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Fig. 1. (a) Rototiller used in the experiments, and (b) Blades of the rototiller
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Fig. 2. Vibration measurement: (a) in x direction (b) in y direction, and (c) in z direction
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Fig. 3. Orthogonal axes of vibration acceleration components (ISO 5349-2001)
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Table 1- Technical specifications of the rototiller used in the experiments
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Fig. 4. (a) Vibration meter (model: VB- 8202) (b) Tri-axial fingered
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Fig. 6. Forces acting on the blade at the time of entering the soil
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el 8 )l s 4 0.4
Less than 8 hours

celod jl zes 6 0.61
Less than 4 hours

el jl a8 8 0.81
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Table 3- ANOVA Results of the measured parameters affected by the position and rotational speed and their interaction

Olazyo (ko
Mean of square
vor . ‘.i
e M. . &2 Y 4")3 Apwx ahwy Ahwz ahy
Source of variation df
(A) Codye 1 76.056" 105948 93.389" 282190
Position (A)
B) Ll o x x x
(B) hy» <o 2 384.081" 351.297" 265.389"° 996.297
Rotational speed (B)
(AxB) 2 2.871™  19.299™  0.668™  13.252™
s 12 5.070 5.554 4.889 14.314
Error

amd o L 1y 990 y3 dme e NS aoyd 1 95 Jlais] daws y3 3 dxo ‘,4)34:* 5*
*, ** Significant at 5% and 1% of probability levels, respectively, ns: non-Significant
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Table 4- Mean comparison of the measured parameters affected by the blade rotational speeds
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BI"’}de X S y S s Js ot
rotational x-direction -direction z-direction total acceleration
speed (rpm) y
155 6.88° 7.47° 7.58° 12.70°
185 11.16° 12.11° 10.35° 18.94°
215 22.37% 23.31% 20.52% 37.58°

ol gt ol slaodly (o Cglis p3gr Hd xe pae Sl et ya 5 alie gy
same letters in each column indicates no significant differences between the data column.
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Table 5- Paired mean comparisons of the measured parameters in situ and tillage modes
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Working mode X Cua Y Sy zZ e
x-direction y-direction z-direction

K ok
total acceleration

b Cundy
Idling speed 11.41° 12.71° 10.36° 19.16°

(SN
During tillage 15,53 15.89* 15.25° 26.98°

ol gt ] slodld e gl 390 Y dme pis S lo gt b ) alie g
same letters in each column indicates no significant differences between the data column.
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Fig. 8. (a) The influence of blades rotational speed on the RMS of acceleration in the x direction in two working
conditions (b) Contribution of engine in the total vibration for different rotational speeds in x-direction.
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Fig. 9. The influence of blades rotational speed on the RMS of acceleration in the y direction in two working conditions
(b) Contribution of engine in the total vibration for different rotational speeds in y-direction
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conditions (b) Contribution of engine in the total vibration for different rotational speeds in z-direction
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Introduction

One of the most important problems arising with operation of the conventional rototillers is severe vibration
of the machine handle which is transmitted to the user’s hands, arms and shoulders. Long period exposure of the
hand-transmitted vibration may cause various diseases such as white finger syndrome. Therefore in this study,
vibrations of a new type of rototiller with ridged blades were investigated at the position of handle/hand interface
in different working conditions. Finally, the maximum allowable exposure time to the rototiller users in
continuous tillage operation was obtained according to ISO 5349-1.

Materials and Methods

Experiments were carried out in one of the farms with silty clay soil texture, located in Sari city, Mazandaran
province, Iran. Vibration measurements were performed according to 1SO 5349-1 and ISO 5349-2 standards in
two different modes, including in situ mode and tillage mode. Vibrational parameters were obtained in three
blade rotational speeds, i.e., low speed (140-170 rpm), medium speed (170-200), and high speed (200-230).
Blade rotational speed varied by changing engine speed using the throttle control lever. In each experiment,
different vibrational values were individually recorded in three directions (X, y, and z). Experimental design and
data analysis were performed in a Randomized Complete Block Design with three replications using the SPSS16
software.

Results and Discussion

Based on the obtained results in this study, the RMS of acceleration increased by increasing in rotational
speed for all of the conducted experiments. The reason is that number of cutting per unit of time and
consequently the frequency of changing in the dynamic forces exerting on the blades dramatically increases with
increasing the rotational speed of the blades. Noteworthy is that in most cases the variation of acceleration in the
tillage mode showed similar trend with vibrational values in the idling mode. This represents a significant
contribution of the combustion engine in vibration of the examined rototiller. Meanwhile, contribution of the
engine in the total measured vibration was more than 50% at different rotational speeds and different directions.
The minimum engine contribution was measured equal to 56.39% in z-direction at 155 rpm, whereas the
maximum engine contribution was observed equal to 79.5%, in x-direction and rotational speed of 215 rpm.
These results indicate the importance of selecting a proper combustion engine for reducing the rototiller
vibration. It should be noted that the contribution of the engine in total vibration reached its minimum value at
the speed related to the maximum generated torque, i.e., 185 rpm of the rotor speed.

This result indicates that using the combustion engine in its optimum speed reduces the entire device
vibration in the vertical direction. By increasing the rotational speed of the blades in the y-direction, engine
contribution in device vibration showed different trends in compare to the other directions. The most value was
equal to 74.25% which was obtained at the rotation speed of 185 rpm. By increasing blade rotational speed from
155 rpm to 215 rpm, the engine contribution in device vibration in the z direction and the total acceleration
steadily increased.

Conclusions

With growing mechanization and entering various types of machines to the farm, importance of
considerations to human health is also increased, especially in working with rotational machines. Therefore, the
current study was undertaken with the specific attention to the rototillers operational vibration at the handle/hand
interface. Results of the conducted experiments showed that vibration of the examined rototiller depends more
on the operation of the mounted combustion engine, rather than the soil working blades. Therefore, it is
suggested to select a higher quality engine with less vibration or isolate the engine from chassis by a damper
(such as a compressed rubber) to reduce the vibration transmitted to the operator’s hands and arms.
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