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Abstract

Introduction: The agricultural tractor is one of the most commonly used vehicles on farms and one of the most prominent
sources of noise. This article presents an exemplary assessment of the audible and infrasonic noise levels in the cabins of
selected modern wheeled agricultural tractors. Materials and Methods: Operator-perceived audible and infrasonic noise
levels in the cabins were examined for 20 types of modern tractors during typical conditions of work. The tractors had been
in use for no longer than 3 years, with rated power between 96 kW and 227 kW, designed and produced by world-renowned
companies. Noise level measurements were performed in accordance with PN-EN ISO 9612:2011 (ISO 9612:2009). Results:
Audible noise levels (A-weighted) ranged from 62.1 to 87.4 dB-A (average: 68.2 to 83.8 dB-A) for different work tasks. The
factors influencing noise levels include performed tasks, soil, weather conditions and the skills of individual drivers. In spec-
trum analysis, the highest noise levels occurred at frequencies 250 Hz, 1 and 2 kHz. Infrasound noise levels (G-weighted)
ranged from 87.3 to 111.3 dB-G. The driver-experienced exposure to infrasound was found to increase significantly when
the vehicle was in motion. Conclusions: Average audible noise levels have no potential to adversely affect the hearing organ
during tasks performed inside the closed cabins of the analysed modern agricultural tractors. Due to the relatively low au-
dible noise levels inside the cabins of modern agricultural tractors, non-auditory effects are the only adverse symptoms that
can develop. Modern agricultural tractors emit considerable infrasonic noise levels. All tractors introduced into the market
should be subjected to tests with regard to infrasonic noise levels.
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INTRODUCTION

Noise is a significant hazard in the working environment of
the agricultural sector. Individual farm owners and work-
ers employed on large farms are typically exposed to noise
from many sources (tractors, farming machines joined to
tractors, self-propelled farming machinery and stationary
farming machines). The agricultural tractor is one of the
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most commonly used vehicles on farms. In recent years, the
driver-perceived audible noise levels have been reduced
due to considerable technical progress. However, accord-
ing to the relevant data published so far, this phenomenon
only rarely has been addressed. According to a number of
studies of old-generation agricultural tractors, the noise
generated by these vehicles significantly exceeded daily or
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weekly limits of noise exposure and caused noise-induced
hearing loss. Solecki, for example, reported that the aver-
age daily (8 h) exposure level to audible noise (L, ) in
the driver’s seat of medium size tractors exceeded Polish
Occupational Exposure Limits [1]. The financial stand-
ing of farmers in the countries that have recently become
Member States of European Union has improved signifi-
cantly, and a large share of old-generation machines have
been replaced with modern equipment, which has resulted
in considerable progress in decreasing exposure to audible
noise among the drivers of agricultural tractors. The levels
of audible noise generated by the tractor engine and its
components have been reduced (“active methods”), while
ergonomic cabin structures have further decreased the
driver’s exposure (“passive methods”) [2,3]. Paradoxically,
the noise levels in the driver’s cabin are typically lower
than those outside (according to the measurement meth-
od set out in the European Union Directive) [4].

The fact that the noise levels generated by engines vary
considerably between individual vehicles depending on
various factors, including engine components and the type
of work being done, is also noteworthy. In addition, high
fluctuations in the noise level can be identified depending
on the specific type of work in progress, driver’s skills, soil
and weather conditions, different engine loads as well as
vehicle speed. It is worth remembering that driving a trac-
tor is associated with accompanying whole-body vibration
(in old-generation tractors) which in synergistic influence
with noise, can lead to damage to the vestibulocochlear
organ [5-9].

Moreover, agricultural tractors are an important source
of infrasound noise. Infrasound consists of acoustic oscil-
lations, the frequency of which is below the low frequency
limit of audible sound (about 16-20 Hz) [10]. According to
the Polish Standard PN-Z-01338:2010, infrasound is de-
fined as a frequency spectrum between 1 and 20 Hz [11].
Exposure to this hazard generated by wheeled agricultural
tractors and different wheeled vehicles has already been

examined [12]. However, there are no broad-scale analy-
ses covering technological progress in engine design which
could contribute to the reduction of exposure to infrasound.
This paper presents the assessment of audible and infra-
sonic noise pressure levels in the cabins of selected mo-
dern agricultural tractors the possible consequences of
such exposure.

