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INTRODUCTION

BAESSO et al. (2015) emphasized that 
agricultural mechanization is vital to agricultural 
development, as it enhances the production and 
increases the productivity indexes, as well as enables 

faster work speed and greater area of work, thus 
permitting the exploration of larger areas and higher 
uniformity of work. Productive efficiency of the 
operator is a significant factor in this development.

SANDI et al. (2016) purported that 
one of the variables that influences the productive 
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ABSTRACT: Agricultural tractors have been  reported to exert negative effects on operator health. It is well known that when a farm machine is 
designed it must consider the human factors, to raise the safety levels and work quality. The aim of the present study was to estimate the degree of 
vibration transmissibility from the agricultural equipment used for the periodic soil preparation process and determine the exposure of the whole 
body of the operator to the vibration, incident to the agricultural tractor during the operation. A 4x2 TDA tractor was employed, coupled to the 
periodic soil preparation equipment. Five sets were used (tractor- disk plough, tractor-moldboard plow, tractor-offset disc harrow, tractor-rotary 
hoe, and tractor-scarifier) and the tractor without the equipment being coupled, at two tractor speeds of displacement (3.5 km.h-1 and 6.1 km.h-1). 
An index (IAVEA) was developed to assess whether the amplification or attenuation of the vibrations takes place on each orthogonal axis. The 
data were processed using the Noise Studio® software 6.95. Statistical evaluation was performed using the ASSISTAT version 7.7 beta program. 
After normality, the data were submitted to the analysis of variance by the F test; when significance was reported, the means were compared using 
the Tukey test, at 5% significance. The disk plow was the equipment that showed the greatest intensification of the vibrations in all the parameters 
estimated. All the sets assessed revealed statistically equal or higher values in terms of the tractor without the attached equipment. The IAVEA% 
was an index that enabled the quantification of the amplification or attenuation caused by the use of the agricultural equipment.
Key words: ergonomics, agricultural machinery, vibrations.

RESUMO: A utilização de tratores agrícolas tem causado efeitos negativos na saúde do operador. Faz-se necessário que no projeto de uma 
máquina agrícola sejam levados em consideração fatores humanos, para aumentar a segurança e melhorar a qualidade de trabalho. O objetivo 
do presente trabalho foi avaliar a transmissibilidade da vibração em equipamentos agrícolas de preparo periódico do solo devido a exposição 
a vibração de corpo inteiro incidente ao operador de trator agrícola durante a operação. O trator utilizado foi um trator 4x2 TDA acoplado 
a equipamentos de preparo periódico do solo. Foram utilizados cinco conjuntos (trator-arado de disco, trator-arado de aiveca, trator-grade 
off-set, trator-enxada rotativa, trator-escarificador) e um trator sem equipamento acoplado, em duas velocidades de deslocamento do trator 
(3,5 km.h-1 e 6,1 km.h-1). Foi desenvolvido um índice (IAVEA) para avaliar se ocorre amplificação ou atenuação das vibrações em cada eixo 
ortogonal. Os dados foram processados no software Noise Studio® 6.95. Para avaliação estatística foi utilizado o programa ASSISTAT versão 
7.7 beta. Comprovada a normalidade, os dados foram submetidos à análise de variância pelo teste F e, quando significativas, as médias foram 
comparadas pelo teste de Tukey a 5% de significância. O arado de disco foi o equipamento que apresentou maior intensificação das vibrações 
em todos os parâmetros avaliados. Todos os conjuntos avaliados apresentam valores estatisticamente iguais ou superiores em relação ao trator 
sem equipamento acoplado. O IAVEA% se mostrou um índice capaz de quantificar a amplificação ou atenuação proporcionada pelo uso de 
equipamentos agrícolas.
Palavras-chave: ergonomia, máquinas agrícolas, vibrações.
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performance of the operators the most, and the one 
which can induce a variety of health issues, is the 
vibration produced by tractor operation. According 
to Palmer et al. (2008) occupational exposure to 
whole body vibration is a common occurrence in 
populations utilizing self-propelled vehicles.

The response of the human body to 
vibration is influenced by physical factors such as 
the duration, frequency, intensity and direction of the 
mechanical vibration. Even if a single factor crosses 
the optimal level, the operator is already exposed to 
health risks (ZEHSAZ et al., 2011).

