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Abstract

The mechanization of the agricultural sector exposes operators to vibrations generated by tractors,
terrain inclination, and attached implements. An operator exposed to vibrations for long periods can
develop health problems such as visual disturbances, fatigue, spinal injuries, and low back pain. In
this way, the present research includes assessing severity of mechanical vibrations of an agricultural
tractor with four-wheel drive in relation to a mechanized assembly composed by the same tractor
operating coupled to the seeder fertilizer in the sowing operation. Vibrations were monitored at four
data collection points: the front and rear axles of the tractor, the cabin floor, and the operator’s seat.
The root mean square (RMS) acceleration values were compared with the limits defined in ISO 2631-
1, and the operator’s seat was classified as “uncomfortable” and “very uncomfortable”. The vibration
transmissibility between the rear axle and the cabin floor (T2) was greater than 1, indicating an
increase of vibrations.

Keywords: mechanical vibrations; health and comfort; seeder fertilizer

1. Introduction

The pursuit for increased productive efficiency in the agricultural sector causes the demand for
new technologies to occur. Thus, the use of agricultural machinery becomes indispensable for the
current production model [1], which aims to amplify the production of agricultural products. The
use of agricultural mechanization services favors the improvement of productive efficiency in rural
areas [2], and instead of replacing labor, it works complementing it and increasing the productivity
of the sector [3]. It is estimated that the Brazilian agro-industrial sector was responsible for about 49%
of all national exports in 2024, totaling US$164.4 billion [4]. In this context, the mechanization of the
agricultural sector becomes essential for production intensification and consequent increase of
competitiveness in the global scenario.

In order to intensify the advances of the rural sector, it is necessary to use equipment that allows
achieving the objective. In this way, agricultural mechanization has as its pillar the use of tractors,
which can be used as sources of energy and traction associated with other equipment such as seeders
[5,6]. However, agricultural tractor operators are subject to vibrations generated by the engine, soil,
high temperatures [7], inclination and use of implements. The vibrations caused by ground
irregularities are transmitted to the tractor cab, due to the fact that many of these machines do not
have suspension systems between axles and frames, making the damping limited to tires [8]. During
the operation of the tractor engine, vibrations generated propagate through the machine structure
and are transmitted to the operator [9] via contact surfaces such as seat and cab floor.

Exposure for long periods to vibrations generated by agricultural machinery can cause damage
to the health of operators. The interaction of mechanical vibrations in the driver’s body can lead to
injuries, fatigue, visual problems, lack of concentration and irritability [10]. [11] concluded, after their
studies, that agricultural mechanization (use of self-powered machines) generates lower muscle loads
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related to other activities, but expose the tractor operator to full-body vibrations. Some studies also
indicate that whole body vibrations (WBV) are related to degenerative musculoskeletal disorders
(MSDs), mainly causing spinal injuries, intervertebral disc degeneration and low back pain [12-14].
Thus, promoting working conditions that are comfortable and safe helps with the productive
effectiveness of operators [15].

Mechanical vibrations in rural machinery cannot be extinguished, but they can be reduced
through some techniques in order to reduce the damage to the health of operators and preserve the
mechanical components of the equipment. In this way, the cabin of agricultural machinery must
attenuate the frequency and amplitude of vibrations generated to avoid spinal injuries [10]. [16]
conducted studies on the use of a self-levelling system in the cab of a tractor to reduce the vibrations
generated and observed that the system allowed the attenuation of vibrations in the direction of
movement, in contrast, due to soil irregularities, use of a plough and slope, caused vibrational
increase in the transverse and vertical direction. Another way to mitigate the vibrations generated is
the relationship between operating speed and traction force used in activities [17], since the increase
in working speed also causes an increase in vertical vibration in the tractor cab [18]. An additional
factor that can contribute to the generation of vibrations in the operator’s space is the use of
implements. [19] concluded that the use of a blade plough system has greater amplitude of vibration
in the transverse direction when compared to the horizontal and vertical directions, therefore, the
application of these elements must also be studied to minimize generated vibrations. Therefore,
concerns about the working conditions that operators are subjected to in terms of safety and comfort
are justified [20].

