Tikrit Journal for Agricultural Sciences (2024) 24 (4): 193-204
DOI: https://doi.org/10.25130/tjas.24.4.16

m ——
y. TJAS % IR‘F\DI A s Ul
\ Academic Scientific Journals —— Latiadl Ao oS il ! I IJAE:

%@ﬁ ISSN:1813-1646 (Print); 2664-0597 (Online)
™ yy Tikrit Journal for Agricultural Sciences "o
Journal Homepage: http://www.tjas.org Sciences

E-mail: tjas@tu.edu.iq

Study of Tractor Vibration during Sowing Operation

Flaieh Hammed Kassar'®, Ahmed Merza Abood"*,and Jawad Kadhim Al Aridhee

College of Agriculture, Al-Muthanna University, Al-Muthanna, Iraq

“Correspondence email: flaiehkassar@mu.edu.ig

ABSTRACT
A field experiment was conducted during Winter Season 2022-
- _2023. The aim of experimental to evaluate the effect of tractor
Tractor vibrations, sowing ) o ] ] ]
operation, engine speed, €Ngine speeds and gear position on the vibration levels during
acceleration level sowing operation. The first factor was engine speed of tractor
(1000, 1500 and 2000 rpm) and the second factor was the third gear
position at two level high and low speed. The measurements were
taken at three separate locations (platform, seat and steering wheel)
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vibration level. The lowest value of vibration acceleration

(2.633m.s) was obtained at low speed. The maximum acceleration
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INTRODUCTION
Agricultural machinery workers are exposed to many negative influences during their
activities on agricultural fields which can cause harmful effects on the humans (Sameer,
Lakhani, et al., 2020). The human body is exposed to different vibrations in everyday life
conditions. Entire body vibrations occur when the whole human body is in contact with a
vibrational surface (Shahgholi et al., 2019). If the vibrations which come from the tractor or
implement are exceed the daily limit of allowed, the driver have to be stop working; otherwise, it
would be harmful to health whole body due to the transmission of vibration from the source, the
drivers feel some different symptoms, such as abdominal pain, general headaches, chest pain,
loss of balance, muscle contractions, shortness of breath, and influence on speech. (Phon
Sovatna, 2023; Abood et al., 2023 ). The engine of agricultural tractors is the main source of
vibration. Engine vibration results from the combustion process itself and the mass asymmetry
in engine rotating elements (Gravalos et al., 2013). Vibrations that exist on agricultural tractors
affect the driver due to lack of comfort and possible health deterioration of drivers (Gialamas et
al., 2016) .The major source in vibration development in the lateral axis were the tractors
followed by the implements. While, the implements played the major source in the development
of vibration in the horizontal axis followed by tractors. Maximum vibration levels recorded in
higher engine speed (Sameer Lakhani et al., 2020; Awwad et al., 2023). As engine speed
increased with increasing the forward speed has led to increase the vibration of the seat of
tractor. The highest acceleration value was obtained at the highest velocity (Fereydooni et al.,
2012; Shahgholi, et al., 2019; Mohammadi et al.,2023 ). It is found that engine velocity has a
significant influence on increasing vibration level. Engine vibration increasing by engine speed
is due to the more frequent mechanical vibration events.
The increase in vibration amplitude was found to have a similar tendency in all different
fuels type (Yildirim et al., 2018). Operation velocity showed significant effects in transmitted
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vibration in three axes vertical, horizontal and literal from platform feet driver, the lower values
were recorded at lower speed and vice versa(Al-Mafrachi, 2016). The vibration level in the
lateral axis direction was affected and increased by tractor more than implements. In contrast,
the implements played the major factor to increase vibration levels in the horizontal axis and
the second factor was tractors ( Gialamas et al., 2016). It was noted that the tractor seat is
vibrated more in the transverse direction and the increment was due to insufficient seat design
and it structure because of the seat is in the middle of the cabin and does not have any
dependence on the sides (Shahgholi et al., 2019). The vibration source information differs from
vibration signals in different directions and locations. Therefore, it is important to study
vibration transfer characteristics in order to respond optimally to the source measurement point
location and direction for engine condition monitoring( Li et al., 2023).

Keeping of all above points a fields experiments were carried out to evaluate the
vibration levels during sowing operation under different engine speeds and several gear
positions.

MATERIAL AND METHODS

A field experiment was conducted in Al-Najmi region 50km North of Al-Samawa City
center in Iraq during Winter Season 2022- 2023 to evaluate the effect of tractors engine speed
and gear positions (third gear position at two level high and low speed) on the vibration levels.
Measurement Procedure