One of the results of the exposure of the 
operator to whole body vibrations is the occurrence 
of spine-related pathologies, which greatly 
impair the quality of the work activities, absence 
from work and severe damage to operator health 
(FIGUEIREDO et al. 2016).

SANDI et al. (2018) proposed that a large 
part of the vibration-related health problems could be 
circumvented by collecting the data on the working 
conditions and adopting the threshold values to arrive 
at the exposure levels.

Langer et al. (2012) stated that different 
strategies reveal the potential to minimize the operator’s 
exposure to whole body vibration, suspension systems, 
operator education and/or improved area planning. 
However, it is crucial to first identify the axes at which 
these vibrations occur, the health risks they impose and 
the forms of work that are less detrimental to health.

According to SCARLET et al. (2007) the 
vibration intensity is directly related to the operation 
process being performed and to the agricultural 
equipment coupled to the tractor that is doing it; 
however, many tests are done which assess only the 
agricultural tractor, and the equipment coupled to it 
can exert sufficient damage to the operator’s health.

The present  research  aimed to assess the 
transmissibility of the vibrations in the agricultural 
equipment used for periodic soil preparation, as the whole 
body is exposed to vibration incident to the agricultural 
tractor operator during the operation process.

MATERIALS   AND   METHODS

The experiment was performed in an 
experimental region utilized for conventional planting 
systems, which lacked vegetation cover material on 
the surface, and showed a slightly wavy flat relief. 
The area was characterized by its red-yellow Argisol, 
belonging to the sandy loam textural class, with 
approximately 829 g kg-1 of sand, 106 g kg-1 of clay 
and 65 g kg-1 of silt (MACEDO et al. 2016).

In this study, we used a platformed tractor 
with the original factory seat. The seat was provided 
with an upper backrest and armrest, and the damping 
system functioned through the seat upholstery and a 
spring-damping system.

The tractor used in this research was a 
4x2 TDA with 91.9 kW nominal engine power, 4 
cylinders, and a 4,400 cm³ total displacement. Radial 
tires were used, type R1, 14.9R-24 tires for the front 
axle, with 68.9 kPa pressure and rear tires 18.4R-
34, with 82.7 kPa pressure. Engine speed was fixed 
at 1,860 rpm, where the L1 (3.4 km.h-1) and L3 (6.1 
km.h-1) marches were selected, always with the multi-
torque button on the turtle.

With the engine speed fixed at 1,860 
rpm, we chose the L1 (3.4 km.h-1) and L3 (6.1 
km.h-1) marches, always keeping the multi-torque 
button on the turtle.

The weight / power ratio was established 
based on the need of the equipment, so that using the 
same relation all the operations could be performed 
in an appropriate manner, to be able to make a 
comparison of the equipment. The tractor revealed a 
total mass of 6,370 kg, giving a mass / power ratio of 
69.3 kg. kW-1, distributed as 40% on the front axle 
and 60% on the rear axle. On the tractor, only solid 
weights were used, but no liquid weights. Therefore, 
in order to check the correctness of the adequacy, the 
skating of the wheelsets was evaluated. According 
to ASAE EP 496.2 (1999) for sandy soils, values 
between 13 to 18% indicated the ideal skating. All 
values obtained in this study fell within the ideal 
skating range, revealing that suitability selected is 
perfect for all operations.

All the agricultural equipment employed 
in this study, prepared the soil up to 150 mm depth, 
to ensure equivalent conditions that would warrant 
making comparisons between the equipment. This 
confirmed that all the parameters were unified for 
all the treatments, the engine rotation, speed of 
displacement, ballasting and depth, to make certain 
that the only difference between  treatments was the 
coupled equipment. When different work depths 
were used, the result could be affected because of 
the tendency for the tensile effort to increase as the 
depth was increased; as any increase in the effort of 
the traction could affect the vibrations, it is necessary 
to unify the depth in order to make the comparison 
possible. Besides, it must be noted that all the 
equipment used included no restrictions from the 
manufacturer or the literature to utilize them to the 
depth that was used. Another factor used to fix the 
depth was the weight / power ratio. This is because 
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if the depth were to be increased, more ballast would 
be needed to maintain the skating at the ideal levels, 
which could in turn affect vibration. The reversible, 
three-disk plough was used, having 711.2 mm disks, 
1,000 mm working width and 925 kg mass. The 
weight of the moldboard plow was 428 kg, having 
three bodies of fixed movement, mounted onto the 
system of the hydraulic lift of the tractor, with angular 
cutouts and trunks of general use. The double-action, 
offset disc harrow lightweight had a 2,500 mm 
working width, with smooth and cut disks. Each disk 
is 520 mm in diameter, with 180 mm disk spacing 
and disk mask of 32 kg. A rotary hoe having 800 
mm working width was provided with six blades per 
flange, three on each side of the mounted equipment.