Due to the seriousness of the subject, this study was developed to evaluate the severity of
mechanical vibrations of an agricultural tractor with four-wheel drive (4x4) in relation to a
mechanized assembly composed by the same tractor associated with a fertilizer seeder in the sowing
operation. In addition, a comparative analysis was performed between the mechanized assembly and
the tractor alone. Four data collection points were considered, the front and rear axles of the tractor,
floor of the operating cab and operator’s seat, to obtain the transmissibility of vibration between the
axles and the floor, and floor and seat to verify that the severity of vibration to which the operator is
exposed is consistent with the values acceptable by current standards for human-machine interaction.

2. Materials and Methods

The experiment was conducted in the city of Sao Vicente de Minas/MG, Brazil, which is located
at latitude 21°42'S, longitude 44°26'W, has an average altitude of 972 m, and a CWb climate according
to the Koppen classification. The soil of the experimental area is clayey tending to sandy-clay.

The vibration data of the tractor operation and, subsequently, of the operation of a mechanized
set composed of the tractor coupled to the seeder fertilizer were collected. The mechanized set used
in this experiment is presented in Figure 1, which was composed by a John Deere 6180] 4x4 tractor
and Massey Ferguson MF 629 seeder fertilizer.

S ———
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Figure 1. Mechanized set used in experiment in order to determine vibration severity along the machine.

The mechanical vibration collecting points were the operator's seat, the floor of the operating
cabin, and the front and rear axles of a John Deere 6180] 4x4 tractor. Uniaxial accelerometers were
used; therefore, three accelerometers were used at each monitoring point to collect the vibration
severity data of the X-, Y-, and Z-axes, which are called longitudinal, transverse, and vertical,
respectively. In Figure 2 is illustrated the collections points considered in this work.

Collection point 4
Collection point 3 (Tractor’s rear axle)
(Tractor’s front axle)

Collection point 1
(Seat)

Collection point 2
(Floor)
(@) (b)

Figure 2. Collection points of the acceleration on xyz axes (longitudinal, transverse, and vertical) in cabin (a) and
outside the cabin (b).

The positioning of the accelerometers followed the ISO 2631 standard [21] (Figure 3), which
guides the methodologies for the measurement of mechanical vibrations. The reference is given by
the operator's working position.

~x
Figure 3. Coordinate system [21].

A National Instruments (NI) data acquisition system, with 3 modules with 4 inputs each, a
microcomputer with LabView software, the necessary cabling to interconnect them, and MATLAB
software for signal processing were used. NI 9234 modules, with a 50 ppm sampling rate accuracy,
resolution of 12.5 ns, and frequency measurement range from 0 to 20 MHz, were used. The
transducers were high-sensitivity PCB industrial accelerometers. Since the mass of these
accelerometers are insignificant compared to the mass of the tractor, they were considered to not
interfere with the dynamics of the system. A direct current transformer for alternating current fed by
a battery powered the instrumentation used.
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In terms of the frequency domain, the Nyquist sampling theorem was used for faithful
reconstruction of a signal, establishing that the sampling frequency should be at least twice as high
as the highest frequency of the signal, which in mathematical terms is fs > 2fc, where fs is the sampling
frequency and fc the highest frequency of the signal [22]. Therefore, considering that the frequencies
of interest in this study are as high as 80 Hz, the sampling rate should be at least 160 Hz. In the
experiment, the sampling rate used was 5 times the highest frequency to be analyzed; therefore, it
was 400 Hz.

2.1. Signal Analysis

The frequency spectra of the dynamic behavior and the average root mean square (RMS) of the
accelerations were determined from the data, and the transmissibility of vibration from the axles to
the operator station floor and from the operator station floor to the operator’s seat were determined
from these averages. The amplitudes at the characteristic frequencies of the system during operation
were determined from the frequency spectrum. The RMS values were exposed in the time domain.

