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The investigation involved five agricultural tractors with increasingly efficient vibration control sys-
tems. Tri-axial frequency-weighted acceleration values were acquired on the seat surface and on the
cabin floor, together with the running speed values. Measurements were carried out under normal
working conditions. Results indicate that during ploughing and harrowing the axis determining the
exposure risk for the operator is generally the transversal one, due to the roll effect. Differently, during
translations on farm roads, the axis determining the exposure risk is the vertical one. The acceleration
values determining the risk for the driver during plowing at 5 + 7 km/h are high (0.86 = 1.15 m/s?)
and always higher than the daily exposure action value defined in the European Directive 2002/44/CE
(0.5 m/s?). During harrowing at 2 km/h the acceleration values are quite low (0.23 -+ 0.38 m/s?). Dur-
ing translation at 17 + 19 km/h the acceleration values are in the range 0.31 + 0.95 m/s? depending on
the surface roughness (asphalt, dirt or gravel). Based on the whole set of measurements, the SEAT
values are in the range 0.4 + 1.38. As regards the comparison between the tractors, an absolute ranking
was not achieved since the performances strictly depend on the working conditions. Referring to the
seats, the ranking showed the opposite trend to the one expected considering the seat technology.
Keywords: agricultural tractor, vibration, seat, suspensions

1. Introduction

This study focuses on vibration tests performed on five agricultural tractors (100 + 140 hp) equipped
with vibration control systems of increasing performance. The measurements were performed on a farm




under normal working conditions; measurements under standardized conditions, indeed, provide data
which are representative of the real working activities only under specific circumstances [1]. In this study
the following working conditions were considered: ploughing, harrowing and translating on farm roads
(paved with asphalt, dirt and gravel) with and without a farming trailer wagon.

2. Materials and methods

2.1 Driver, tractors, equipment

All measurements were performed with the same driver (1.75 m height and 104 kg weight) having
significant experience in driving agricultural vehicles.

The tractors under test were all in good maintenance conditions; all the tractors were of the same brand
except tractor 5. Table 1 and Table 2 summarize the characteristics of each tractor and the implemented
vibration control systems. It should be noted that the vibration control systems improve from tractor 1 to
tractor 5.

Table 1: Characteristics of the five tractors included in the study

Tractor Power Length Width Height Weight | Wheelbase | Year of reg- | Total working
No. (hp) (cm) (cm) (cm) (kg) (cm) istration hours
1 110 406 192 259 3700 228 2016 660
2 120 406 192 259 3700 228 2016 406
3 105 416 209 267 4250 234 2012 153
4 100 416 199 270 4550 238 2015 174
5 140 453 191 292 4950 265 2013 2902
Table 2: Equipment of the five tractors included in the study
Trac- Ballast Front Cabin Cabin " "
tor No. (kg) axle (front side) (rear side) Seat Front tyres ()| Rear tyres (%)
280 on two axial silent| on two axial silent .
! (front axle) fixed blocks in rubber [ blocks in rubber mechanic | 405/70 R20 >40/65 R30
400 on two axial silent| on two axial silent .
2 (front axle) fixed blocks in rubber | blocks in rubber pneumatic | 440/65 R24 >40/65 R34
3 0 fixed | ;ber;‘:’;’ef oy s | Preumatic | 480/65 R28 | 540/65 R38
with hy- L .
4 300 draulic cyl- |01 tWo axial silent| — on two spring- | oo | 4g0/65 R24 | 600/65 R34
(rear axle) inder blocks in rubber | loaded dampers
with hy- on two rubber on two spring- | Semi-active
5 0 draulic cyl- . PINS™ 1 quspension | 540/65 R28 | 650/65 R38
. radial bushes loaded dampers
inder system

(*) inflation pressure: 1.5 bar

Concerning the suspension systems: a) the hydraulic cylinder placed between the front axle and the
structure operates along the vertical axis and attenuates vibrations at frequencies lower than 3 Hz and
reduces the vehicle pitching at high speeds, ensuring its control; b) the axial rubber silent blocks and the
rubber radial bushes, to which the cabin is fixed, reduce the vibration transmission at frequencies > 16 +
18 Hz; c) the rear cabin side is fixed on two spring-loaded dampers, which attenuate vibrations > 2 Hz.;
d) the semi-active seat is equipped with a damper containing a magnetorheological fluid (metallic parti-
cles suspended in oil). A magnetic field is applied on the fluid through an electromagnet controlled by
sensors: when the field intensity increases, the fluid greatly increases its viscosity, thus making the sus-
pension more rigid.
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This study follows a previous investigation by the same authors focusing on tractor 5 and aimed at
evaluating to which extent the replacement of standard equipment (suspensions, seat, tyres) with dif-
ferent vibration control systems is efficient in reducing vibrations during real working conditions [2].