Tests were conducted adhering to the 
guidelines established by the NHO-09 (Occupational 
Exposure to Whole Body Vibration) standard 
(FUNDACENTRO, 2013), as well as to the Annex 
A (Field measurements) of the NBR ISO 5008 
wheels and field machines – (measurement of the 
vibration transmitted to the operator’s whole body) 
which specifies the measurements on the agricultural 
tractors (ABNT, 2015).

Using a knob, the seat had been adjusted 
by changing the seat stiffness to suit the mass of the 
operator (95 kg). The following values were recorded 
for the X axis, 73% for the Y axis and 80% for the Z 
axis.

Once the field-testing was done the 
operator’s whole body vibration (WBV) was 
measured using the DELTA OHM® HD 2030 
vibration meter. A triaxial seat accelerometer model 
356B41 from the same manufacturer was connected 
to the vibration meter.

During the test, the accelerometer was 
fixed to the seat base using adhesive tape, so that 
it remained in the same position throughout. The 
accelerometer was placed near the seat center, in such 
a way that the operator’s coccyx coincided with the 
center of the seat pad for 180-sec and the readings 
were noted.

To evaluate the vibration the values 
of RANE (Resultant Acceleration of Normalized 
Exposure) and RVDV (Resultant Vibration Dosing 
Value) were assessed. Values were calculated by 
considering a daily 8-hour working day, with the 
tractor performing only a single operation throughout 
the whole day, with reference to only one exposure 
component.

According to ANNEX VIII of NR-15 
Activities and Unhealthy Operations (BRASIL, 
2014) the condition is considered unhealthy if any of 

the limits of daily occupational exposure to WBV are 
surpassed:

(a) the acceleration value calculated from 
the standardized exposure (RANE) of 1.1 m.s-2;

(b) the value of the resulting vibration dose 
(RVDV) of 21.0 m.s-1.75.

Many methods are available to evaluate the 
vibrations incident to the operator by the agricultural 
tractor; however, several of them evaluate the tractor 
alone. For instance, the NBR ISO 5008 (ABNT, 2015) 
includes, in Annex A, provision for field trials which 
can be attached to the tractor equipment. However, 
this norm and others connected to the assessment 
of occupational vibration do not include ways to 
evaluate the quantity of vibration that the attached 
equipment transmits to the operator.

 Based on this assumption, we attempted 
in this study, to develop an index, which can stipulate 
the vibration that arises from the attached equipment 
alone. To confirm if, during the operation of equipment 
coupled to the tractor, the use of it attenuated or 
amplified the magnitude of vibrations incident to the 
operator, an index was developed. Equation 1 reveals 
the index of amplitude of the vibration incident to the 
operator by the agricultural equipment coupled to the 
tractor.
              
                                                                                  (a)
                                                                            
Where,
IAVEA - Index of amplitude of vibration incident to 
the operator of the agricultural equipment attached to 
the tractor (%);
VDVeq - vibration dose value of the X, Y or Z axes on 
the seat, with the equipment coupled to agricultural 
tractor (m.s-1.75).
VDVt - vibration dose value of the X, Y or Z axes on 
the seat, without the equipment coupled to agricultural 
tractor (m.s-1.75).

For all the operations performed, the 
completely random experimental design was 
selected. Comparisons were done of the operations 
with each other, with five mechanized sets and the 
tractor without any coupled equipment, at two tractor 
travel speeds of 3.4 km.h-1 and 6.1 km.h-1.

The equipment used collected data every 
1 s, for each repetition performed, measurements 
were taken of 180 s, for 180 samples in total for 
each repetition. Five replications were done for 
each treatment. 