The signal path was given by the data captured by the accelerometers through the modules and
the processing of the data by LabView software. These data were collected in the time domain,
therefore, the Fast Fourier Transform (FFT) in MATLAB software was used to perform
transformation to the frequency domain to extract the acceleration peaks. A low-pass filter with a
Hamming window was used, and amplitudes below 0.1 m s2 were not considered.

The averages RMS values of the accelerations were obtained according to [23]. The RMS value
is a measure of both the central data tendency and the dispersion of the vibration. This statistical
technique transmits the magnitude of the vibration that acts at the data collection points and is
calculated according to Equation 1. The RMS value is related to the energy of the oscillatory
movement and its potential to cause damage. It is of great importance in the evaluation of the
vibration severity because it considers the history of the wave over time.

)

arms™

Where:

. arws is the RMS acceleration in m s2;
. N is the number of occurrences of acceleration;
. a is the acceleration data in m s2.

According to [21], the acceleration signal can be summed to a total value weighted from
orthogonal coordinates. Equation 2 determines this value.

1
2.2 2.2 2.2\
av—(kx auxtky ag,tk; ay,) 2)

Where:

®  aws, Quwy, awz are the effective values of the weighted accelerations relative to the orthogonal axes
x, y, and z, respectively, in m s
® ks ky, k; are multiplicative factors.

In [21], the weighted mean that measures the effects of periodic vibration in seated people
exposed to WBV in terms of health includes the following values for the multiplicative factors kx =
1.4, ky=14and kz:=1.

The objective in mechanical systems subjected to vibration is to minimize the vibrational load
transmitted to the base [24], which in the case of agricultural machinery prevents strong vibration
from reaching the operating cabin and, consequently, the operator. In this context, the vibration
transmissibilities between the front and rear axles and the floor (T1 and T3, respectively) and between
the floor and the seat (T3) were measured according to Equations 3, 4, and 5. The purpose of
measuring transmissibility is to observe whether the accelerations that affect the operator are
attenuated by the cabin or the seat.
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Where:

° T1, T2, and Ts are the vibration transmissibilities;

®  RMSseat is the RMS acceleration found in the operator’s seat in m s%;

®  RMSfioor is the RMS acceleration found in the floor of the operating cabin in m s
. RMS front is the RMS acceleration found in the front axle in m s

®  RMSrear is the RMS acceleration found in the rear axle in m s

2.2. Variables Evaluated During Field Operations

To analyze the effect of the tractor’s forward speed and slope on the severity of vibration
transmitted to the operator, these variables were considered in the execution of the experiment, in
addition to the “machinery” variable, which distinguishes the tractor from the mechanized set.

Grain sowing was assumed to occur at a speed of 6 km h-1. Therefore, the speeds chosen for the
experiment were 5, 6, and 7 km h!, which corresponded to S1, S2, and S3, respectively. The slope of
the experimental area was also considered. Figure 4 presents the area where the experiments were
performed.

Figure 4. Experimental area.

In Figure 3, D1 indicates a flat area, and D2 indicates an area with a slope of approximately 7.5°.
Table 1 shows the experimental design, in which paths of 200 m were made. The distance was
measured using the application Strava. The postprocessing of the data was performed in the software
MATLAB, and the time factor was used to divide the distance of 200 m into four equal parts,
representing 4 replicates of 50 m each, for each treatment considered.

Table 1. Variations in the paths, where “S” represents the speed, “D” represents the slope, “T” represents the
path with the tractor without coupling, and “TS” represents the path of the tractor coupled to the seeder

fertilizer.
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S1 S2 S3
T-D1 D1xS1 D1x52 D1xS53
T-D2 D2xS1 D2xS2 D2xS3
TS-D1 D1x51 D1xS2 D1x53
TS-D2 D2x51 D2x52 D2x53

2.3. Statistical Analysis of the Data

The following response variables were evaluated: vibration severity and vibration
transmissibility at the operating station. For this purpose, an experiment was conducted according to
a completely randomized design in a 2 x 3 x 2 factorial scheme with 4 replicates. The factors evaluated
were slope (D1 and D2), speed (S1, S2, and S3), and machinery (tractor and tractor combined with
seeder fertilizer).