MATERIALS AND METHODS

Noise levels were examined for 20 types of modern cab-type
tractors during normal conditions of work. The examined
tractors have been in use for no longer than 3 years, with rated
power between 96 kW and 227 kW (as per 97/68 EC), designed
and produced by world-renowned companies (John Deere -8
tractors, Case-8, New Holland and Fend - 2 tractors). Noise
level measurements were performed in accordance with PN-
EN ISO 9612:2011 and ISO 9612:2009 [13,14]. These stan-
dards determine the procedure of the analysis of occupational
exposure to noise in five steps: analysis of working conditions,
selection of measurement strategy, measurements, analysis of
errors and uncertainty of measurements as well as calculation
and presentation of the results, including the uncertainty of
measurement. This analysis omitted exposure to noise ac-
cording to the length of working day or week (L, g orL )
as it depended on both exposure to noise and its duration.
The author decided to assess the noise levels in cabins gen-
erated by selected modern tractors, instead of analysing
farm-specific exposure to noise. Exposure to noise level is
defined as driver-experienced noise levels and the duration
of exposure. The results include the most important param-
eters: audible and infrasonic noise time averaged levels in the
cabins of selected tractors (L, 1, L, 1.
certainty was assessed according to the Annex C of the PN-
EN IS0 9612:2011 (ISO 9612:2009) standards, assuming that

exposure to noise during a particular task was identical during

). Measurement un-

the 8-hour working day to the exposure during the time of

measurement Te, which is L Acqsh = L Acq T
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Measurements were performed in in accordance
with EN ISO/IEC 17025:2005 and in cooperation with
a laboratory for noise measurements accredited by the
Polish Centre for Accreditation: a signatory to the In-
ternational Laboratory Accreditation Cooperation -
(ILAC MRA) and the European Co-operation for Ac-
creditation (EA MLA) [15]. Measurements were taken
with the use of a DSA-50 digital sound analyser (class 1
instrument), by SONOPAN and a KA-50 acoustic cali-
brator (class 1 instrument) by SONOPAN. All measuring
instruments had calibration certificates. The parameters
set in DSA-50 sound level meter were as follows: basic er-
ror for sinusoidal signal (1 kHz): up to 0.7 dB; influence
of temperature: up to =0.5 dB; influence of humidity: up
to +0.1 dB; influence of atmospheric pressure: —0.01 dB/
kPa (for 1 kHz); influence of electromagnetic/electrostatic
fields: consistent with EN 61672-1 [16]. All measurements
of noise were taken in the cabins with closed windows —
the study included only tractors with air conditioning and
a cabin structure. Open windows significantly affect the
levels of audible and infrasonic noise [12,17]. Apart from
exposure to noise using A, C and G filters, measurements
of the octave band spectrum emitted by tractors were car-
ried out [18].

RESULTS

The presented analysis includes task-specific driver-expe-

rienced audible and infrasonic noise levels. The tasks (per-

formed in closed cabins) were as follows (Figure 1 and 2):

- preparation of tractors and accompanying equipment
for operation - tractor setting and start-up,

— application of the Power Take-Off (PTO) shaft when
the tractor is at a standstill — mixing feed using a feed
mixer/distributor,

— access and transport to the fields using hard-surfaced
roads,

- ploughing.

[JOMEH 2013;26/(3)
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1 - preparation of tractors and accompanying equipment for opera-
tion — tractor setting and start-up.

2 - ploughing.

3 - access and transport to the fields using hard-surfaced roads.

4 - application of Power Take-Off (PTO) shaft when the tractor is at
a standstill - mixing feed using a feed mixer/distributor.

The measurements were performed according to PN-EN 9612:2011
and EN ISO 9612:2009 standards (3 series of measurements, mea-
surement time Te min. 5 min.). Maximum uncertainty of measure-
ment series of noise exposure for each analysed tractor does not
exceed 2,8 dB (assuming the same level in 8-hour-duration of each of
the above — mentioned tasks) [13].