The data obtained using the vibration 
meter were processed by the Noise Studio® software 
6.95. The data were statistically evaluated using 
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the statistical program ASSISTAT version 7.7 beta 
(SILVA & AZEVEDO, 2016). Normality of the data 
was verified by submitting them to the Anderson-
Darling test. All the variables evaluated could be 
verified to have normal distribution by the Anderson-
Darling test at the 5% level of significance.

After confirming the normality, the data 
were submitted to the analysis of variance by the F 
test, and when significant, the means were compared 
by the Tukey test, at the 5% level of significance.

RESULTS   AND   DISCUSSION

Tables 1 and 2 list the mean values   obtained 
for Standardized Exposure Acceleration (RANE) and 
the Resulting Vibration Dose Value (RVDV).

The RVDV represents the cumulative 
exposure to the vibrations in a working day, 
obtained from the three orthogonal axes X, Y and 
Z. This is the most suitable method of assessing 
the effect of  vibration exposure on workdays 
extending beyond 8 hours because it represents 
more of the bumps and shocks that occur during 
the operation (SCARLETT et al. 2007).

According to Brazilian legislation, the 
recommendation of the NR-15 (BRASIL, 2014) to 

 

Table 1 - The Resultant Acceleration of Normalized Exposure - RANE (m.s-2) and Resultant Vibration Dosing Value - RVDV (m.s-1.75) 
values obtained with the tractor operating without equipment and with different mechanized sets with displacement velocity of 
3.5 km.h-1. 

Sources of Variation RANE (m.s-2) RVDV (m.s-1,75) 

Tractor (Control T.) 0.396c 7.979c 
Tractor-moldboard plow set 0.418c 8.285c 
Tractor-disk plough set 0.794a 15.158a 
Tractor-scarifier set 0.434c 8.481c 
Tractor-offset disc harrow set 0.662b 12.643b 
Tractor-rotary hoe set 0.434c 9.044c 
Tests F RANE (m.s-2) RVDV (m.s-1,75) 
Treatments (F) 57.6360** 60.8141** 
F-crit. 3.8951 3.8951 
CV (%) 9.19 8.15 
DMS 0.094 1.641 
Anderson-Darling test RANE (m.s-2) RVDV (m.s-1.75) 
Obtained value 0.68246 0.68766 
V crit. 0.71186 0.71186 
Normal Yes Yes 
 

Legend: Means followed by the same lower case letter do not differ by Tukey test (p≤0.05). *Significant by F test at the 5% probability 
level. **Significant by F test at the 1% probability level. ns: not significant by the F test at the 5% probability level. DMS: minimum 
significant difference. CV: coefficient of variation. Source: Prepared by the Author (2019). 

 

characterize the unhealthy working conditions is to 
verify the evaluation of the two parameters at the 
same time as the RANE and RVDV.

For the 3.5 km.h-1 speed, it is evident that 
the tractor without the attached equipment and the 
sets tractor-moldboard plow, tractor-scarifier and 
tractor-rotary hoe had RANE values  below 0.5 ms-2 
and RVDV values   below 9.0 ms-1.75. This implies that 
they come under the acceptable condition; therefore, 
according to the NHO-09 (FUNDACENTRO, 2013), 
one should maintain at least the existing condition.

According to the NHO-09 
(FUNDACENTRO, 2013), even when the RANE 
or RVDV values are obtained in the acceptable 
condition,  adoption of steps to lower the exposure 
levels, if available or viable, should be considered 
because it enhances the exposure conditions and 
reduces the health risks.

The sets tractor-disk plough and tractor-offset 
disc harrow at 3.5 km.h-1 speed obtained RANE values   
in the range of > 0.5 to < 0.9 ms-2 and RVDV values   in 
the range of 9.1 > to < 16.4 ms-1.75, implying that they 
fall into the condition above the action level. Therefore, 
according to the NHO-09 (FUNDACENTRO, 2013), 
at least preventive measures must be undertaken to 
minimize the exposure of the operator to vibration.
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According to the NHO-09 
(FUNDACENTRO, 2013) preventive steps are 
measures that have a propensity to reduce the 
likelihood that the exposure the operator experiences 
to the vibration will be detrimental to him and ensure 
that the limit of exposure is not surpassed. Measures 
employed should warrant periodic exposure 
monitoring, operator guidance (exposure risks, post-
exposure care like circumventing lifting and avoiding 
twisting and bending movements) and medical 
monitoring.

