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1- Soil particle mean weight diameter
2- Bulk density
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Fig.2. (a) Fabricated rotary tiller and (b) Schematic of the rotary tiller and its components; (1) Engine, (2&4) Small and
big pulley, (3, 11, 13 and 14 ) Sprocket and chain (power transmission system), (5) Clutch handle, (6) Guidance and

control handle, (7) Adjustment lever handle, (8) Adjustment lever of wheel position, (9) Knife blade, (10) Wheels, (12)
Blades and (15) Guard of engine
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Table 1- Some of the properties of the experimental field

o0 &P OHS b e gl ) (Ko (Gom?) S 5,2l JSa SL cél
Typeof land (mm) Soil bulk density Soil texture
Average height of weed or crop ‘_,J: Cdaw o)
residue Sand Slt Cla
y
&y 108 137 53% 41% 6%
Orchards

a

oialef] pbsl e (0) bl plol 5l U5 (@) s alol 4 )30 - JS
Fig.3. Experimental field; (a) Before experiment, (b) During experiment
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2- Duncan’s multiple range test
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Table 2- ANOV A results of the measured parameters affected by the experimental factors and their interaction
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Table 3- Mean comparison of the measured parameter affected by Soil moisture
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Fig.5. (a) Effect of rotational speed on soil particle mean weight diameter at two levels of moisture (b) Regression
equation of rotational speed and soil particle mean weight diameter
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Fig.6. Effect of rotational speed on;(a) Sail relent percent in Two levels of moisture, (b) Regression equation of rotational speed and
soil relent percent
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Fig.7. Effect of rotational speed on; (&) specific fuel consumption (S.F.C) in two levels of moisture (b) Regression
equation of rotational speed and specific fuel consumption
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I ntroduction

Recently, employment of rotary tillers has been expanded in gardens and small farms, especialy in the
northern of Iran. However using the L-shaped blades in the conventional rotary tillers have some problems such
as severe vibration problems, weeds stucking around the blades, forming the plow pan and lower performance
due to the less powers of such small rototillers. Therefore in order to overcome the above mentioned problems, a
rototiller with new ridged blades was designed, fabricated and tested in this research.

Materials and M ethods

Experiments were carried out in one of the citrus orchards in Mazandaran, Sari. The experimental design
was split plots based on randomized complete block design with three replications. The soil moisture as main
plot varied in two levels of 13.5-21.9 and 21.9-30.3 percent based on dry weight and the rotational speed of
blades as subplots varied in three levels of 140-170, 170-200 and 200-230 rpm. The measured parameters consist
of soil particle mean weight diameter, soil bulk density, soil crumbling percentage, specific fuel consumption
and machine efficiency. The diameter of soil particles was measured using a set of standard sieves with diameter
ranging from 0.5 to 8 mm. Then a laboratory shaker was used to sift the samples. Each sample was shaken in 30
sec. The fuel consumption during the experiments was determined by the filled fuel tank method. Analysis of
variance (ANOVA) and mean comparisons and interaction between the parameters were performed using the
SPSS 16 software.

Results and Discussion

The results indicated that the soil particle mean weight diameter reduced by increasing blades rotational
speed in both examined soil moisture contents. Results indicated that the soil crumbling percent increases with
increasing the rotational speed. The main reason for this effect could be due to the more energy transferring to
the soil at higher rotational speeds, which result in further crumbling of the soil dices. Regarding the results
obtained in this study, the specific fuel consumption increased at first in a light slope, then in a steep rise with
increasing the blades rotational speed. The reason can be the higher crumbling percent of the soil at higher
rotational speeds and higher soil moisture contents (at the range of 21.9-30.3%), providing the more specific
energy consumptions. The specific fuel consumption was the maximum at higher soil moisture content of 30 %.
The results indicated that the blades rotational speed and soil moisture content had no significant effect on the
field efficiency of the examined rototiller. The field efficiency varied in the range of 92 to 97% in al of the
experiments, i.e., rotational speed between 140 to 230 rpm and moisture content ranging from 13.5 to 30.3%.
The reason for that was due to the roughly similar turning times, minor adjustments, changing operators and
some other parameters influencing the field efficiency. Reduction of the rotational speed of the rototiller from
high-to-moderate speeds leads to decrease the fuel consumption to 17 liter ha®, which could be significant in
wide scale of soil tillage operations. As a general result, reduction of the rotational speed had some considerable
advantages such as reducing power requirements, reducing blade wearing and maintaining soil structure.

Conclusions

Influence of soil moisture and rotational speed of blades on the soil particle mean weight diameter, soil
crumbling percentage and specific fuel consumption were significant (P<0.01) for fabricated rototiller with new
ridged blades. Statistical analysis indicated that the soil crumbling percentage and specific fuel consumptions

1- M.Sc. Student, Department of Biosystems Engineering, Sari Agricultural Sciences and Natural Resources University
(SANRU), Sari, Iran

2- Assistant Professor, Sari Agricultural Sciences and Natural Resources University (SANRU), Sari, Iran

3- Instructor, Department of Mechanic, 1slamic Azad University of Jouybar, Jouybar, Mazandaran, Iran

(*- Corresponding Author Email: dkalantari2000@yahoo.com)



A5 ol Jlanous ) 0 o ¥ ol ¢(6559LiS glopmiilo 4 pis  VF

increased linearly with increasing the rotational speed of blades. The determination coefficients of the crumbling
percentage and specific fuel consumption as a function of rotational speed were 0.996 and 0.860, respectively.
Meanwhile, clod mean weight diameter decreased linearly by increasing the rotational speed with a
determination coefficient of 0.990. For achieving fine soil aggregates, combining high rotational speed and
higher soil moisture (20 to 30%) is suggested, while to obtain a coarse soil gradation, low rotational speed and
low soil moisture are more suitable compositions. The use of high rotational speed is not recommended due to
increasing fuel consumption and consequently the soil erosion and environmental issues.

Keywords.: Ridged blade, Rototiller, Soil particle diameter, Specific fuel consumption