2.2 Equipment, procedures and data analysis

All measurements were performed using two tri-axial accelerometers (ICP type, PCB Piezotronics):
the first one (10 mV/ms™ sensitivity) was inserted in a semi-rigid rubber plate and fixed on the seat
surface; the other one (1 mV/ms? sensitivity) was fixed to the cabin floor, at the base of the seat. The
accelerometers were oriented in accordance with the ISO 2631-1 requirements: longitudinal axis (X),
transversal axis (Y), vertical axis (z). A radar doppler, fixed to the tractor with adhesive tape, was used to
measure the tractor speed. Accelerometers and speed sensor were connected to a multichannel measure-
ment system implementing the weighting filters (w) for the vibrations transmitted to the human body as
defined in the ISO 2631-1 and ISO 8041 standards (d for X and y axes, k for the z axis). The system
collected the root-mean-squared (r.m.s.) acceleration values, weighted in frequency and in 1/3 octave
bands (range 0.5 + 400 Hz); the values were acquired every second and for the whole duration of each
test.

The transmissibility curve for vertical vibrations was obtained as the ratio between the vibration meas-
ured on the seat surface and the vibration measured on the cabin floor for each frequency band. By using
this curve, the resonance frequency of the seat was obtained. The excitation frequency of the seat was
identified from the highest component of the vertical acceleration spectrum, measured on the cabin floor.
The Seat Effective Amplitude Transmissibility (SEAT) was calculated as the ratio between the frequency-
weighted vertical accelerations measured on the seat surface and on the cabin floor (ISO 10326-1). The
crest factor was calculated as the ratio between the maximum peak value and the r.m.s. value, both re-
ferred to aw and the same test (ISO 2631-1).

Measurements were repeated on the five tractors on the same farm, using the same plow and harrow.
In addition, measurements were performed while the tractors were translating on the same section of
farm roads (paved with asphalt, dirt and gravel), with and without the same farming trailer wagon
(weight: 2130 kg). During the measurements, all the tractors maintained the same constant speed which
was chosen as the most representative one for each activity. In each condition the measurements were
repeated 2-4 times; the analyses were performed on the average value of the repeated measures.

3. Results

3.1 Ploughing

The acceleration values measured during ploughing at 4.8 + 6.6 km/h are reported in Table 3. This
table shows the results obtained on the seat surface and on the cabin floor: the frequency-weighted ac-
celerations 1.4 awx, 1.4 awy, awz; the awv sum vector; the SEAT value.

Table 3: acceleration measured during ploughing (without turning operation at the end of the field)

Trlzc(:)tor Seat surface (m/s?) Cabin floor (m/s?) SEAT
l4awx | l.4awy | awz | awv | 1.4awx | 1.4awy | awz | awv
1 0.89 0.55 032 | 1.10 | 0.45 0.43 0421 0.75 | 0.77
2 0.61 1.00 | 040 | 1.24] 046 0.72 0.56 | 1.02 | 0.72
3 0.60 0.91 033 | 1.14 ] 0.54 0.68 0.40 | 0.95 | 0.83
4 0.56 0.86 |0.37]1.09| 0.52 0.70 0.42 1 097 | 0.91
5 0.71 1.15 0.38 | 1.41 0.54 0.83 0.45 ] 1.08 | 0.86
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As concerns the accelerations measured on the seat surface, the highest value between 1.4 awx, 1.4
awy and awz, estimates the risk for the driver according to the European Directive 2002/44/CE. This
value was found along the y axis in four different cases and along the x axis only in one case. The
acceleration values determining the risk are in the range 0.86 +~ 1.15 m/s2. According to the risk level
(from the lowest to the highest acceleration values), the tractors can be ordered as follows: 4, 1, 3, 2, 5.

As concerns the cabin floor, the sum vectors of the accelerations are representative of the overall
tractor vibrations irrespective of the seat; these values are in the range 0.75 + 1.08 m/s%. In this case, the
tractors can be ordered as follows (from the lowest to the highest acceleration values): 1, 3, 4, 2, 5.

