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ABSTRACT

Vibration is a very important parameter in tillage operations because it influences the soil
properties and draft force. Hence, this research used a mathematical model (Rayleigh method) to
compare the two plows under vibration conditions. For greater accuracy, we considered the soil
resistance force to cut and consistency as vertical forces and calculated them from actual loads.
Further, we have also compared the depths of the moldboard and disk plows (20-25 and 15-20 cm,
respectively) and certain important scil physics properties such as the bulk density and total
porosity at three different speeds (1.5, 3 and 4 km h™). The moldboard plow exhibited higher
vibrations and bulk density than the disk plow but the latter showed higher total porosity and soil
resistance force to cut and consistency. Moreover, when the speed was increased from 1.5 to 4 km
h7, the vibration soil resistance force to cut and consistency and bulk density increased while the
total porosity decreased. Finally, the bulk density and soil resistance foree to cut and consistency

were higher at lower tillage depths, whereas the vibrations and total porosity were higher at higher
tillage depths.
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INTRODUCTION

Energy conservation in agriculture operations is becoming increasingly important for the
viability of the modern agriculture industry. Moreover, the endless desire for increased productivity
from agricultural operations is motivating intensive researches for realizing more efficient methods
of scil and earth moving processes. For example, the vibratory tillage operations in the conventional
tractive method have been investigated for the potential realization of more effective soil cutting,
the potential of the forced vibration as a promising mean for soil pulverization and reducing the
draft force and machine weight (Awad-Allah et al., 2009).

An appropriate amount of vibrations in tillage tools is important for reducing soil compaction.
Moreover, the draft forces and energy consumption required to loosen compact soils are high. It is
well known that tillage-tool vibrations reduce the draft force during tillage operations if the
maximum velocity of the oscillation is higher than the veloaty of the implement. Moreover, the clod
sizes decrease while the numbers of eracks in the sail increases which promote the penetration of

plant roots, nutrients, water and air circulation in all the soils that are necessary for plant growth
{Soeharsono and Setiawan, 2010).
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Blade vibrations during the tillage process have considerable influence on the tillage resistance;
for example, the resistance decreases under operating conditions wherein blade vibrations are
required when driving mechanisms without vibrations are not suitable to meet the tillage
requirements. Furthermore, researchers have shown that the tillage depth, tillage velocity and
blade angle are directly proportional to the tillage resistance force, whereas the vibration frequency
and amplitude have desirable inverse proportional effects. The required draft forces also increase
with the tillage depth (Awad-Allah ef al., 2009).

Many recent investigations into the effects of vibrations have been motivated by the increasing
possibilities of applying engineered vibrations. For example, Soeharsono and Sateiawan (2010).

Niyamapa and Salokhe (2000b) conducted experimental investigations into vibrating tillage
tools and sandy loam soil; they concluded that the dry bulk density tends to increase with oscillating
frequency. In their study, the dry bulk density increased by approximately 5.8 to 13.8, 17 to 20%
and B% at frequencies of 8.7, 13.9 and O Hz, respectively. On the other hand, it slightly decreased
when the cscillating amplitude was increased from 59 to 77 mm.

The application of vibrations leads to a decrease in the required force and this becomes more
apparent as the cutting depth increases. However, at shallow depths (0.01 m), the effects of
vibrations are negligible due to the low soil resistance and the need to overcome the inertia forces
of the blade masses (Awad-Allah ef al., 2009). Further, other experiments have been conducted in
a saill bin by Niyamapa and Salokhe (2000a).

In this research, the force requirements and pressure distributions when using vibratory tillage
tools have been studied and compared certain parameters such as vibrations and tillage depths and
soil physics properties such as the bulk density and total porosity of the main equipments used in
primary tillage systems-moldboard and disk plows-for tillage operations. A mathematical model
{Rayleigh method) is used to compare the two plows under vibration conditions.

MATERIALS AND METHODS

Present research was conducted over three months from July 01, 2010 to September 01, 2010,
For present experiment, A tractor Mighty Antar (Z81; Thornyeroft) was used with 4 cylinders and
80 hp. Further, as the tillage equipment, we used a suspended moldboard plow with three shanks
and a suspended disk plow with three disks (Mechanical Industries Company, Iraq); their technical
specifications are listed in Table 1.

The core sample method was used to estimate the bulk density of the scil. Scil samples were first
taken and then dried in an oven at 105°C for 24 h. The bulk density was then calculated using
bulk density equation (Miller and Donahue, 1990),

The total porosity was estimated mathematically by applying the values of the real density and
bulk density of soil in total porosity equation (Miller and Donahue, 1990).