Vibration meter VM-6360 (Figure.1) was used to measure the acceleration magnitude at
steering, seat and platform locations of Belarus 820 tractor in vertical, horizontal and lateral
direction. Observations were taken at three engine speeds in each direction of vibration. The
selected engine speed were 1000, 1500 and 2000 rpm while gear position was (third) at two level
high and low speed. In order to measure the vibration at vertical direction at seat of driver, the
vibration meter sensor was put under the seat. For measuring vibration at horizontal direction in
seat position, meter sensor was put back at the chest of seat. While the meter sensor was put at
left side of the seat to measure the vibration at Lateral direction with three replicates. The
measurements were taken at three separate locations (platform, seat and steering wheel) of
tractor . While, to measure the vibration at vertical direction at steering wheel, the vibration
meter sensor was put on the steering wheel from upper side. Whereas, to measure vibration at
horizontal direction on steering wheel, the meter sensor was put at the in front side of steering
wheel. However the meter sensor was put at left side of the steering wheel to measure the
vibration at Lateral direction. Similarly, the vibrations at different directions was estimated at
platform of tractor. The specification of tractor are explain in the Table 1.
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1. Accelerometer 2.Display  3.Input Connector 4.Hold Key 5.Power Key 6.Metric/Imperial conversion 7.Input Key 8.Function Key 9.Filter Key

Figure 1- Vibration meter VM-6360

Table 1-The specification of Belarus 820 tractor used in experiments

Model series Belarus 820
Engine type D 243S
Power, kW (h.p.) 60 (81)
Crankshaft rated speed, rom 2200
Engine manuf. Minsk
Power take off speed (rpm) Continuous I, 540
Continuous 1. 1000
Year of made 2012
Seat type Belarus seat is mechanically suspended with using two spiral springs and shock absorber

of double acting type

A mounted type seed spreader was connected to the power take off shaft at rear of
tractor. The spreader was made in turkey with capacity of 500L and used for sowing wheat seeds
Figure.2.

Figure.2- A mounted type seed spreader connected to the power take
off shaft at rear of Belarus 820tractor

Statistical Analysis

The experimental laid out using randomized complete block design (RCBD) with three
replications. Experimental data were analyzed using Statistical, Dell Inc. (2016) version 13.
Tukey’s test, was used to estimate the significant differences in order to compare the means of
parameters at 0.05 level.
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RESULTS AND DISCUSSION

The results of this study are and analyzed by using Tukey procedure in order to calculate
the statistical difference between the means of each level of engine speed and gear position and
illustrated in Table(2) The outcomes showed that the mean of vibration level was increased as
the engine speed increased . The maximum acceleration was obtained at 2000 rpm engine
speed. Whereas the minimum value was achieved at 1000 rpm engine speed. The mean
acceleration values were 5.475, 6.141, 8.075 m.s? at 1000 rpm of engine speed and 7.825,
9.220, 9.345 m.s at 2000rpm for the vertical , horizontal and lateral direction respectively. The
obtained outcomes are almost agreed with findings of Balambica and Deepak, 2017 who
estimated the maximum vibration value at the steering wheel at engines speed of 2000 rpm was
17.8 m.s2. Moreover, the results showed that the change in the gear position setting has a
significant effect on the vibration level at 5 percent level of significant. The lowest value of
vibration was obtained at low position 5.847, 7.400, 8.111 m.s, while the maximum value was
found at the high gear position 7.605, 8.336, 9.472 m.s* for the vertical, horizontal and lateral
direction respectively. These results corresponded to the results of Dahham, et al., 2019, who
revealed that the velocity of the tractor had the highest effect on the transmitted vibration from
the steering wheel to the hands of the operator for all directions.

Table 2: Influence of Engine speed and Gear position on vibration level in three directions at different
locations of tractor

Position  Vibration Gear position Engine speed (rpm)
of direction

vibration Low high 1000 1500 2000
Steering  Vertical 5.8472 7.605° 5.4752 6.879° 7.825°
wheel Horizontal ~ 7.400% 8.336° 6.1412 8.241° 9.220°
Lateral 8.1112 9.472° 8.0752 8.954b 9.345b

Platform  Vertical 6.2022 7.233P 45912 7.025P 8.537°¢
Horizontal ~ 6.7722 7.4752 3.683? 8.312° 9.375°¢

Lateral 7.116° 7.758P 5.179? 8.291° 8.842°

Seat Vertical 5.2882 6.125° 3.400? 4.650P 9.070°
Horizontal ~ 2.6332 5.127° 2.3912 3.4007 5.850°

Lateral 3.3972 5.013° 2.3332 3.979° 6.304°

The influence of interaction between the engine speeds and gear positions on vibration
level are given in Figures 3,4,5 . It is revealed that there was a significant effect (p < 0.05) on the
vibration level at the steering wheel in all directions . However, the highest values of
acceleration 9.941m.s? was obtained from 2000 rpm of engine speed and the high gear
position at lateral direction. Whereas, the lowest value of vibration level 4.225 m.s? was
obtained from 1000 rpm of engine speed and the low gear position at vertical direction .
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Figure 3: The interaction influence of engine speed and gear position on vibration level

(in vertical direction) at tractor steering wheel
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Figure 4: The interaction influence of engine speed and gear position on vibration level

(in horizontal direction) at tractor steering wheel
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Figure 5: The interaction influence of engine speed and gear position on vibration level

