-
chinery, even belt and tube conveyors are the source of
noise. An important source of noise is the roller, which
leads the conveyor belt. Another noise is emitted by the
roller itself, the other roller, after which the belt is guided.
The belt can be made of rubber, metal, textiles, etc. There-
fore, it is necessary to reduce noise and hence the vibra-
tion of all parts of the conveyor.

2 Methodology

Fig. 1 Power station

Measurement of noise and vibration was carried out
on the measuring stand. The measuring stand was made
up of a part of the real steel construction of the tube con-
veyor. This stand construction consists of three main sup-
ports on which the roller holders with @ 89 mm and length
214 mm are attached. The roller has an axis of 20 mm in
diameter. This stand was equipped by a power station
(Fig. 1) and a return station (Fig. 2) and six rollers, which
were driven by a rubber belt. Rubber belt is a classic com-
posite structure of technical rubber and textile inserts. The
measuring stand including the belt is shown in Fig. 3. The

drive of the cylinder, at the power station, consist of an
electric motor and a wedge belt transmission.

Due to the fact that a full tube conveyor was not used
in the laboratory conditions, it was replaced by a flat belt.
The conveyor belt is made of a conventional conveyor
belt which has been cut to a width of 150 mm, the thick-
ness of the belt was adjusted by pulling off an excess
number of textile inserts (2 inserts remaining). The belt
has been bonded by cold gluing after installation on the
bench. The rollers were always placed one at a time in the
upper and lower parts of the stand. At the front upper
roller a two guide rollers were placed. These rollers
should possibly have prevented the belt from rolling off
the rollers (the side where the liner layers were pulled off
is not quite straight). During the measurement of the ro-
tation of the guide rollers, the roller bearing in the holders
did not allow a very good adjustment of the belt path.

Tl P, (B8

Fig. 2 Return station

The measured value was the effective acoustic pres-
sure in Pa, which was converted to the equivalent sound
pressure level (in dB)
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Lp =101og(piJ =2010g£pef} )
Po

where
pes - effective pressure [Pa],
Po - acoustic pressure [Pa].

The measurement time was 7 = 30 s. The measure-
ment of each set of rollers was done 7 times, these meas-
urements were statistically evaluated. All noise measure-
ments were performed with a weight filter A. Deviations
due to manufacturing tolerances were expected to be
measured.

Before the actual measurement, the theoretical noise
level of all rollers was also analytically determined. For
the calculation, the average noise level of the roller was
calculated, which was converted to the noise that would

L L
L=10log| 1010 +1010 + .

where
L - resulting noise level [Pa],
L; - noise level of individual sources [Pa].

For n same sources, the relationship is simplified to
shape

produce 6 rollers. The other noise values of individual
rollers were measured in the previous step. The noise
level of the power and return station was neglected. Noise
is determined from the relationship

Fig. 3 Measuring stand with belt

fori=1,2,3...n, ()

L=L, +10logn, 3)

where:
L, - source noise level [Pa],
n - number of resources [-].

1.25m

-

Legend: 1.2_3_4 - acceleration sensors. 5 - rotation sensors, 6. 7 - microphones

Fig. 4 Measurement layout
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The vibrations were measured using a three-axis pie-
zoelectric accelerometer (type 4524-B, Briiel & Kjer,
Denmark). The vibration sensing time is the same as the
noise sensing time, i.e. T = 30 s. Accelerometers were
placed on the support near the roller holder. The fourth
accelerometer was placed on the lower longitudinal beam
at the point of attachment of the middle support. No vi-
brations were measured on the auxiliary structure, i.e. on
the power station and on the return station.

The acceleration and noise sensors were connected to
the PULSE 3060-B-120 analyser (Briiel & Kjar, Den-
mark). The location of the sensors for measurement is
shown in Fig. 4.

Tab. 1 Roller Parameters @ 89 x 214 mm

The background noise when measuring the black cir-
cle rollers was Lp = 31.60 dB (A), for rollers with yellow
ring Lp = 30.00 dB (A) at 536.75 rpm, the engine speed
796.18 rpm. The belt speed was 2.5 m.s™'. The roller
marking, see tab. 1.

3 Evaluation of Measurement and Discussion

This chapter summarizes the results of measuring two
sets of rollers @ 89 x 214 mm. Each set of rollers con-
tained 8 rollers. One set of rollers was made of standard
tube; the second set was made of precision tubes. The
basic parameters of the measuring rollers used are in Tab.
1.

Serial number Number Interna! designa- Average weight [g] o
[-] tion
Black ring on shaft
1 8 C1-C8 2448.0
Standard tube
2 8 7Z1-78 542 9 Yell(.)\fv ring on the shaft
Precision pipe

The peripheral speed of the rollers was 2.5 m.s,
which corresponds to the belt speed in operation. Meas-
urement of noise was performed by two microphones
(type 4189-A-021, Briiel & Kjar, Denmark), located at a
height of 1 m above the base in the middle of the stand.
The microphone 1 was located 1 m from the stand; the
microphone 2 at a distance of 1.25 m, see Fig. 4. Meas-

urement of noise was performed at constant roller revolu-
tions (constant speed of unloaded belt). The microphones
were calibrated before and after each measurement. In ad-
dition to these noise measurements, the accuracy of the
results was verified by the Briiel&Kjar integrated L2250
sound meter.

Equivalent noise levels of the belt with rollers are

shown in Tab. 2 and Tab. 3.