The data were subjected to normality tests; data that met the normality requirements were
subjected to analysis of variance at a significance level of 5% probability. The means of the qualitative
factors were studied using the Tukey test at 5% probability. The means of the quantitative factors
were studied through regression analysis, in which the models were selected based on the coefficient
of determination, significance of the coefficients, and analysis of lack of fit. All statistical analyses
were performed in the software R (R Development Core Team, 2012).

3. Results

The frequency spectrum in Figures 4 and 5 represent the deconvolution of the speed and slope,
respectively, in which all the repetitions considered for this scenario are presented. It can be observed
that acceleration peaks occurred in the frequency ranges of 10-20 Hz, 20-30 Hz, and 40-50 Hz.

The frequencies associated with the acceleration peaks increase with increasing forward speed.
Figure 5 shows that at speed S1, the incidence of the acceleration peaks for the repetitions occurs
between 13 and 15 Hz, while at speed S2, the peaks occur between 15 and 17 Hz, and at speed S3, the
peaks occur between 17 and 19 Hz.
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Figure 5. Frequency spectra of the speed in the operator's seat (z axis) and detail of highest peaks between 10
and 20Hz.

In the deconvolution of the slope (Figure 6), the acceleration peaks that occur in the range of 10-
20 Hz are concentrated between 15 and 17 Hz for slope D1 and between 16 and 19 Hz for slope D2.
In the frequency range between 40-50 Hz, the acceleration peaks are concentrated at 46 Hz for slope
D1 and at 48 Hz for slope D2.
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Figure 6. Frequency spectra for the speed in the operator's seat (z axis) and detail of highest peaks between 10
and 20 Hz.

Analysis of variance was performed to verify the effect between the interactions of the factors
studied at each data collection point and at the aforementioned transmissibilities. Table 2 shows that
there are significant differences between the results found for the vibration severity of the tractor
operating without coupling and those of the tractor coupled to the seeder fertilizer.

Table 2. Main results of the analysis of variance of the RMS acceleration determined in the rear axle, front axle,

cabin floor, and operator’s seat.

Front Axle Rear Axle Cabin Floor Operator’s Seat
. F =293.549 188.199 F=0.117 F=184.083
M (Machinery) p = 2e-16* p = 2.68¢-16* p=0.735 p = 3.80e-16*
D (Slope) F =53.507 F=9.934 F=42.255 F=123.813
p =9.26e-09* p =0.00316* p = 1.18e-07* p =1.62e-13*
S (Speed) F=15.903 F=19.417 F=71.828 F=215.028
p = 9.5%-06* p = 1.55e-06* p =1.23e-13* p = 2e-16*
D:S F=0.211 F=1.826 F=0.395 F=22417
p=0811 p =0.17492 p=0.676 p =3.71e-07
M:D F =2.368 F =54.833 F=0.820 F=0.097
' p=0.132 p="7.01e-09* p=0371 p =0.7568
M-S F=42174 F=13.886 F=0.747 F =4.395
p = 2.25e-10% p =2.97e-05* p=0.480 p =0.0192*

* Significant at the 5% probability level.

The slope (D) and speed (S) factors analyzed separately mostly show differences in the data
collection points, as well as in the transmissibility calculations. The interactions between D and S and
between M and S in the operator's seat are significant. Since there are significant differences in the
interaction between the machinery factor (M) and the speed factor (S), the former (qualitative) was
evaluated by the means test, and the latter (quantitative) was evaluated by regression analysis.