Regarding the agricultural machinery 
operators, preventive measures must be ensured, such 
as adopting appropriate operation speeds but which 
will also have lower vibration levels, monitoring if 
the adjustment of agricultural equipment is correct 
and fine-tuning the tractor seat in terms of positioning 
and operator bodyweight.

Only at the tractor displacement speed of 
6.1 km.h-1, when no equipment was attached,   the 
acceptable condition was achieved. Sets tractor-
moldboard plow, tractor-scarifier and tractor-rotary 
hoe surpassed the condition above the level of action, 
and preventive measures were mandatory to decrease 
the degree of operator exposure.

Tractor-offset disc harrow set showed 
RANE values in the range of 0.9 to 1.1 m.s-2 and 

 

Table 2 - The Resultant Acceleration of Normalized Exposure - RANE (m.s-2) and Resultant Vibration Dosing Value - RVDV (m.s-1.75) 
recorded with the tractor operating without equipment and with different machined sets with displacement speed of 6.1 km.h-1. 

Sources of Variation RANE (m.s-2) RVDV (m.s-1.75) 

Tractor (Control T.) 0.485d 9.042d 
Tractor-moldboard plow set 0.664c 12.676c 
Tractor-disk plough set 1.11a 21.203a 
Tractor-scarifier set 0.743bc 14.194bc 
Tractor-offset disc harrow set 0.998a 19.026a 
Tractor-rotary hoe set 0.858b 16.388b 
Tests F RANE (m.s-2) RVDV (m.s-1.75) 
Treatments (F) 56.4735** 59.1231** 
F-crit. 3.8951 3.8951 
CV (%) 9.19 7.51 
DMS 0.116 2.225 
Anderson-Darling test RANE (m.s-2) RVDV (m.s-1.75) 
Obtained value 0.42532 0.44544 
V crit. 0.71186 0.71186 
Normal Yes Yes 
 

Legend: Means followed by the same lower case letter do not differ by Tukey test (p≤0.05). *Significant by F test at the 5% probability 
level. **Significant by F test at the 1% probability level. ns: not significant by the F test at the 5% probability level. DMS: minimum 
significant difference. CV: coefficient of variation. Source: Prepared by the Author (2019). 

 

RVDV in the range of 16.4 to 21 m.s-1.7, reaching the 
uncertainty region condition.

The NHO-09 (FUNDACENTRO, 2013) 
stated that when the region of uncertainty is reached, 
preventive and corrective measures are mandatory 
to mitigate the daily exposure of the operator to 
vibration.

 According to the definition of the NHO-09 
(FUNDACENTRO, 2013), the corrective measures 
included the following: decreased working hours, 
work routine changes (doing other functions that do 
not require the tractor to lower the daily exposure 
dosage), the adoption of anti-vibrator seats, (improper 
maintenance can intensify the vibrations arising from 
the machine), modification of the tire calibration, 
usage of suspension systems (practically non-existent 
in tractors marketed in Brazil), and alterations in the 
operating platform etc. The tractor-disk plough set 
obtained RANE values   above 1.1 m.s-2 and RVDV 
values exceeding 21 m.s-1.75, achieving the state of 
surpassing the exposure limit.

The NHO-09 (FUNDACENTRO, 
2013) stated that if the exposure limit is exceeded, 
corrective measures must be taken at once to lower 
the vibration levels.

GOGLIA et al. (2003) proposed that the 
foremost and fastest method of minimizing health 
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risks arising from exposure to occupational vibration 
is to reduce the exposure time by redistributing the 
operators to other functions that are not linked to the 
vibration through their entire working day.

FUTATSUKA et al. (1998) also identified 
unhealthy working conditions in an 8-hour 
workday. They suggested that the best way to 
mitigate operator health risk was by providing new 
suspension mechanisms on the present agricultural 
tractors, in order to be able to decrease exposure to 
occupational vibration.

MARSILI et al. (2002) demonstrated 
that the inclusion of suspension systems on tractors 
could induce more than 50% escalation of the 
operator exposure time without causing additional 
health damage.

