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Abstract - During everyday operations with tractors, drivers
are exposed to harmful effects of various factors. One of the
negative factors are vibrations deriving from driving
aggregates and implements combined with the rough soil.
These oscillatory loads are transferred to the cab, and
through the floor and the seat to the body of the driver. In
case of high level vibrations and during a long period of
exposure to them, many health problems occur. Harmful
effect of the vibrations is especially obvious in older models
of tractors which don't have proper suspension, but are
equipped with simple mechanical seats.. During measuring of
vibrations at the seat of the driver, high intensities of
vibrations were found, above permitted limits. A quality seat
and suspension as well as good tires affect both the
intensities of vibrations and their reduction. Organizational
measures such as shorter working shifts and a change of
drivers can only reduce the level of daily exposure, but can’t
affect neither the intensity of vibrations nor their reduction.
On the other hand, the drivers’ awareness of vibrations’
harmful effect, detailed trainings and drivers’ experience can
affect the vibration level significantly. This work presents an
attempt to show the effect of drivers’ experience on the
intensities of vibrations. A skillful driver, i.e. the performance
of his driving, can have considerable influence on vibration
level, with the effect more obvious in older tractor models
than in new ones. The measurement results, with three
different drivers (in the same working conditions: the same
tractor model, type of soil and working operation), show how
influential for the vibration level the driver’s skills i.e. well-
performed driving are. A skillful driver, in almost same
working conditions, can reduce vibration levels even 20 times
in comparison to an inexperienced one.
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1. INTRODUCTION

Without a doubt, agricultural tractors have contributed
enormously to the efficiency of agricultural operations
making them easy and, in some cases, eliminating human
labor completely. On the other hand, during their everyday
activities, tractor drivers are exposed to many harmful
influences which have complex negative effect to the health
and hinder drivers’ performances. These influences come
both from the tractor system (noise, inadequately designed
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controls) and from the working conditions (precipitation, high
relative humidity, dust, agriculture chemicals, high or low
temperatures etc.). One of the important negative factors are
vibrations [1]. Namely, during the operations, the entire
tractor construction is subject to complex oscillatory
processes induced by the combined influences of rough soil
and a tractor aggregate and its implements. These high levels
of vibrations that arise in such a complex system like the
tractor are transferred from the cab floor to the seat and on to
the whole body of the driver.

Vibrations can have high values and unfavourable frequencies
imposing great risk to the driver's health. Because of
combined influences of vibrations and other occupational
health risks, it is not always possible to establish the
correlation between the effect of vibrations and the illness of
drivers. However, numerous scientific studies, bio-dynamic
models and present knowledge of human body show that
prolonged exposure to high-level vibrations can lead to low-
back injuries, digestive system illnesses and cardio-vascular
problems [2-6].

The harmful impact of vibrations is especially evident in
older models of tractors which are not equipped with
appropriate suspension system for shock and vibration
absorption. The case of modern models, from that aspect, is
better because they are equipped with improved suspension
systems and seats. However, in comparison to improvements
in the categories of power, fuel consumption, velocity or
electronic controls, there is still room for additional
improvements in protection of drivers from vibrations.

In Serbia there are 410 894 tractors, most of which (about
350 000) were manufactured by a Serbian manufacturer
IMT - Industrija motora i traktora Beograd and all of them
are more than 20 years old [7]. During the development of the
tractors, from the aspect of oscillations, little attention was
paid to comfort in driving in different working conditions, i.e.
to tractors’ capacity to reduce the negative influence of the
oscillation of individual components on the driver to the least
possible extent. In these tractors, shock absorption is done by
tires and mostly simple mechanical seats, without additional
suspension systems. Even today, this manufacturer considers
optimizing of the elastic suspension system as a significant
cost in production. The measurements of vibration levels at
IMT tractor seats and their evaluations showed that the daily
levels of exposure to vibrations were high [8].
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A quality seat, suspension system and good tires affect both
vibration levels and their reduction, but they are too
expensive for farmers. Organizational measures such as
shorter working shifts and a change of drivers can only reduce
the level of daily exposure, but can’t affect neither the
intensity of vibrations nor their reduction. On the other hand,
the drivers’ awareness of vibrations’ harmful effect, detailed
trainings and drivers’ experience can affect the vibration level
significantly.