The result of the means test (Table 3) reveals that for all speed levels, there are differences
between the vibration severity for the tractor and that for the mechanized set composed of the tractor
coupled to the seeder fertilizer. Additionally, the vibration severity is higher for the operation of the
tractor without coupling.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 3. Results of the analysis of the machinery factor at each level of the travel speed factor.

Speed (km h?) Machinery Floor (m s?)
5 Tractor (T) 1.02a
Tractor-Seeder (TS) 0.87b
6 Tractor (T) 1.20 a
Tractor-Seeder (TS) 1.04b
” Tractor (T) 140 a
Tractor-Seeder (TS) 1.16b

Different letters at each speed indicate a significant difference according to the Tukey test at 5%

probability.

For the range of RMS averages found for the tractor operating without the coupling, the ISO
2631-1 standard [21] (1997) classifies values between 1.02 and 1.40 m s2 as “uncomfortable”. The same
classification is given for the interval of the tractor operating coupled to the seeder fertilizer (values
between 0.88 and 1.36 m s?). According to European Directive 2002/44/EC, based on the average value
found for the tractor without the coupling, the exposure limit is 7 hours and 36 minutes; in turn,
considering the average value found for the tractor operating coupled to the seeder fertilizer, the
exposure limit is 8 hours and 13 minutes.

The regression analyses for both the tractor (Figure 7a) and the tractor coupled to the seeder
fertilizer (Figure 7b) show an increase in the RMS acceleration levels with increasing forward speed.
Furthermore, regression analysis show that the RMS acceleration values are higher for the tractor not
coupled to the seeder fertilizer (1.02 — 1.40 m s2) than for the tractor operating coupled to the seeder
fertilizer (0.88 — 1.36 m s?2).

For the data collection point referring to the operator's seat, Equations 5 and 6 represent the
linear models that best fit the tractor operating scenarios without coupling and with coupling,
respectively. They are graphically represented in Figure 7, and their coefficients of determination are
0.69 and 0.63.

RMS, =0.05+0.19*S, (5)

RMS,, = 0.14 +0.15* S, (6)

1.4
1.35
1.3

Y 1.25

(
Y
2
a.RMS (ms™)

X115+
©
1.1}

1.05

1
5 5.5 6 6.5 7 5 5.5 6 6.5 7
Speed (km h_1) Speed (km h'1)
(a) (b)

Figure 7. Regression analysis of the speed factor for the operation of the tractor without (a) and with (b) coupling

of the seeder fertilizer.

Analysis was also performed by the means test for the slope factor, and Table 4 shows that there
are differences between the slopes for speeds of 5 and 7 km h! in terms of vibration severity for the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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operation of the tractor coupled to the seeder fertilizer. It is observed that the highest means occur
for the D2 slope and that there is an increase in the vibration severity with increasing speed.

Table 4. Results of the analysis of the slope factor at each level of the travel speed factor.

Speed (km h) Slope Floor (m s?)
5 D1 0.88b
D2 1.00 a
6 D1 1.09 a
D2 1.14 a
7 D1 1.15b
D2 142 a

Different letters at each speed indicate a significant difference according to the Tukey test at 5%

probability.

The quadratic model that best fits the relationship between the speed and slope for both D1
(Figure 8a) and D2 (Figure 8b) was the quadratic model. Equations 7 and 8, with coefficients of
determination of 0.54 and 0.70, govern the models determined for slopes D1 and D2, respectively.

RMSp; =-2.31+1.00*S-0.07*S%, @)
RMSp, =2.34-0.61 *S+0.07*S?, (8)
1.4 14

5 5.5 6 6.5 7 5 5.5 6 6.5 7
Speed (km h'1) Speed (km h'1)
(a) (b)

Figure 8. Regression analysis of the speed factor for slopes D1 and D2.