BALBINOT & TAMAGNA (2002) 
proposed that RVDV values   exceeding 8.5 m s-1.75 
would cause operator discomfort. The present 
research revealed displacement velocity values of 3.5 
km.h-1 with higher values obtained for the sets tractor-
disk plough, tractor-rotary hoe and tractor-offset disc 
harrow, while for the 6.1 km.h-1 speed all the sets 
showed higher values. Incidentally, the author stated 
that values  exceeding 15 m.s-1.75 can induce severe 

discomfort and the onset of pain, primarily in the 
lower back. At the 3.5 km.h-1 speed, the tractor-disk 
plough set assembly achieved higher values,   while 
for the 6.1 km.h-1 speed, the sets tractor-disk plough, 
tractor-rotary hoe and tractor-offset disc harrow 
surpassed the 15 ms-1.75, implying the likelihood of 
the onset of occupational diseases to the operator.

For CUNHA et al. (2012) occupational 
vibration issues can be attenuated by decreasing the 
intensity of the vibrations at its source along with 
decreasing the time of exposure to the vibration. 
To mitigate this vibration, it becomes crucial to 
know the reality of the country, the equipment 
commercialized there, before formulating  tactics to 
minimize these vibrations.

ZEHSAZ et al. (2011) stated that for 
economic reasons tractors lacking cabin and seat 
suspension systems are in greater demand, which is 
the reason that manufacturers have resolved to supply 
basic tractors without these systems.

Tables 3 and 4 show the results of the F test 
and the mean IAVEA% values   for the mechanized 
assemblies assessed on the X, Y and Z axes. Scarlet 
et al., (2007) in their evaluation of the whole-body 
occupational vibrations in mechanized assemblies 

 

Table 3 - Index of amplitude of vibration incident to the operator of the agricultural equipment attached to the tractor  - IAVEA values 
(%) in the X, Y, and Z axes obtained with the different machined sets with displacement velocity of 3.5 km.h-1. 

Sources of Variation 
IAVEA (%) 

X axis 

IAVEA (%) 

Y axis 

IAVEA (%) 

Z axis 

Tractor-moldboard plow set 127.5b 132.1a 116.3b 
Tractor-disk plough set 217.8a 152.9a 195.4a 
Tractor-scarifier set 127.6b 133.9a 125.8b 
Tractor-offset disc harrow set 149.5ab 139.1a 117.1b 
Tractor-rotary hoe set 135.5b 141.4a 121.6b 

Sources of Variation IAVEA (%) 
X axis 

IAVEA (%) 
Y axis 

IAVEA (%) 
Z axis 

Treatments (F) 3.9611* 0.5157ns 86.9966** 
F-crit. 2.8861 0.117 4.4307 
CV (%) 28.23 18.28 6.00 
DMS 81.2 48.48 15.38 

Anderson-Darling test IAVEA (%) 
X axis 

IAVEA (%) 
Y axis 

IAVEA (%) 
Z axis 

Obtained value 0.51114 0.45317 0.33770 
V crit. 0.70268 0.70268 0.70268 
Normal Yes Yes Yes 
 

Legend: Means followed by the same lower case letter do not differ by Tukey test (p≤0.05). *Significant by F test at the 5% probability 
level. **Significant by F test at the 1% probability level. ns: not significant by the F test at the 5% probability level. DMS: minimum 
significant difference. CV: coefficient of variation. Source: Prepared by the Author (2019). 
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indicated that the vibration intensity is directly 
related to the operation being performed, as well as to 
the agricultural equipment coupled to the tractor that 
is performing it.

Hence, a method that can assess individual 
agricultural equipment to identify its contribution to 
the system in terms of whether it has amplified or 
attenuated the vibrations incident to the operator is 
highly significant.

Thus, it can be considered that the same 
tractor can give different vibration values depending 
upon the agricultural equipment and the conditions of 
usage (slow moving, moving in operation, transport 
etc.) of the same, and the equipment may induce 
attenuation or amplification of the vibrations incident 
to the operator.

GOGLIA et al. (2003) proposed that for the 
same tractor, coupled to the same equipment, when the 
condition of use of the equipment alone is changed, a 
significant change in the vibration can be induced.

 For instance, the transport condition is 
inclined to greatly intensify the vibrations for the 
mounted equipment because of the greater motion of 
the equipment when it is suspended by the hydraulic 
lift system, particularly in the Y axis.