This paper is an attempt to learn how much a well-performed
driving, i.e. the experience of a driver affect the level of
vibrations. A skillful driver, i.e. the performance of his
driving, can have considerable influence on vibration level,
with the effect more obvious in older tractor models than in
new ones

2. THE METHOD OF MEASUREMENTS

For the purpose of vibration level measurements (RMS
accelerations), IMT 533 and 539 tractor models were used.
The models have almost the same characteristics and they are
said to be the most numerous models in Serbia. All of the
tractors are equipped with simple mechanical seats and have
the same engine - IMR M33/T, with the power of 35 to 39
HP. The difference was in the date of manufacturing, and the
measuring was performed during plowing ( the depth of 25
cm), during which high vibration levels occur. The average
velocity of the tractors was 5km/h. The plowing was
performed with two-furrow plows, on a similar types of soil.

Fig 1. Tractor No 1 IMT 539

Tractor No. 1., IMT 539, was manufactured in 1990, with
about 1300 hours at the moment of measurement (fig. 1). The
driver weighted 90 kg and was 187 cm tall and had 10-year
experience in operating with the tractor whose number of
hours was small.

The tractor No 2. was also IMT 539, manufactured in 1987,
and had, at the moment of measuring, 5500 hours (fig 2). The
driver weighted 75 kg, and was 173 cm tall, with 30 years of
experience in working with tractors.

Fig 2. Tractor No 2 IMT 539

Tractor No 3 was IMT 533, manufactured in 1978., with over
10 000 hours at the moment of measuring. (two overhauls).
The driver weighted 81 kg and was 175 cm tall with the
longest experience of all three drivers in driving tractors
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Fig 3. Tractor No 3 - IMT 533

Table 1. Relevant data

Driver's
. Tractor ~ Manufactured experien  Driver's
Driver .
model in ce age
(years)
1 IMT 539 1990. 10 45
2 IMT 539 1987. 30 63
3 IMT 533 1978. 35 60

For the measuring of vibration level a human vibration
measuring device was used. The model was Briiel & Kjar
Type 4447, with an accelerometer enclosed in a rubber pad,
placed on the driver's seat (fig. 4)

Each measuring lasted at least 20 min, when the device
displayed (except RMS acceleration values along all three
axes) the level of daily exposure of drivers to vibrations A(8)
for the reference time of 8 working hours. Obtained values
were compared to the highest permitted values specified in
EU Directive 2002/44/EC [9] and in Serbia specified in
Serbian Rulebook of Safety precautions during exposure to
vibrations [10].
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Fig. 4. Human Vibration Analyzer Type 4447
In case of daily exposure to whole body vibrations, two
values were suggested: an exposure limit value (ELV) which
in professional working conditions must not be exceeded and
is 1,15m/s’ and exposure action value (EAV), above which
employers must control health risks deriving from vibrations
and which is 0,5m/s’.

3. RESULTS

During the measurements, RMS values for all three axes were
obtained. The highest values in all three cases were along X-
axis, i.e. along the direction of tractors’ motions (Table 2).

Table 2. Intensities of RMS accelerations

max RMS acceleration

Driver Tractor model [m /32]
1 IMT 539 8.942
2 IMT 539 4.494
3 IMT 533 0.824

In order to compare to legally permitted values (Table 3),
with these obtained values the daily level of exposure can be
calculated for 8-hour reference time A(8) which is usual
working shift. Obtained values show what the daily value of
exposure of the driver would have been, if he had spent 8
hours of his shift operating with the tractor, without any
interruptions, with the values of acceleration measured. The
instrument itself calculates daily level of exposure for 1 hour-
A(1), 4 hours — A(4) and 8 hours of continuous work - A(8),
which makes possible to analyze values in case the driver had
spent half the shift (or 1 hour only) driving, and the rest of the
time performing some other activities not related to driving or
having breaks during the shift.

In order to calculate daily values of exposure for different
periods of exposure, an appropriate free software for
calculating daily values of exposure A(8) for given periods is
available.

