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Introduction

Soil compaction causes a decrease in water and air penetration into the soil, impairs root development, and
consequently leads to a substantial decline in crop yield. The most rapid countermeasure is subsoiling. Subsoiler
devices and the subsoiling operation are recognised among the most energy-consuming and heaviest soil tillage
operations. Tillage tool vibration effectively reduces traction force, resulting in increased soil fracturing and
mixing, which decreases soil adhesion. The objective of this research is to determine the optimal vibration
frequency for an electrical oscillating subsoiler. This will lead to a modification of the conventional subsoiling
process and the application of these research findings in routine agricultural subsoiling operations, particularly in
the lands managed by the Khuzestan Sugarcane Development Company. Improving this operation can significantly
reduce soil losses, energy consumption, and associated costs, given the vast annual volume and area involved.

Material and Methods

This research is a developmental and applied type. It contains the installation of an electric oscillation system,
followed by the execution of treatments utilising the independent variables of the study, which consist of the
vibration frequency of the subsoiler blade at five levels (0, 20, 30, 40, and 50 Hz) and soil moisture content at two
levels, dry (5.5-5.8%) and moist (15-19%). The vibration generation system installed on the subsoiler consisted
of two electrical circuits: one for supplying electrical energy from the tractor’s battery, and another for adjusting
the vibration acceleration. This alteration was achieved by modifying the rotational speed of the vibrator motor,
which, in turn, changed the frequency. The highest frequency of 50 Hz and the absence of vibrations could be
achieved using the F300-2R2G-2 model of a programmable inverter drive, which supportsn both manual and
automatic control. The five frequency levels, ranging from 0 to 50 Hz, were generated by the driver from within
the tractor cabin, in accordance with the experimental design. The required electrical energy was also continuously
supplied without fluctuations or interruption. The experiments were conducted in a pre-divided and prepared field,
with three replications, utilising the experimental design of split-plots in the form of completely randomised
blocks. Data obtained from the tests, including traction force, working width, working depth, and the cross-
sectional area of the tilled soil, were compiled and statistically analysed using Excel and SAS software.

Results and Discussion

The results indicated that at high moisture levels, the working depth increased, while the working width and
the effectiveness of the vibratory subsoiler decreased. Vibration levels at the 0.01 significance level had a
significant impact on performance indicators, including working width, working depth, the cross-sectional area of
tilled soil, and specific traction force. Under conditions of minimum moisture and maximum vibration, the highest
effectiveness was achieved, meaning that the width, working depth, and disturbed soil area increased, while the
specific traction force decreased. The maximum traction force occurred at the lowest frequency and under dry soil
conditions. Therefore, in subsoiling operations, selecting a time when the soil is within the suitable moisture range
and utilising higher frequencies of vibration leads to a larger area of disturbed and fractured soil. Additionally, a
reduction in the required specific traction force further enhances the efficiency of the vibratory subsoiler.

Conclusion

The electric vibration system offers an innovative solution for vibration management and control by the
operator. It offers a wider range for achieving optimal vibration in soils of varying textures, thereby maximising
the efficiency of the tractor-tiller system. The application of variable-rate vibration enables electrification and is
independent of the PTO.
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Fig. 1. Tractor equipped with the electric vibrating subsoiler
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Vibrating electric motor
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Table 1- Specifications of equipment, tools, and machinery used in the research

o3 lw! 3,90 UYiWLo 9 U‘M ‘;).39 &‘9&9
Specifications of the equipment and machinery used Title
TM155 silags 595815
New Holland TM155 Tractor
S oles ) Gl S5 oSbp;
Electric Vibratory Subsoiler
2 53k 5000 25 Juusg
5000 kg, Traction Load cell
TFT 3.2 inch K&l / hx711 Jgjle SV
HX711 module / TFT 3.2-inch Monitor Data logger
lg 3000 coglize 220 & pyiiusl? Jsl yisenl

