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VIBRATIONS ON DRIVER POSITION OF AGRICULTURAL TRACT OR DURING
MEADOW MOWING USING HIGH EFFICIENT DISC MOWERS

Summary

The paper concerns the subject of vibrations imitigeon driver body, generated by high efficient diewers while mow-
ing and during transport on public roads and didads. Information about accelerations of the head the seat of ma-
chine operator were collected. Then these data werserted to the characteristics, which were coragawith the limit
values specified in ISO 2631. Allowable exposumesi of the human body to the vibrations were defamal assessment of
the risk of loss of control over the machine byation was performed.

Key words operation of machinery, agriculture, health, safetyowing, disc mowers, mechanical vibrations, Miora
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DRGANIA NA STANOWISKU KIEROWCY CI AGNIKA ROLNICZEGO PODCZAS
KOSZENIA £ AKI Z ZASTOSOWANIEM WYSOKOWYDAJNYCH
KOSIAREK DYSKOWYCH

Streszczenie

W artykule podjto tematyk wptywu wibracji na organizm kierowcy, generowanychez wysokowydajne kosiarki dysko-
we, podczas realizacji procesu technologicznegaéda oraz podczas przejazdéw transportowych pgalrio publicz-
nych i polnych. Zgromadzono informacje o przebibgpazyspiesze glowy oraz siedziska operatora agregatu. Dane te
poddano nagpnie przeksztalceniom i uzyskano charakterystydiekskonfrontowano z wagciami dopuszczalnymi okre-
slonymi w normie 1SO 2631. Zdefiniowano dopuszczehasy ekspozycji na drgania dla organizmu cztoaviekokonano
oceny naraenia na niebezpiecazstwo utraty kontroli nad prowadzonym zespotem wikuywibracji.

Stowa kluczoweeksploatacja maszyn, rolnictwo, zdrowie, bezpgstavo, koszenie, kosiarki dyskowe, drgania mecha-
niczne, wibracje, badania polowe, pomiary przyspésfiltrowanie sygnatow

1. Introduction 2. Purpose of research

Mechanical vibrations existing in nature accomptrey
man in various fields of activity. The continuoussie to
improve the quality of life with the participatiaf modern
machinery and equipment causes increasing numbgmreof
sources of vibration harmful to humans. This asjeegar-
ticularly important in agriculture, which uses highad- pared with the limit values set out in the leganstards,
vanced and efficient machines. In this case thedm# a which define the acceptable amplitude limits of ddera-
moving unit, type of maneuver and the type of agrotions of vibration acting on the human body.
technical operation have the significant impacttioa na-
ture of vibration. In addition, the conditions undehich
the entire process is carried out causes larges|padrking
on the heterogeneous ground containing obstacles @si The farm tractor Deutz Fahr Agrotron X720 wasabe
stones and branches). Emerging vibrations transthitd  ject of research. Tractor had a mass of approx f,Cand
the operator's seat can damage the human bodynhpt owas aggregated with a set of high-performance miswers
biologically, but also in terms of deteriorationtbfe func- with a total weight of approx. 2.5 t (fig. 1). Tlk& con-
tional capabilities [6] and depending on the leeklibra-  sisted of the following elements:
tion may exert different effects. However, in radatto the - Two mowers NOVACAT 8600 ED, attached to the rear
conducted considerations the most severe is imgairof  three-point hitch,
perception, which may cause sudden unintended ehemg - One mower NOVACAT 301, attached to the front
direction of movement. As a result, mowing becoress three-point hitch.
efficient. In extreme cases, this can lead to sitna that The vibrations were recorded with accelerationseen
threaten the health and life of the operator. [4, 5]. Two measuring points were chosen. One semas

In the Industrial Institute of Agricultural Engieeng in  placed on the tractor operator seat. The secamgbsevas
Poznan there was conducted a research on the sfiéct mounted on the head. The sensors, measured thieracce

Direct aim of the study was to determine the \tibra
acceleration waveforms on the seat and on the btad
agricultural machine operator. Experiments withfedént
speeds and for various maneuvers during operatidrdar-
ing transport were performed. The obtained datawem-

3. Object of research

mowing process on emerging vibration and the impudict
vibration on the human body was assessed.
periments, a set consisting of three large disc en@Wottinger
brand and Deutz Fahr tractor was adopted.
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tion in three mutually perpendicular directions: the op-

For tke eerator seat &, & s & sand on the headg & 4 & ¢

In fig. 2 there are shown the directions in whibke meas-
urement of accelerations was performed.
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4. The test procedure and results

The assessment of human exposure to vibratiomgavi
a general impact on the body was made by specttiod
in accordance with 1ISO 2631 [2]. In fig 6 theresflown a
procedure signal processing. Obtained RMS valueacef
celeration were referenced to the limit values ibfration
acceleration [1], taking into account the timeladit impact
on the human body.