——

Table 3. Daily levels of exposure

Tractor  pajly level Timeto  Timeto

Driver model of exposure EAV ELV
A(8) m/s? [h:min] [h:min]

1 IMT 539 12.519 00:00 00:04

2 IMT 539 6.292 00:03 00:16

3 IMT 533 1.153 01:30 07:56
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4. DISCUSSION

The technical features of tractors, during measuring, were
almost identical, with IMT 539 a bit more better than IMT
533 in terms of power and date of production. The daily
levels of exposure of the drivers to vibrations were above the
highest permitted values in all three cases. Mostly, that was
because of the life of the tractors and the fact that the design
and construction of the tractors dated 40 years ago, when
ergonomic requests were not observed. Outdated suspension
and seats cannot absorb vibrations, generated during the work
of old diesel engines that are parts these tractors, combined
with the rough soil. However, the expectations of new models
to reduce the vibration levels haven’t been fulfilled, which
indicates that some other factors, such as the quality of
driving, may affect the vibration level at the driver’s seat
significantly.

The measuring of vibrations at the seat of the first tractor
lasted 25 min, and the calculation for 8-hour reference time
gave extremely high daily level of exposure
A(8)=12,519m/s?, which is almost 10 times higher than
legally permitted value (Fig. 5). A driver mustn't operate this
tractor more than 4 min. This tractor was the best in terms of
technical conditions, with the least number of hours.

weighting:
Start time:
Elapsed time:

Vihols-body
21122013 12:58:09
00:25:12

Name Unit % v z WY A(l): 4,426 [m/fs2]
M3 Imis2] 5942 0,000 3,147 12909 A(4): 8,352 [m/s2]
WYY s3] a1 E13 1,545 60803

VDY [més1 75] 160,212 0968 146563 267940 A(8): 12519 [m/s2]

VDVEN [mis1 75] 468,581 2,831 306,187
Peak [mis2] 279,676 1852 485786
oF 31,274 Ma 154,329
Factor 1,40 1,40 1,00

Overiond S —

Underrange

559,756 Time to reach EAV:  00:00

Time toreach ELV: 00:04

Fig 5. Values of acceleration and levels of daily exposure for
tractor No 1. IMT 539

The measuring of vibrations at the seat of the second tractor
IMT 539 lasted 48 min, and obtained daily level of exposure
A(8)=6,292 m/s*> was more than 5 times higher than legally
permitted value. A driver could operate this tractor for only
16 min., when the permitted value of exposure would be
reached (Fig.6).

Weighting: Whole-body
Start time: 2842013 14:45:50
Flapsed time: 00:48:10
Name Unit X ¥ z viv[ A1) 2,224 [m/s2]
RIS 2] 1494 0,000 3832 1E OA(4): 4,449 [m/fs2]
NTVW [mis2] 22,899 0,208 13,083
VoV [mis1.75] 54771 0352 44408 88612 A(8): 6,292 [m/s2]
VOViEk [mis1.75] 136,240 08T 7832 157441 Timetoreach EAV: 00:03
Peak mis2] 55,352 0411 39465
cF 12,426 NA 10,297 Time to reach ELV:  00:16
Factor 1,40 1,40 1,00
Overiad [ W W[ He
Underrange [T (T

Fig 6. Values of acceleration and levels of daily exposure for
tractor No 2. IMT 539
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The model of IMT 533 was, in terms of technical conditions,
the worst in comparison to other two tractors, but the level of
daily exposure was nearly at the limit value. A driver could
operate this tractor almost full 8-hour working shift. It seems
that this driver performed the plowing better and faster,
although this tractor moved at the same velocity like two
other tractors.