Fig. 1. Task-specific audible noise time averaged levels (L A1)
in the cabins of 20 selected modern tractors

80

Rated power:
70 m 121 kw
601 @ 96 kW

LAEQ‘TE (dB-A)

50+
404
30+
20+
10+

04

315 63 125 250 500 1000 2000 4000 8000
Middle octave frequency bands (Hz)

Fig. 2. Two examples of audible noise octave-band frequency
spectra (fast dynamic characteristics of sound meter) inside
the cabins of two modern models of agricultural tractors at

a standstill and at 1500 rpm

In terms of the analysis of occupational exposure to noise
in tractor cabins, the noise levels (in the case of an 8-h daily
exposure) were below the maximum exposure limits for au-
dible noise for hearing protection (Polish exposure limits
-L,y=8dB-AL,  =115dB-A L, =135dB-C)
[19]. Figure 1 presents the average levels of audible noise

eak



NOISE LEVELS IN CABINS OF AGRICULTURAL TRACTORS ORIGINAL PAPERS

120

[aa)

<110

100

—H
—H

90

80

70

1 2 3 4
Measurement series during various tasks

Abbreviations as in Figure 1.

Fig. 3. Task-specific infrasonic noise time averaged levels (L

. . Geq)
in the cabins of 20 selected modern tractors

inside the cabins during performance of various tasks
(L) and the values of measurement uncertainty. Fig-
ure 1 presents considerable differences in the noise levels
depending on the way the tractor moves and the engine
load. The factors which influence noise levels include soil
and weather conditions as well as the individual driver’s
skills. In spectrum analysis the highest noise levels oc-
curred at frequencies of 250 Hz, 1 and 2 kHz (Figure 2).

Figure 3 presents average levels of infrasonic noise inside
the cabins during performance of various tasks (L, ).
Infrasound noise levels (G-weighted) ranged from 87.3
to 111.3 dB-G (Figure 3). The driver-experienced expo-
sure to infrasound increased significantly along with the

motion of the vehicle.

DISCUSSION

Audible noise levels occurring inside the cabin were lower
than, for example, Polish Occupational Exposure Limits
(L = 85dB-A L, =115dB-C L., = 135 dB-C),
and were below the level of 80 dB-A (the lower limit value

eak

for the risk of hearing loss, especially in individuals sensi-
tive to this hazard) [19,20]. The noise generated by engines
can be potentially hazardous to hearing only if the cabin
is damaged or open. This is especially true for individuals
who are sensitive to noise [20]. The so-called non-auditory

effects of exposure to noise are the only adverse health ef-
fect of the measured values of exposure to audible noise
which can occur. In this case, the noise can be considered as
a non-specific stressor; this type of physiological reaction is
triggered by a neurophysiological mechanism which relies
on the activation of the brain’s reticular activating system
via the auditory system. Noise can, therefore, influence mo-
tor, perceptual and cognitive behaviour, and also trigger
glandular, cardiovascular and gastrointestinal changes by
means of the autonomic nervous system. Despite decades of
research and numerous studies, relatively little can be said
with much confidence [21-23]. It is important to note that
noise has been found to transiently elevate diastolic and sys-
tolic pressure in volunteers exposed to 75 dB-A noise [24].
Other potentially occurring non-auditory effects in tractor
operators may include the influence of noise on fatigue and
work quality (especially due to coexisting whole-body vibra-
tion) [7,8,25,26], the operator’s alienation from surrounding
noises and conversation problems [27-31]. In the examined
tractors, the highest noise levels (although of various va-
lues) were identified for the 1000-2000 Hz frequency range
of the speaking voice (Figure 2). Additionally, the assessed
noise levels can negatively influence the tasks performed by
tractors operators [32].

Infrasonic noise levels

In the presented study, G-weighted sound levels were
significant [11,19]. The effect of low frequency noise on
drivers or tractor operators still requires further investiga-
tion. For example, according to the European Economic
Commission Regulations, testing of external audible ve-
hicle noise is only applied in Europe [33,34]. Exposure to
infrasound of about 90 dB-G can cause excessive fatigue,
drowsiness, sluggishness, headaches, extension of reac-
tion time, irritation, decrease of psychomotor efficiency,
disrupted attention and perception, diminished sharpness
and field of vision, resonance of human organs and addi-
tionally noise-induced hearing loss [12,35-41].
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CONCLUSIONS

1. Audible noise levels have no potential to adversely af-
fect the hearing organ during the tasks performed in-
side closed cabins of the modern agricultural tractors
analysed in this study.

2. Due to the relatively low audible noise levels inside
modern agricultural tractor cabins, non-auditory ef-
fects are the only adverse symptoms that can develop.

3. Modern agricultural tractors emit considerable infra-
sonic noise levels.

4. All tractors introduced into the market should be sub-
jected to tests with regard to infrasonic noise levels.
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