4.1. The research while mowing

The tests were carried out on the grassy groutichet
e tor speeds 5,0; 8,0 and 12,0 kih-fihe object of research
Source: own work IS presented in fig. 4.

Fig. 1. Tractor Deutz Fahr Agrotron X720 with a sut
Pottinger mowers

Rys. 1. Gignik rolniczy Deutz Fahr Agrotron X720 z ze- |
stawem kosiarek dyskowych marki Pottinger ‘

Qg
y acq
Accelerations sensor
Source: ow ork
Fig. 4. The research object during mowing
Rys. 4. Obiekt badigpodczas koszenia
Tests were carried out during straight driving aoting
s turning at the end of the field. The duration afirsgle experi-
ays ment was 5 minutes, to obtain stationary wavefoBh |

In fig. 5 there is shown a vertical acceleratiohdriver's seat

/ (in the z-direction) during mowing at the speeé &m - H.
Accelerations sens

Source: own work

Fig. 2. Directions of accelerations measurement
Rys. 2. Kierunki pomiarowe przyspiesnegai

The acceleration sensors (used during research) ar
three- direction piezoelectric sensors PCB Pienits
type 356A02. The mass of one sensor amounted &®dL.0,
Sensors to cards V8 LMS SCADAS Recorder V/ICP/TEDS
8-channel, 24-bit were connected. The samplingukaqy
amounted to 400 Hz. In fig. 3 computer with anatyze
used during research is shown.

Vibration acceleratiot [m-<?]

E‘EI 100 Wélj ZEiIEI ZéD 300
Time[g]
Source: own work

Fig. 5. The signal recorded on operator' s seatrespond-
ing to vertical vibrations (z-axis direction) dugnmowing

at a speed of 5 kmth

Rys. 5. Sygnat zarejestrowany na siedzisku opexater
prezentujcy drgania pionowe (kierunek osi z) podczas ko-
szenia z pdkascig 5 km-H

The data were then transformed (as shown in Jigafeer
that the RMS values of the acceleration were catiedland it
Fig. 3. Computer cooperating with SCADAS Recordex-a was applied to the time charts (fig. 7). The lindid exceed

Source: own work

lyzer neither the horizontal nor the vertical directidhus, it is pos-
Rys. 3. Komputer wspotpraauay z analizatorem SCADAS sible to mow with this speed for 8 hours a dayheuit adverse
Recorder effects of vibrations on the human body.
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Signal recorded during research

Frequency distribution of signal
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Fig. 6. A diagram of signal processing to obtairoRblean Square of vibration accelerations in fregeyeedomain
Rys. 6. Schemat obrébki sygnatu zastosowany wokedsienia wartaici skutecznych przyspiegzargai w dziedzinie gz

stotliwasci

T T T T T
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Source: own work
Fig. 7. Root Mean Square of vertical acceleratignsaxis
direction) in frequency domain on operator' s sdating
mowing at a speed of 5 krit-h
Rys. 7. Wartéci skuteczne przyspiegzdrgai pionowych
(kierunek osi z) na siedzisku operatora podczagea z
predkascig 5 km-H

However noticed, that for all cases the sensarsrded
higher vibrations on the head, than on the opemgmat.
Therefore, next results only for measurements enhiébad
are presented (less favorable case). For the wosgeed 8

4.2. Research while transport

First test was performed during driving in a @tclhe
maneuver was executed on a meadow. A method e
radius of the track was used in the research. Aliegito the
recommendations of ISO 4138 [3, 7], path radiud slod be
less than 30 m for non-standard research objeetsfor ex-
ample such as high-efficiency system of disc mowmars
stalled on the agricultural tractor. Hence, thidiua 40 m
was established. The tests for two speeds of drivere
executed: for 8 kmthand 12 kmH. In fig. 10 there is
shown Root Mean Square of accelerations in frequeoe
main during driving in a circle at a speed of 12-fkmde-
termined for accelerations of vibration recordedpearator’s
head. For frequencies of 1,0; 1,25; 1,6; 2,0; 2¢ 315 Hz
exceedance of admissible values was noticed. Tiee liimit
for driving is 1 hour (head horizontal vibratiomsyi-axis di-
rection were exceeded significantly).