The SEAT values indicate that the seat attenuates the vibrations (0.72 + 0.91). In terms of the SEAT
values, the seats can be ordered as follows (from the lowest to the highest value): 2, 1, 3, 5, 4.

On the seat surface, the frequencies of the main vibration components are in the range 1 +~ 2.5 Hz (X
axis), 1 + 1.3 Hz (y axis), 1.6 = 2.5 Hz (z axis); on the cabin floor they are in the range 1 + 6.3 Hz (X
axis), 1 = 1.3 Hz (y axis), 2 + 2.5 and 6.3 + 10 Hz (z axis). The resonance frequency of the seat ranges
from 1 to 1.6 Hz and it is lower than the excitation frequency (2 + 2.5 Hz). At its resonance frequency,
the seat increases by about 1.5 times the accelerations transmitted from the floor (transmissibility 1.4 +
1.8).

The turning operation at the end of the field requires short and sharp manoeuvres while raising the
plough, but this operation doesn’t substantially change the acceleration values while it increases the crest
factor. This last value is in the range 3.6 + 7.7 for all three axes during the ploughing operation, while it
is in the range 5.1 + 9.7 during the turning one. A crest factor over 9.0 (value defined in ISO 2631-1)
was found only for tractor 3 along the z axis; in this case, the “basic evaluation method using weighted
r.m.s. accelerations”, defined in the standard and used in this paper, may underestimate the effects of the
vibrations transmitted to the operator.

3.2 Harrowing
The accelerations measured during harrowing at 1.8 + 2.4 km/h are shown in Table 4.

Table 4: acceleration measured during harrowing (without turning operation at the end of the field)

Tr;]((:)tor Seat surface (m/s?) Cabin floor (m/s?) SEAT
l4awx | 1.4awy | awz | awv | 1.4awx | 1.4awy | awz | awv
1 0.22 020 ]0.34 ] 0.45 0.20 0.16 0.83 | 0.87 | 0.41
2 0.38 030 [0.34]059] 0.29 0.21 0.65 | 0.75 | 0.51
3 0.23 0.23 0.18 | 0.37 0.21 0.19 0.16 | 032 | 1.11
4 0.24 024 |0.17 | 0.38 0.23 0.18 0.29 1 0.41 | 0.60
5 0.20 026 |0.16 | 0.37 - - - - -

On the seat surface, the acceleration values determining the risk are along the y axis in two cases,
along the X axis in two cases and along the z axis in one case. The acceleration values determining the
risk are in the range 0.23 + 0.38 m/s%. In terms of risk for the operator, the tractors can be ordered as
follows (from the lowest to the highest vibration values): 3,4, 5, 1, 2.

On the cabin floor, the sum vectors are between 0.32 and 0.87 m/s>. In this case, the tractors can be
ordered as follows (from the lowest to the highest acceleration values): 3, 4, 2, 1. According to the SEAT
values, the seat attenuates the vibrations (0.41 + 0.60) in three cases (tractors 1, 2, 4), while it increases
the vibrations (1.11) in one case (tractor 3). The SEAT value of tractor 5 is not available. In terms of
SEAT (from the lowest to the highest value), the seats can be ordered as: 1, 2, 4, 3.

Referring to tractor 1, the frequencies of the main vibration components on the seat surface are in the
range 1.3 + 1.6 Hz (x-axis), 1.6 = 2 Hz (y-axis), 2 + 2.5 Hz (z-axis). On the cabin floor, they are in the
range 2 + 2.5 (x-axis), 1.6 + 2 Hz (y-axis), 2 + 2.5 Hz (z-axis). The resonance frequency of the seat is 1.6
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Hz and it is lower than the excitation frequency (2 + 2.5 Hz). The transmissibility is equal to 2.0 at the
resonance frequency.

Referring to tractors 2, 3 and 4, the frequencies of the main vibration components on the seat surface
and on the cabin floor are equal to 12.5 Hz (X-axis), in the range 12.5 + 16 Hz (y-axis), in the range 2.5
+ 3.2 Hz and equal to 12.5 Hz (z-axis). The resonance frequency of the seat is in the range 3.2 + 4 Hz; it
is equal to or higher than the excitation frequency (2.5 + 4 Hz). The transmissibility is equal to 1.8 at the
resonance frequency.

Referring to the crest factor, the results were similar to those for ploughing. During harrowing, the
crest factor measured along the three different axes (3.6 + 8.2) is generally lower than 9.0 . It may be
over the limit only during turning operation.