(in lateral direction) at tractor steering wheel
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The effect of vibration during sowing operation at tractor platform was assessed using
acceleration parameter. It is clear that there is a significant effect of engine speed on vibration
levels. The means of acceleration value were presented in Table 2 . The results indicated that the
change in engine speed has a considerable effect (p < 0.05) on vibration levels . The maximum
value of mean acceleration were 8.537, 9.375, 8.842 m.s? at 2000 rpm engine speed for the
vertical , horizontal and lateral direction respectively. Whereas, the minimum value of mean
acceleration were 4.591, 3.683, 5.179 m.s at 1000 rpm engine speed for the vertical, horizontal
and lateral direction respectively. Moreover, The results showed that the change in the gear
position setting has a significant effect on the vibration level (p < 0.05). The lowest value of
vibration was optioned when the sowing operation at low gear position 6.202, 6.772, 7.116m.s
2 whereas the maximum value was obtained at the high gear position 7.233, 7.475, 7.758m.s™
for the vertical , horizontal and lateral direction respectively. The current outcomes agreed with
Al-Mafrachi, 2016 who noted that the higher forward speed recorded higher values of vibration
and this could be due to increase tractor speed led to increase transmitted vibration from soil to
tires after that to tractor platform. The interactions between the gear positions and engine speeds
are presented in Figures 6,7,8 which showed that there was a significant effect (p < 0.05) on the
vibration level at the tractor platform. However, the highest values of acceleration 9.475 m.s
was obtained from the combination of 2000 rpm of engine speed and the high of gear position at
lateral direction. Whereas, the lowest value of vibration level 3.475 m.s2 was obtained from the
combination of 1000 rpm of engine speed and the low of gear position at horizontal direction.
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Figure 6: The interaction influence of engine speed and gear position on vibration level
(in vertical direction) at tractor platform
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Figure 7: The interaction influence of engine speed and gear position on vibration level

(in horizontal direction) at tractor platform
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Figure 8: The interaction influence of engine speed and gear position on vibration level

(in lateral direction) at tractor platform

The value of vibration at the tractor seat during sowing operation which probably
transfer to various parts of the body. The presented results in Table 2 indicated that there was a
statistically significant increase (p < 0.05) in vibration level at tractor seat when increased the
engine speed from 1000 to 1500 and then to 2000 rpm. The highest value of mean acceleration
9.070, 5.850, 6.304m.s? , were recorded during engine speed of 2000. Whereas the lowest value
of mean acceleration 3.400, 2.391, 2.333 m.s? were obtained from the engine speed of 1000
rpm for the vertical , horizontal and lateral direction respectively. In addition, there was a
considerable significant effect on the vibration level by changing the gear position setting. The
lowest value of acceleration was obtained when the sowing operation at low gear position
5.288, 2.633, 3.397m.s2, whereas the highest value was obtained at the high gear position
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6.125, 5.127, 5.013 m.s for the vertical , horizontal and lateral direction respectively. The
present outcomes corresponded to the results of Ahmadian, et al 2014 and Nag, et al., 2020 who
noted that increasing engine speed, led to increase the vibration RMS values at the seat position
for all the gear ratios. The reason for this increment might be attributed to increasing of
combustion strokes number and the piston shocks per unit time. The interaction effect between
engine speed and gear position illustrated in Figures 9,10,11 indicated that a significant increase
(p <£0.05) was observed in the vibration level at tractor seat in all direction. The maximum value
of acceleration in horizontal direction was recorded at engine speed of 2000 rpm and high gear
position (9.333 m.s?), while the minimum value in horizontal direction (1,100 m.s?) was
observed from the combination of 1000rpm engine speed and low gear position.
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Figure 9: The interaction influence of engine speed and gear position on vibration level
(in vertical direction) at tractor seat
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Figurel10: The interaction influence of engine speed and gear position on vibration level
(in horizontal direction) at tractor seat

201



Kassar et al., Tikrit Journal for Agricultural Sciences (20224) 24 (4):193-204

9
3 Vh =0.0011x + 7.8972
R2=0.9675

&7
= 6
‘E' 5
c
s 4 -~ / ¢ Low
g3 B VI=0.0015x + 5.8736 B High
<2 L RZ=0.9419

1

0

500 1000 1500 2000 2500
Engine Speed (rpm)

Figure 11: The interaction influence of engine speed and gear position on vibration level
(in lateral direction) at tractor seat

CONCLUSION

The outcomes of this study indicate that the vibration levels at steering wheel, platform,
and seat of Belarus tractor were higher than permissible. The vibration level is worsened by
increasing engine speed and using high gear positions. In all tractor-selected locations, the
highest acceleration level in vertical, horizontal, and vertical directions was observed at the
highest engine speed and high gear position. The lowest value of vibration acceleration
(2.633m.s"?)was obtained at low speed. The highest acceleration level (9.472m.s?) was achieved
at lateral direction in steering wheel location while, the lowest value (1.1m.s?) was obtained
at 1000engine speed and low gear position in horizontal direction in seat location. There is an
urgent need for further research to develop a suitable schedule for operating the tractor so that
the tractor driver is given a break after each operation in order to reduce the stress on the driver
resulting from vibrations.
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