Second test was performed on dirt track. The rekea
with fixed speed of 8 kmhwas executed. For 4 hours and
8 hours of work time the exceedance of admissibteela
erations was also noticed (fig. 11). Driving in qmamable
conditions maximum for 2,5 hours per day is acdapta

km-h' admissible vibration amplitudes at 4 and 8 hotrs oExceeded Root Mean Square of vertical accelerations

exposure time was exceeded. Especially for freqasr
and 2,5 Hz, which is shown in fig. 8. For the tegh speed

amounts to: for 1,6 Hz=0,566 rif;for 2 Hz=0,855 m%

Research on asphalt road with movement speed of 30

of 12 km:- h1 acceptable maximum exposure time to vibrakm-h' also was executed. This is maximum speed for algric

tions amount to only 1 hour (fig. 9). Similarly asprevi-
ous case constituents of frequencies 2 and 2,5ttdned
significantly higher amplitudes than the other.
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tural machines on public roads. Vibrations on dpekaseat
did not exceed admissible level, but vibrationsopkrator
head were exceeded for 8 hours of work time (f). 1
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Fig. 8. Root Mean Square of accelerations in fremyedomain on operator head during mowing at a dpefe8 km-H
(consecutively in x, y, z direction)
Rys. 8. Wartéci skuteczne przyspiegzérgai: na glowie operatora podczas koszenia @goscig 8 km-h-1 (kolejno w kie-
runku x, y, z)
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Fig. 9. Root Mean Square of accelerations in freqyedomain on operator head during mowing at a dpefel2 km-f
(consecutively in x, y, z direction)
Rys. 9. Wartéti skuteczne przyspiesizérgai na glowie operatora podczas koszeniaagoscig 12 km-H (kolejno w kie-
runku x, y, z)
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Fig. 10. Root Mean Square of accelerations in fesgry domain on operator head during driving in eclg with speed of
12 km-H (consecutively in x, y, z direction)
Rys. 10. Wartéxi skuteczne przyspiesizérgai na glowie operatora podczas jazdy poeghr z pedkascig 12 km-H (kolej-
no w kierunku x, y, z)
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Fig. 11. Root Mean Square of accelerations in fezgry domain on operator head during driving on fiieéd track at a
speed of 8 kmh(consecutively in x, y, z direction)
Rys. 11. Wartézi skuteczne przyspiesizérgai na glowie operatora podczas jazdy deqaplry z predkaicig 8 km-H- (ko-
lejno w kierunku x, y, z)
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Fig. 12. Root Mean Square of accelerations in fezgny domain on operator head during driving onrtbad at a speed of

30 km-H (consecutively in x, y, z direction)

Rys. 12. Wartfri skuteczne przyspiesizérgai na glowie operatora podczas jazdy dgaasfaltow; z predkascig 30 km-H

(kolejno w kierunku x, y, z)

5. Summary

For achieving the research aim, tests while movaingd
during transport at various speeds were made. ahes of
acceleration acting on the seat of agricultural mrees and
the operator's head were determined. Data obtdioed
measurements (after treatment) were related tolahe
standards defining acceptable acceleration actiwash-
olds. However, the considerations were restrictedhaxi-
mum 8 hours of work time.

The most important conclusion which was achiewed i
Impact on the vertical vibration is not only motiof the
object of research, but also the rotation of mowimits.
This conclusion was arrived after comparing therithis-
tions of vibrations generated while riding on aclgr and
when the mower worked. Both of tests on the sane su
strate were performed. The vibration amplitudesindur
mowing were significantly higher, than during dngi with
disabled mowers. Undoubtedly, mowing realized dyrin
driving causes adverse influences on human body.

Additionaly it was detected, that Root Mean Squafre (8]

accelerations are higher on operator’'s head, thmseat,
hence operator’s head is exposed to higher dynkaits.
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