Weighting:
start time:
Elapsed time:

Whale-hody
2.4201410:0209
00:21:05

A(L): 0,407 [m/s2]
A(4): 0,815 [m/s2]
A(8) 1,153 [m/s2]
Time to reach EAV:
Time to reach ELV:

Unit ® ¥ z
[mis2] 0,824 0,509 0615
[mis2]

[mis1.75]
WOV(E) [mis1.75] 21892
Peak [mis2] 4915 3128 4,036
CF 5984 6135 £,560
Factor 1,40 1,40 1,00

Overioad [ N —

Underrange

VTV
1,489

Mame
RMS
MTWY
WO

2209
7,093

1,410
4,357
13,324

1,948
5,347
11880

12,822

28,003 01:30

0756

Fig 7. Values of acceleration and levels of daily exposure for
tractor No 3. IMT 533

5. CONCLUSION
The measurements of vibration levels in three IMT tractors

(models 533 i 539) showed that when plowing with these
tractors, drivers face health risks from vibrations. Although
the working conditions and working modes were similar, the
lowest levels of vibrations were in the oldest tractor, IMT
533, which was operated by the most experienced driver. On
the other hand, the first tractor IMT 539 was manufactured 10
years after the third one, but was operated by a relatively
inexperienced driver, so the values of daily exposure reached
unacceptable figures, ten times more than legally permitted
ones. It indicates the importance of experience in driving
tractors, not only in terms of vibration levels, but also in
terms of drivers’ safety.

Without a doubt, technical measures affect the level of
vibrations and their reduction. However, one should always
keep in mind that the vibration levels, and especially their
spreading, is also affected by a driver himself. A skilled and
experienced driver, who is familiar with his vehicle and aware
of harm from vibrations as well, will be able to affect the
vibration levels efficiently. The experience of drivers is
especially obvious in driving tractors without proper shock
and vibration absorption system.

——

6. REFERENCES

[1] M.Bovenzi et al., An epidemiological study of low
back pain in professional drivers, Journal of Sound
and Vibration 298 (3) (2006) 514-539.
H.C.Boshuizen et al., Self-Reported Back Pain in
Tractor Drivers Exposed to Whole-Body Vibration,
International  Archives of Occupational and
Environmental Health. 62 (1990) 109-115.

0.0. Okunribido, M. Magnusson, M.H. Pope, Low
back pain in drivers: The relative role of whole-body
vibration, posture and manual materials handling,
Journal of Sound and Vibration 298 (3) (2006) 540-
555.

M.Bovenzi, C.T.Hulshof, An Updated Review of
Epidemiologic Studies on the Relationship Between
Exposure to Whole-Body Vibration and Low Back
Pain, Journal of Sound and Vibration 215(1998)
595-611.

M.Futatsuka et al., Whole-Body Vibration and
Health Effects in the Agricultural Machinery Drivers,
Industrial Health. 36(1998) 127-132.

B.Cvetanovi¢, J.Jovanovié, A review of harmful
effects to the health of tractor drivers from the
impact of whole body vibration, Tractors and power
machines 18 (3) (2013) 58-65.

A.J.Scarlett, J.S.Price, R.M.Stayner, Whole — body
vibration: Evaluation of emission and exposure levels
arising from agricultural tractors, Journal of
terramechanics 44 (2007), 65-73.

B.Cvetanovi¢, D.Zlatkovi¢, Evaluation of whole-
body vibration risk in agricultural tractor drivers.
Bulg. J. Agric. Sci. 19 (2013) 1161-1166.

I.Hostens, K.Deprez, H.Ramon, An improved design
of air suspension for seats of mobile agricultural
machines, Journal of Sound and Vibration, 276(1-2)
(2004) 141-156.

Agricultural list 2012 - Agriculture in the Republic of
Serbia, Institute of Statistics, 2012.

European Parliament and the Council of the
European Union: Directive 2002/44/EC on the
minimum health and safety requirements regarding
the exposure of workers to the risks arising from
physical agents (vibration), 2002., Official Journal of
the European Communities, OJ 1 177,13

The Official Gazette of Republic of Serbia, No.
101/05, Rulebook of Safety precautions during
exposure to vibrations, 2005.

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

166

—


http://www.sciencedirect.com/science/article/pii/S0022460X06004585
http://www.sciencedirect.com/science/article/pii/S0022460X06004585
http://www.sciencedirect.com/science/article/pii/S0022460X06004779
http://www.sciencedirect.com/science/article/pii/S0022460X06004779
http://www.sciencedirect.com/science/article/pii/S0022460X06004779
http://www.sciencedirect.com/science/article/pii/S0022460X0300957X
http://www.sciencedirect.com/science/article/pii/S0022460X0300957X
http://www.sciencedirect.com/science/article/pii/S0022460X0300957X