Table 1: Technical Specifications of plows

Moldboard plow Specifications Disk plow Specifications
Model 113 Model 131

No. of shanks 3 No. of disks 3

Total length 2390 mm Total length 2250 mm
Total width 1130 mm Total width 1150 mm
Total height 1190 mm Total height 1350 mm
Total weight 370 kg Total weight 465 kg
Waeight of all the shanks 69.5 kg Weight of all disks 102 kg
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The soil resistance foree to cutting and consistency 1s influenced by the width and depth of the
tillage. This force was calculated using the fellowing equation:

Fry= BP*RS*D (kg f)

Here, Fy,, is the soil resistance foree to cut and consistency (kg f); Ry, the soil resistivity of soil
(kg em™®) and D, tillage depth (cm).

The natural frequency of the tillage equipments (moldboard and disk plows) was
estimated using the Rayleigh method (Thomson, 1997). The actual load was estimated by
distributing the mass for both tillage equipments in accordance with the Rayleigh method
{Ozkose and Bagdatli, 2010) and then calculating the vertical forces that are equivalent to the sail
resistance force to cut and consistency; the results are listed in Table 2.

Y represents the dimensions of the mass whose natural frequency 1s to be measured and it is
obtained from the following equation:

{yy = [HI*{W} (1)

where, H is a matrix transformed using the following equation:

6ii 61] 611(
[H]-| 3, 8 3, (2
8, 8, By

O, 6, 0, are matrices estimated from the following three equation:
W ®

where, a, b and ¢ are constants for meldboards plow or disk plow (m) (Fig. 1), E; Young’'s modulus
(modulus of elasticity; 207 GPa) and I; second moment of area (m?.
As an example, consider the following calculations:

_WE 1047 0.064 (4)
" 3Eleq 3Eleq 3Eleqg

8,010y,

Tahle 2: The effects of plows type on soil resistance foree to cut and consistency without Vertical forces and with Vertical farces

With vertical forces

Plows Without vertical forces D1 (20-25em ) D2 (15-20 cmy)

Moldboard plow 1079 948 543
1177 850 445
1373 654 240

Disk plow 1506 711 469
1275 942 700
1781 432 195
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Fig. 1. Tillage equipment with a vibrating cantilever beam
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Fig. 2: Deflected beam shape after application of lead
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By performing similar calculations for the other terms, The cbtain final results are as follows:

5.832 2.601 0.399
: (6)
[H]=—— 2.601 1.330 0.230

3Eleq
0.399 0.231 0.064

vy = [HPW}

The actual load 1s:

654

948
{wl= {sso}N
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5.832 2601 0.399)]948 38647634107
2.601 1.335 0.231|{850;=11810960%107 \m

0.399 0.231 0.064)|654 2984384107

3Eleq

From the lumped masses procedure:

i 9.81[(948 * (3864763 % 1077)) + (850 * (1810960*107°)) + (654 * (298438+107° ))] (7
a 048 * (3864763 %107°) +850* (1810960%107°)” + 654 * (298438+ 107

| 981%(3.66+1.54+0.195)
@ _V0.014+(2.78”‘10’3)+ (5.82%107%)

=57 rad sec !

RESULTS AND DISCUSSION

Bulk density: Bulk density and actual speed have a direct correlation with each other (Table 3),
this 1s hecause as the speed increases, the coefficient of soil fragmentation by the momentum
of the plow shank increases. This, in turn, leads to an increase in the cracking of earth mounds
that micronize and fill the pores, thereby reducing the size and increasing the bulk density
(Saxton ef al., 1986).

Further, from Table 3, the bulk density for the meldboard plow (M) is higher than that for the
dise plow (D). This is because of the difference in their mechanical design; in particular, the blade
and actual tillage width of the shanks are different (Srivastava et «l., 2006). Moreover, the bulk
density for the highest tillage depth is more than that for the lowest tillage depth because the
porosity increases with the depth, which, in turn, increases the density (Jabro et al., 2000,
Tsimba et al., 1999),

Total porosity: The total porosity decreased as the speed increased (Table 4). Increasing the speed
increases the coefficient of soil fragmentation due to the greater momentum of the plow shank and
this, in turn, increases the cracking of the earth mounds, micronization and filling of the pores.
Further, the porosity of the disk plow is higher than that of the moldboard plow because the
moldboard plow has a higher bulk density and bulk density is inversely proportional to porosity.
Furthermore, as the depth increases, the porosity decreases since the fragmentation of the scil
increases and this causes higher filling of the pores in the soil and reduction in the porosity

{Abu-Hamdeh, 2002).