All the mechanized assemblies assessed 
revealed amplification in all the three axes, X, Y and Z. 
It can be observed that the amplification levels increase 
as the speed of the tractor movement increases.

Tractor-moldboard plow set for the 
3.5 km.h-1 tractor displacement speed produced 
27.5% amplification for the X axis, 32.1% for the 
Y axis and 16.3% for the Z axis. This was the set 
showing the lowest amplification among the ones 
evaluated for the three orthogonal axes X, Y and Z 
for both  displacement speeds used for the tractor. 
The Y axis showed practically no increase in the 
vibrations corresponding to the increase in the 
displacement speed.

SCARLET et al. (2007) in their estimation 
of the vibrations incident to the operator in mechanized 
assemblies (sprayer, moldboard plow and cultivator), 
revealed that the soil preparation equipment has the 
propensity to intensify the vibration levels, with the 
moldboard plow and the cultivator showing higher 
values than the sprayer.

Tractor-disk plough set showed 
amplification of the incident vibration for all the three 
orthogonal axes X, Y and Z, in which for the tractor 
displacement speed of 3.5 km.h-1 the X axis showed 

 

Table 4 - Index of amplitude of vibration incident to the operator of the agricultural equipment attached to the tractor  - IAVEA values 
(%) in the X, Y, and Z axes obtained with different machined sets having a displacement velocity of 6.1 km.h-1. 

Observed Parameters 
IAVEA (%) 

X axis 

IAVEA (%) 

Y axis 

IAVEA (%) 

Z axis 

Tractor-moldboard plow set 144.9bc 133.9a 134.9b 
Tractor-disk plough set 263.9a 189.9a 242.44a 
Tractor-scarifier set 143.3c 153.6a 156.9b 
Tractor-offset disc harrow set 181.8b 143.7a 145.25b 
Tractor-rotary hoe set 159.2bc 145.8a 142.73b 

Sources of Variation IAVEA (%) 
X axis 

IAVEA (%) 
Y axis 

IAVEA (%) 
Z axis 

Treatments (F) 30.8413** 2.1561ns 7.7212** 
F-crit. 4.4307 2.8861 4.4307 
CV (%) 11.30 21.44 21.67 
DMS 38.3 62.35 67.59 

Anderson-Darling test IAVEA (%) 
X axis 

IAVEA (%) 
Y axis 

IAVEA (%) 
Z axis 

Obtained value 0.55910 0.61610 0.70056 
V crit. 0.70268 0.70268 0.70268 
Normal Sim Sim Sim 
 

Legend: Means followed by the same lower case letter do not differ by Tukey test (p≤0.05). *Significant by F test at the 5% probability 
level. **Significant by F test at the 1% probability level. ns: not significant by the F test at the 5% probability level. DMS: minimum 
significant difference. CV: coefficient of variation. Source: Prepared by the Author (2019). 
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amplification of 117.8%. The Y axis showed 52.9% 
and the Z axis showed 95.4%. These are the highest 
recorded values  . When the speed was increased to 6.1 
km.h-1 an even higher amplification was noted, which 
exceeded that of the other equipment.

For the 3.5 km.h-1 tractor displacement 
speed, all the mechanized assemblies assessed, barring 
the tractor- disk plough set, revealed statistically 
equal amplification for all three orthogonal axes X, 
Y and Z. Assemblages evaluated showed similar 
amplification, increased values   for the Z axis and 
closer values   ones for the X and Y axes.

For the displacement velocity of the 
tractor at 6.1 km.h-1 ,it is clear that for the Y axis 
no differences were evident among the treatments 
assessed, the only differences being restricted to the 
X and Z axes. The tractor-disk plough set showed the 
highest amplification levels.

CONCLUSION

All  sets utilized revealed an increase in the 
whole body vibrations incident to the operator.

Under the conditions assessed, the tractor-
disk plough set revealed the highest vibration 
intensity accompanied by the higher risk of damage 
to the operator’s health, for an 8-hour workday.

 Under the conditions of the evaluation, 
the tractor-moldboard plow set presented the least 
amplification of the vibrations and health risks for an 
8-hour workday. 

Thus, the IAVEA proved to be a reliable 
index that could quantify the amplification or 
attenuation caused by the use of agricultural equipment.
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