An increase in speed leads to an increase in vibration severity for both D1 and D2. For the D1
slope, the highest average RMS value is 1.15 m s?, at a speed of 7 km h'. Analyzing D1 slope,
according to the comfort standards of ISO 2631-1 [21], RMS value is considered "uncomfortable". For
the D2 slope, the highest mean is 1.5 m s?2, at a speed of 7 km h, and this value is categorized as
“very uncomfortable” according to ISO 2631-1 (1997) [21]. According to European Directive
2002/44/EC, the exposure limit for the average value of slope D1 is 9 hours, while the exposure limit
for slope D2 is 7 hours and 36 minutes.

From the results of the analysis of variance for the vibration transmissibility (Table 5), the
relationships between the machinery, slope, and speed factors were analyzed.

Table 5. Main results of the analysis of variance of the RMS accelerations for the transmissibilities.

T1 T2 Ts
M F=215.349 F=48.085 F=93.311
p =2e-16* p =3.02e-08* p =8.86e-12

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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b F=5252 F =46.145 F=3.308
p = 0.027549* p = 4.69¢-08* p =0.0768
s F =21.902 F =20.497 F=56.271
p = 4.71e-07* p = 9.16e-07* p = 4.37e-12*
D F=0.116 F=0.186 F=13.766
' p =0.890733 p =0.83078 p = 3.19¢-05*
VD F = 16.462 F = 35.863 F=0.145
' p =0.000238* p = 5.90e-07* p =0.7056
MES F = 43.092 F=7.013 F =1.355
' p = 1.69e-10* p = 0.00256* p =0.2702

* Significant at the 5% probability level.

The analysis of the vibration transmissibility relationship between the speed factor and the
machinery factor showed that the values for T1 and Ts were below 1 and that the values for T> were
mostly higher than 1. Table 6 shows that there are some differences between the RMS acceleration
values for the tractor coupled to the seeder fertilizer and the tractor not coupled to it. For the Ts
transmissibility, the coupling of the seeder fertilizer to the tractor significantly reduces the RMS
acceleration levels for all forward speeds.

Table 6. Results of the analysis of the machinery factor at each level of the travel speed factor.

Speed (km h?) Machinery T1 T2 T3
5 Tractor 0.89 a 1.25a 0.81a
Tractor-Seeder 0.56 b 096 Db 0.71b
6 Tractor 0.94 a 1.35a 0.76 a
Tractor-Seeder 0.71b 1.22 a 0.69 b
7 Tractor 0.75a 1.21a 0.90 a
Tractor-Seeder 0.72 a 1.13a 0.79b

Different letters at each speed indicate a significant difference according to the Tukey test at 5%

probability.

For the breakdown between the speed and slope (Table 7), there are significant differences in the
average RMS acceleration when the seeder fertilizer is coupled to the tractor only for speeds of 6 and
7 km h' for T2 and for the speed of 7 km h! for Ts.

Table 7. Breakdown of the slope (D) and speed (S) factors for transmissibilities T1, T2 and T3.

Speed (km h*) Slope T1 T2 T3
5 D1 0.75a 1.02a 0.76 a
D2 0.71a 1.19a 0.77 a
6 D1 0.84 a 121b 0.75a
D2 0.81a 1.37 a 0.70 a
7 D1 0.75a 1.10b 0.80 b
D2 072 a 124 a 0.88 a

Different letters at each speed indicate a significant difference according to the Tukey test at 5%

probability.

4. Discussion

The use of a coupling on the tractor causes a decrease in acceleration, the studies by [25]
corroborates the results obtained in the present study, especially in Table 2, because evaluated the
vibration severity in a 197 cv tractor with and without a fertilizer spreader coupling, and they
observed higher values of acceleration for the tractor operating without the use of the implement.
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[26] conducted a study using the same ballast setting and the same scarification depth in a
scarifier coupled to an 85 cv tractor. They found mean acceleration values of 5.5 m s2 for a speed of
3.5 km h™' and acceleration values of 6.5 m s2 for a speed of 4.5 km h! at the measurement point,
which was the operator’s seat. In the present study, lower acceleration values were observed at
speeds of 5, 6, and 7 km h-'.