3.3 Translation on farm roads

The accelerations measured on farm roads (paved with asphalt, dirt or gravel) while tractors were
travelling at speeds in the range 16.6 + 19.3 km/h without the trailer wagon are shown in Table 5. Accel-
eration values for tractor 4 are not available.

On the seat surface, the acceleration values determining the risk were found along the z axis in eight
cases, along the y axis in three cases and along the X axis in one case. The acceleration values determining
the risk are in the range 0.31 + 0.48 m/s? (asphalt), 0.58 + 0.83 m/s? (dirt), 0.89 = 0.95 m/s? (gravel).
Similar results were obtained while tractors were travelling with the trailer wagon: the mean value of the
absolute difference between the two values (with and without the wagon) and the associated standard
deviation are equal to 0.02 + 0.01 m/s? (asphalt), 0.05 + 0.05 m/s? (dirt), 0.07 = 0.05 m/s? (gravel). In
terms of risk, the tractors can be ordered as follows (from the lowest to the highest vibration values): 1,
3, 5,2 (asphalt); 1, 3, 2, 5 (dirt); 5, 3, 2, 1 (gravel).

On the cabin floor, the sum vectors are between 0.39 and 0.59 m/s? (asphalt), 0.81 and 1.47 m/s? (dirt),
1.27 and 2.06 m/s? (gravel). In this case, the tractors can be ordered as follows (from the lowest to the
highest acceleration values): 5, 3, 1, 2 (asphalt and dirt); 5, 3, 2, 1 (gravel).

Table 5: acceleration measured during translation over farm roads without wagon

Tractor | Road P aved Seat surface (m/s?) Cabin floor (m/s?) SEAT
No. with
l4awx | 1.4awy | awz | awv | 1.4awx | 1.4awy | awz | awv
asphalt 0.27 0.27 0.31 | 0.49 0.14 0.21 0.40 | 048 | 0.77
1 dirt 0.54 0.53 0.58 | 0.96 0.34 0.44 1.09 | 1.22 | 0.54
gravel 0.95 0.86 0.85]1.53 0.63 0.71 1.82 |1 2.06 | 0.46
asphalt 0.26 0.48 0.38 | 0.67 0.11 0.33 0.48 |1 0.59 | 0.80
2 dirt 0.56 0.53 0.75 | 1.08 0.29 0.40 1.38 | 1.47 | 0.55
gravel 0.71 0.89 093 | 1.47 0.41 0.65 1.77 | 1.93 | 0.52
asphalt 0.25 0.34 0.35]0.55 0.15 0.26 0.36 | 0.47 | 0.98
3 dirt 0.40 0.52 0.70 | 0.96 0.28 0.40 0.83 1 0.96 | 0.85
gravel 0.62 0.84 091 | 1.39 0.43 0.64 1.27 | 1.49 | 0.72
asphalt 0.24 0.38 0.23 | 0.51 0.11 0.27 0.25 ] 0.39 | 0.95
5 dirt 0.58 0.64 0.83 | 1.20 0.24 0.49 0.60 | 0.81 | 1.38
gravel 0.56 0.89 0.62 | 1.22 0.37 0.65 1.02 | 1.27 | 0.61

The SEAT values indicate that the seat attenuates the vibrations (0.46 + 0.98) in fourteen cases, while
it increases the vibrations (1.38) in one case. The seats gradually less effective in reducing the vibrations
can be ordered as follows: 1, 2, 5, 3 (asphalt and gravel); 1, 2, 3, 5 (dirt).

On asphalt, the frequencies of the main vibration components measured on the seat surface are in the
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range 2.5 + 3.2 Hz (X-axis), 1 = 1.6 Hz (y-axis), 2.5 + 3.2 Hz (z-axis); those of the main vibration com-
ponents measured on the cabin floor are in the range 2.5 + 6.3 (x-axis), 1 + 1.3 Hz (y-axis) and 3.2 Hz
(z-axis). The seat resonance frequency is in the range 1 + 2.5 Hz, always lower than the excitation fre-
quency (3.2 Hz). The transmissibility is between 1.2 e 3.7 at the resonance frequency.

On dirt, the frequencies of the main vibration components measured both on the seat surface and on
the cabin floor are in the range 2.5 + 3.2 Hz (X-axis), 1 + 6.3 Hz (y-axis), 2.5 + 3.2 Hz (z-axis). The seat
resonance frequency is in the range 1.3 + 1.6 Hz; it is lower than the excitation frequency (2.5 + 3.2 Hz).
The transmissibility is between 1.6 e 2.8 at the resonance frequency.