Tab. 2 Equivalent noise level with rollers from standard pipe (C - black ring)

Microphone 1 Microphone 2 80112112d meter
Measuring SO0L
POim LC Lsour LC Lsour
[dB(A)]
[dB(A)] [dB(A)] [dB(A)] [dB(A)]
Cl 63.71£0.15 63.70 63.33+0.13 63.30
Cc2 63.91 +£0.02 63.90 63.45+0.03 63.40 63.70
C3 63.97 +£0.04 64.00 63.55+0.05 63.50 '
C4 64.03 £ 0.04 64.00 63.57+0.04 63.60

Legend: sound level meter 2250-L measured in the axis of the shaft, i.e. the microphone 1 position, Lc - total noise level

(measured) L. - noise source (roller) minus the background noise Lg

Tab. 3 Equivalent noise level of the belt with precision tube rollers (Z - yellow ring)

Microphone 1 Microphone 2 80112112d meter
Measuring SOL
pOint LC Ls(mr LC Lsour
[dB(A)]
[dB(A)] [dB(A)] [dB(A)] [dB(A)]
Z1 63.75 +0.06 63.70 62.87+0.07 62.90
72 63.79+0.12 63.70 63.39£0.08 63.40 63.10
z3 63.42 +£0.06 63.40 62.46 = 0.04 62.50 .
74 63.70£0.13 63.70 62.86£0.17 62.90

Legend: sound level meter 2250-L measured in the axis of the shaft, i.e. the microphone 1 position, Lc - total noise level

(measured) Ly - noise source (roller) minus the background noise Lg
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Tab. 4 Theoretical noise of a six-roller conveyor

Roller mark- Number of Sogf);lr:g:: IM " | Noise of 6 rollers So‘irrf);?g:eezM | Noise of 6 rollers
in rollers [- dB(A dB(A
C 6 49.70 51.70 52.10 59.00
V4 6 46.90 54.70 49.90 57.70

Legend: C - roller from a conventional tube with a black ring, Z - precision tube roller with yellow ring

The results of the analytical solution of the theoretical
noise of the 6-roller conveyor are shown in Tab. 4.

From the comparison of the measured values of noise
(tab. 2, 3 with the values given in columns 4 and 6 of Tab.
4), it results that the influence of the propulsion station
was relatively large in the measurement. In practice, this
effect will be significantly lower, the propulsion and re-
turn stations will be far away from the conveyor sections.
In reality, there will be 12 rollers on one the support, not
2 rollers as in this measurement. This will increase the
noise. Both roller sets contain eight rollers. Six rollers
were used from both sets (C1 — C6 and Z1 — Z6) have
been used, they have similar noise, differing by a maxi-
mum of 1 dB (A).

The evaluation of acceleration and frequency of oscil-
lations in individual measured locations is shown in Tab.
5. The first three own frequencies and the maximum am-
plitude of acceleration in each direction are given. All fre-
quencies lie in the zone where the sensitivity of the human
ear is high.

From tab. 5, it is obvious that individual supports have
lower vibrations when using Z1 - Z6 rollers (made of pre-
cision tube). Rollers from a standard pipe, i.e. C1 - C6,
have higher vibrations. These vibrations excite the steel
construction of the conveyor and increase the overall
noise of the device.

Fig. 5 and Fig. 6 show the acceleration and frequency
magnitudes in positions 1 and 4 for both types of rollers
(from standard and precision tubes) in individual axes.

Tab. 5 Vibration of construction (own frequency and size of construction acceleration)

o £ 2| Frequency and Frequency and Frequency and
ks = § g 5| acceleration x acceleration y acceleration z
E § % § g % direction direction direction
— A & f.[Hz] ac[m.s?] f, [Hz] a,[m.s?] f.[Hz] a.[m.s?]
h 272 0.0084 36 0.0037 52 0.6727
1 f 72 0.0064 56 0.0022 108 0.3151
E 88 0.0050 92 0.0021 72 0.2312
fi 56 0.0041 444 0.0019 72 0.3447
2 f 141 0.0018 216 0.0014 60 0.1599
C E 96 0.0016 276 0.0012 116 0.0931
fi 72 0.0103 36 0.0050 72 0.8330
3 S 56 0.0057 276 0.0036 60 0.2252
/3 276 0.0009 96 0.0021 108 0.0919
/i 52 0.0046 72 0.0250 272 0.0126
4 J2 44 0.0015 328 0.0115 72 0.0079
/3 72 0.0009 208 0.0109 52 0.0012
/i 272 0.0258 272 0.0115 48 0.1290
1 J2 72 0.0016 36 0.0027 76 0.0951
E 60 0.0008 56 0.0009 132 0.0718
fi 56 0.0038 444 0.0022 72 0.3402
2 J2 96 0.0019 336 0.0015 64 0.1617
7 N 524 0.0013 216 0.0015 116 0.1160
Si 272 0.0035 272 0.0068 60 0.1567
3 J2 52 0.0014 36 0.0027 72 0.0765
S3 72 0.0011 224 0.0010 184 0.0273
fi 52 0.0011 208 0.0094 272 0.0400
4 f 44 0.0009 328 0.0071 28 0.0012
/3 292 0.0006 520 0.0066 216 0.0012
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Fig. 5 Frequency and magnitude of acceleration at point 1 in the x (a), y (b) and z (c) axes
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4 Conclusion

The article deals with the measurement of noise and
in particular the vibration of a belt conveyor driven by six
rollers. These six rollers are manufactured in two ver-
sions. From the standard pipe (C1 - C6) and the precision
tube (Z1 - Z6), the parameters of all rollers are equal & 89
x 214 mm. The noise of the conveyor is similar to that of
the two sets of rollers, with a difference of up to 3 dB(A),
which is at the accuracy of both the measurement and the
accuracy in the accuracy class 2. The vibration of the con-
veyor is comparable in both cases, however, the precision
tube rollers blur the construction of stand less, and this
results in a lower resultant noise. By comparing the ac-
celeration to the dominant frequencys, it is obvious that the
noise and vibration of the belt conveyor construction
were reduced by using precision tube rollers.
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