The results for the regression analysis for the tractor, both coupled and uncoupled to the seeder
fertilizer has similar behavior with the study by [27], in which the authors varied the forward speed
of a 20 cv tractor and found mean RMS acceleration values of 0.31 m s2 for the speed of 4 km h-!, of
0.39 m s2 for the speed of 5 km h™! and 0.44 m s? for the speed of 6 km h at a collection point at the
center of gravity of the tractor. Furthermore, in the regression analysis, the RMS acceleration is higher
for the tractor without coupled to the seeder fertilizer, as observed in study by [25]. Therefore, from
this result, it can be inferred that coupling to the seeder fertilizer contributes to the attenuation of the
vibration levels.

[28] conducted an experiment that evaluated the severity of vibration of a tractor operating
coupled to a mowing implement both on paved roads and on rural roads. For the latter, for both
cutting and not cutting grass, they found higher values of vibration severity for the unpaved road.
However, there were no significant differences in vibration based on whether the mower deck was
active or not. [29] conducted studies on whole body vibrations in tractors, using different surface
conditions. As a result, they found that vibrations were greater on the rough track. These findings
indicate that ground conditions can influence the RMS value, in the present study, was found
accelerations higher when the slope increased, as can be observed in the results by [28] and [29].

[30] analyzed the vibration severity considering the tractor’'s forward speed, as well as the
inflation pressure of the tires and the type of tire (diagonal or radial). In this study, they concluded
that for both diagonal and radial tires, the travel speed considerably influenced the vibration severity.
The authors considered that tractor tires can absorb impacts at lower forward speeds; however, as
the speed increases, the wheels are not able to perform this attenuation, and the vibration severity
may even increase. Therefore, the higher RMS acceleration observed at increased speeds in the
present study may be explained by capacity of tires absorb impacts only in lower speeds.

[31] evaluated the frequency ranges that affect the vibration transmissibility from evaluations
inside and outside of the cabin of an 85 cv tractor coupled to a scarifier and considering different
levels of ballast. The authors observed amplification in the range from 0 to 15 Hz for the all-metal
ballast (AMB), from 0 to 19 Hz for the partmetal ballast (PMB), and from 71 to 76 Hz for the all-liquid
ballast (ALB). The mass/power ratios for AMB, PMB, and ALB were 67.36, 58.56 and 66.72 kg k W+,
respectively. Likewise, [28] evaluated the vibration severity between the cabin floor and the
operator's seat for a tractor coupled to a grass mowing implement. Transmissibility values between
1 and 2 in the frequency range between 2 and 4 Hz were found. The findings in this study are
consistent with the results by [31] and [28], because can be observed an increase in transmissibility
related to speed and slope.

The fact that the T2 transmissibility values result in values greater than 1 for all scenarios (in
which the RMS acceleration is greater in the cabin floor than in the rear axle of the tractor) can be
explained by the positioning of the rear axle in relation to the tractor operating station. Additionally,
the double wheels should be considered, which provide a greater area of contact between the tires
and the surface. This condition may favor the mitigation of external impacts on the rear axle.

5. Conclusions

Under the conditions in which the study was conducted, the following can be concluded:

e  There was a difference in the vibration severity of the tractor operating with and without the
coupling of the seeder fertilizer, in which the mechanized set attenuated the vibration levels.
This fact was evidenced at all data collection points;
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e  The slope factor influenced the vibration severity levels, and slope D2 (slope area) presented a
higher average RMS acceleration;

e  The forward speed, both in the tractor scenario and in the mechanized set, on both slopes had a
great influence on the vibration severity. The higher the speed was, the higher the average RMS
accelerations in the operator's seat;

e In general, the operator's seat alleviated the vibration severity experienced by the operator and
filled the expected role of damping the impacts from terrain irregularities, the travel of the
tractor, and the machine components that generate vibration, among other factors.
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