On gravel, the frequencies of the main vibration components measured both on the seat surface and
on the cabin floor are in the range 2.5 +~ 3.2 Hz (x-axis), 1 + 6.3 Hz (y-axis), 2.5 + 3.2 Hz (z-axis). The
seat resonance frequency is in the range 0.8 +~ 1.6 Hz; it is lower than the excitation frequency (2.5 + 3.2
Hz). The transmissibility is between 1.3 e 2.7 at the resonance frequency.

The crest values along the three axes are lower than 9.0 for all three different pavement types: 2.5 +
3.8 (asphalt), 3.4 = 4.9 (dirt), 2.6 = 4.5 (gravel).

4. Observations

4.1 Axis determining the risk for the operator

During ploughing operations (speed in the range 5 + 7 km/h), the vibrational axes determining the risk
for the operator are the y-axis (4 cases) and the x-axis (1 case). These axes become important due to the
roll and pitch effects, respectively, which are primarily generated by the irregular surfaces on which the
tractor is working. The roll effect is mainly due to the fact that two wheels operate on soft soil, while the
other two proceed on unploughed soil, which is more compact. Many studies in the literature underline
the relevance of the transversal vibrations in agricultural tractors [3,4].

During harrowing operations (speed equal to 2 km/h), the vibrational axes determining the risk are the
y-axis (2 cases), the x-axis (2 cases) and the z-axis (1 case).

During translation on farm roads (paved with asphalt, dirt or gravel) without wagon and at high speed
(17 = 19 km/h), the vibrational axes determining the risk are the z-axis (8 cases), the y-axis (3 cases) and
the x-axis (1 case). This behaviour is justified by the fact that the road surface is much more uniform than
the agricultural soil, so rotational vibrations turn out to be less important. On the other hand, vertical
vibrations are more significant, like in common transport vehicles.

4.2 Acceleration values determining the risk and crest factors

During ploughing, acceleration values determining the risk are between 0.86 and 1.15 m/s?, always
above the daily exposure action value (0.5 m/s?) and for tractor 5 also equal to the daily exposure limit
value (1.15 m/s?). Both daily exposure values are defined over 8 hours of exposition by the European
Directive 2002/44/CE. The very high vibration values which were found are due not only to the rotational
vibration and the inhomogeneity of the soil, but also to the kind of work that greatly stresses the tractor
as well as to the continuous adjustment that the driver has to make on the steering wheel.

During harrowing, thanks to the low speed and the soft soil, the acceleration values determining the
risk are in the range 0.23 m/s>+ 0.38 m/s?, always lower than the daily exposure action value.

During translation on farm roads without the farm wagon, the acceleration values determining the risk
strongly depend on the roughness of the surface: 0.31 + 0.48 m/s? (on surfaced road), 0.58 + 0.83 m/s>
(on dirt road), 0.89 + 0.95 m/s (on gravel road). It can be noticed that the acceleration values are lower
than the daily exposure action value only during translation on the surfaced road. In addition, in all the
translation conditions, the presence of the farm wagon has no influence on the vibration values due to
the fact that it does not transmit loads to the tractor axles. According to the ISO 2631-1 standard, the
adopted evaluation method is accurate and does not underestimate the effects of vibration, since the crest
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factor never exceeds the value 9. Only when the tractor needs to turn at the end of the path the observed
crest values are slightly higher than 9.

4.3 Ranking of the tractors based on the accelerations determining the risk

Considering the acceleration values determining the risk during ploughing activities, tractor 4 pro-
vided the best results while tractor 5 the worst ones. During harrowing activities, tractor 3 showed the
best results while tractor 2 the worst ones. During translation on a surfaced road the lowest accelerations
were measured on tractor 1 while the highest ones on tractor 2. Tractor 1 also proved to have the best
performance on a dirt road while tractor 5 exhibited the highest values. On the other hand, during trans-
lation on a gravel road, tractor 5 showed the lowest acceleration values while tractor 1 the highest ones.

The above results highlight how the experimental data are not in line with what could be expected
considering the kind of vibration control system each tractor was equipped with. This is well documented
in the literature [3,4].