12 DC to 220 AC, 3000 watts
2.2 KW hi tec

220 V single- to three-phase conversion

£,5551000 a5 1as |y 151000

1000 watts with a maximum impact of 1000 kilograms

el yel150 g 12
12 V, 150 Amper-hour
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B- Measuring the width and depth of the subsoil work

Ao ) (nl 03y eads S glaile a5 S0l

Ju g g (s e dali aw glog 50 S By 5l
A ploo] waid Sy bd g daes Ciyguods (551050365 ( SWlSe
Gos Oyl Pomby yie Sl Br 354 (61365 Bes
S oolaunl b 555 49,0 pdliaw] yed Wlgis ya5 S U dgy Sb 5
355 190 0db S 5 SISl an b lgivee dxdy S
&S0l oolass Juols oS alate pdaw oyl 5y (ke g 00l

SelSe Jo b ()l g8 — ]

A- Digging with an excavator

OS5 S Bes g uoye pS0ilul g (SHlKe Jur b gyl 355 Y S

Fig.3. Digging with an excavator and measuring the width and depth of the subsoil work
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Table 2- Analysis of variances of width, depth, cross-sectional area of disturbed soil, and specific traction force under
the influence of humidity and frequency factors

Mean Square cla po wSilbo

e a2y "
Ol galie &l Pt S s 03,55 phdy S glato s 019 (lS (5954
Sources of changes oF Working Working Cross-sectional area of Specific tensile
width depth disturbed soil force
(Repeat) |55 2 0.900 1.300 7.114E-5 24.131
(Humidity) coeb, 1 10416.033** 3413.333** 0.005 ** 762.365**
(Error) L 2 1.633 1.033 3.602E-5 11.079
(Frequency) solus 4 646.950** 25.383** 0.009** 1797.181**
ke X ) 4 373.950%* 20.750%* 0.006** 804.801%*
(HumidityxFrequency)
(Error) s 16 2.850 1.292 3.150E-5 8.838

2oy Y 90 Jlaint maw )3 Jl3 pze > xe puf i gay FF 9 * NS

ns, *, and ** are not significant, and significant at the 5 and 1 percent probability levels, respectively

Oy 8 oye S Cugby Cilises gslaw 51V Jgua
Table 3- Effect of different soil humidity levels on the working width of the subsoiler

Cagh, oo dlas S Syl
Humidity Mean Number  Std. Deviation

0.07 86.3333 a 15 16.98178

0.17 49.0667 b 15 2.63131

Total 67.7000 30 22.39943
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Fig.5. The effect of different frequency factor levels on the working width of the subsoiler
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Table 4- Effect of different soil humidity levels on the cross-sectional area of disturbed soil

Cugb, obe Slaxi e Byl
Humidity Mean Number Std. Deviation
0.07 0.2714 a 15 0.6585
0.17 0.2448 b 15 0.00894
Total 0.2581 30 0.04811
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Fig.10. The effect of different frequency factor levels on the cross-sectional area of disturbed soil
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Fig.11. The interaction effect of different moisture and frequency levels on the cross-section of disturbed soil
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Fig.14. The interaction effect of different moisture and frequency levels on the specific traction force of the subsoiler
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Table 5- Analysis of variance total energy of subsoiler

Ot gilie Olapo ggoma @31y Olaye nSile sig
Source of variation Sum of Squares df Mean Square
S 49.503 2 24.751 2.737 0.95"
Repeat
w’b ‘ 692.273 1 692.273 76.562  0.000**
Humidity
s
22.579 2 11.290 1.249  0.313"
Error
Aol 5724.866 4 1431.216 158.286 0.000**
Frequency
“L‘;Xx‘:’]" ) 3444.595 4 861.149 95.239  0.000**
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('/RW = D.L-JJJJJU R )9)7&0) '/RA; == R )5;\290 .A..OJI
a. R Squared = 0.986 (Adjusted R Squared = 0.974)
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Fig.15. The effect of moisture factor on the total energy of the subsoiler
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