4.4 Ranking of the tractors based on the overall accelerations at the base of the seat

The overall vibration at the base of the seat is expressed in terms of vector sum of the acceleration
measured along the three axes. In this regard, during ploughing the lowest overall acceleration was meas-
ured on tractor 1, while the highest one on tractor 5. During harrowing, tractor 3 was the best and tractor
1 the worst one. During translation with no farm wagon, the lowest vibration values were measured on
tractor 5 for all the types of road investigated, while the highest values were measured on tractor 2 on
surfaced and dirt roads and on tractor 1 on the gravel road. Consistently with the previous analysis, the
expected rating of the tractors performance was not confirmed by the experimental results.

4.5 SEAT values and effectiveness of the seats

The SEAT descriptor provides information regarding the effectiveness of the seat in attenuating vi-
bration. This parameter is not a characteristic of the seat because it depends on the frequency content of
vibrations measured on the cabin floor and therefore on the operating conditions and the vehicle charac-
teristics. In addition, the SEAT depends on several aspects related to the driver (weight, posture, volun-
tary and involuntary movements, seat settings). Voluntary and involuntary movements generate acceler-
ations on the seat surface which are not related to the vibration transmitted from the cabin floor.

Analysing the seats of the investigated tractors, it can be observed that in 19 condition out of 21 they
attenuate the vertical vibration by approximately 30%, with the SEAT value varying within the range
0.41 = 0.98 (average SEAT 0.70 = 0.17). Only in two cases the vibration is amplified by the seat: for the
seat of tractor 3 (table 4: SEAT = 1.11), and for the seat of tractor 5 (table 5: SEAT = 1.38). However,
this unexpected behaviour might be due to the excessive movements of the operator.

By excluding the above two cases, it turned out that the mechanical seat of tractor 1 is the most effi-
cient in attenuating the vibration in 4 conditions out of 5 (average SEAT 0.59 + 0.17). The pneumatic
seat mounted on tractors 2, 3, 4 has an average SEAT value equal to 0.73 £+ 0.16. The semi-active seat
mounted on tractor 5 is the least effective, with an average SEAT of 0.81 + 0.18. Again, the experimental
analysis highlights an inversion of the trend one would expect on the basis of the technology level of
each seat.

4.6 Frequency analysis: dominant components, resonances and seat excitation

The dominant frequencies of vibrations measured both on the cabin floor and on the seat surface along
the three orthogonal axes were between 1 and 3.2 Hz or, in a few cases, between 1 and 6.3 Hz. Only
during the harrowing activity, did the dominant frequencies of vibrations measured on the seat surface
of tractors 2, 3, 4 and 5 shift in the range 12.5 + 16 Hz, probably due to the power take off caused by the
harrow rotation at 1000 rpm.
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The seat resonance frequency was determined from the transmissibility curve. In theory, this curve
should be an intrinsic characteristic of the seat because it does not depend on the frequency content of
the vibration measured on the floor, namely it does not depend on the operating conditions or the char-
acteristics of the vehicle. Unfortunately, this is not true in practice as it is influenced by the driver and
the settings applied to the seat. The resonance frequencies of the investigated seats generally fell within
the range 1 + 1.6 Hz. The excitation frequency was within 2 Hz and 3.2 Hz. However, during the har-
rowing activity performed by tractors 2, 3 and 4, the resonance frequencies of the seat were found in the
range 3.2 + 4 Hz, and the excitation frequencies between 2.5 +~ 4 Hz.

5. Conclusions

The results of this study showed that during the ploughing activity the vibration values determining
the risk for the operator are higher than the daily exposure action value defined in the European Directive
2002/44/CE. In this respect, the most significant contribution was given by the transverse vibration, due
to the roll of the tractors. Lower vibrations were measured during the harrowing activity, and they never
exceeded the daily exposure action value. The vibration measured during the translation on a farm road,
with or without the farm wagon, were strongly dependent on the surface roughness. During translation
on a surfaced road, the vibration values were lower than the daily exposure action value while on a dirt
or gravel road they were higher. The risk for the operator is mainly determined by vertical vibration.

The tractor performance determined according to the vibration measured both on the seat surface and
on the cabin floor strongly depends on the operative conditions. The experimental results did not confirm
what could be theoretically expected based on the technological level of the equipment. In addition, the
ranking of the seats was completely inverted: the most advanced seat with a semi-active vibration control
provided the worst performance while the mechanical seat assured the best performance. In conclusion,
as far as possible, new vibration control systems should be designed to be effective in a wider range of
different working conditions. Moreover, it would be necessary to find solutions able to reduce the roll of
the vehicle during ploughing.
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