Table 3: The effects of tillage depth, plows type and different speeds on bulk density (g em™)

Speed (km h™)
Depth Plow 1.5 3 4 Average
D1 M 1.26 1.52 1.79 1.52
D 1.05 1.48 1.83 1.45
Average 1.155 1.50 1.81
D2 M 1.23 1.20 1.60 1.34
D 1.21 1.16 1.55 1.30
Average 1.22 1.18 1.57

M = Moldboard plow, D = Disc plow
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Tahle 4: The effects of tillage depth ,plows type and different speeds on total porosity%

Speed (km h™)

Depth Plow 1.5 3 4 Average

D1 M 52.49 42.83 32.43 42.58
D 60.51 44.34 31.18 45.34
Average 56.50 43.58 31.80

D2 M 53.50 54.88 39.83 49.40
D 54.37 56.37 41.70 50.81
Average 56.93 55.62 40.76

M = Moldboard plow, D = Disc plow

Table 5: The effects of tillage depth, plows type and different speeds on soil resistance force to cut and consistency (kg f)

Speed (kmh™)

Depth Plow 1.5 3 4 Average
D1 M 413.33 620.00 826.67 620

D 451.37 677.60 903.47

Average 288.85 433.53 578.05
D2 M 330.67 496.00 661.33 496

D 402.87 604.30 805.73 604

Average 366.77 550.15 733.53

M = Moldboard plow, D = Disc plow

Table 6: The effects of tillage depth, plows type and different speeds on vibration (rad sec™)

Speed (km h™%)
Depth Plow 15 3 4 Average
D1 M 38.00 57 76.00 57
D 32.00 48 64.00 48
Average 28.83 36 48.00
D2 M 49.33 74 98.67 74
D 41.33 62 82.67 62
Average 45.33 68 90.67

M = Moldboard plow, D = Disc plow

Soil resistance force to cut and consistency: The soil resistance force to cut and consistency
increased with the actual speed (Table 5) because an increase in the speed decreases the draft force
that has an inverse relationship with the force (Spektor and Katz, 1985).

Table b also shows that the moldboard plow exhibited better results than the disk plow and has
lower values of the soil resistance force to cut and consistency. This is because of the differences
between the mechanical designs of the two plows; the width and angle of the shank in the
moldboard plow reduce the force. Finally, Table b indicates that the soil resistance force increased
with the depth since the required draft forces increase with the tillage depth.

Vibration: Table 6 shows that vibrations increased with the actual speed because the draft force

decreased; the vibration 1s inversely proportional to the draft force (Schmidt and Tondl, 2009).
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Further, the vibrations of the moldboard plow are higher than that of the disk plow because
of the differences in their masses and mechanical designs (De-Silva, 2007; Kelly, 1996). Finally,
the results show that increasing the depth reduces the vibration; this can be attributed to the low
soil resistance as compared to the force required to overcome the inertial forces of the vibrating

masses,

CONCLUSIONS

We conducted a study in order to compare two types of plows (moldboard and disk plows) in
terms of certain parameters such as vibrations and soil physical properties such as bulk density.
Increasing the speed (1.5, 3 and 4 km h™!) increased the coefficient of soil fragmentation, thereby
reducing the soil poresity (53.93, B5.62 and 40.76%, respectively) and increasing the bulk density
(1.22, 1.18 and 1.57 g em ™7, respectively). Moreover, increasing the speed reduced the draft forces
and increased soil resistance force to cut and consistency (366.77, 550.15 and 733.53 kg f|
respectively) and vibrations (45.33, 88, 90.67 rad sec™?, respectively).

The shape and angle of the disk in a disk plow caused an increase in the number of soil pores
(45.34, 50.81%), thereby decreasing bulk density (1.45, 1.30 g em ™7, respectively) in contrast, the
width and angle of the plow shank of a moldbeard plow led to the lowest value of the soil resistance
foree to cut and consistency (620, 496 kg f) possible. On the other hand, the vibration was minimum
in the case of disc plows (48, 62 rad sec™). Note that this is compatible with the general rule of
vibration-the more weight, the less the vibration.

Further, increase in depth reduced the size of the pores (50.10, 43.96%) of the soil; this, in turn,
increased the bulk density (1.80, 1.48 g em™, respectively). On the other hand, an increase in the
depth decreased the draft force, which increased the soil resistance force to cut and consistency
(550.15, 648.8 kg f, respectively); vibrations also decreased (68, 52.5 rad sec™, respectively) since
the soil resistance was lower than the force required to overcome the inertia forces of the vibrating
masses.

Therefore, this study have experimentally compared the performance of moldboard and disk
plows in terms of their vibrations.

REFERENCES

Abu-Hamdeh, N.H., 2002, Effect of scil manipulation and other field parameters on soil physical
properties. Proceedings of 12th ISCO Conference, May 26-31, Beijing, pp: 1-4.

Awad-Allah, M.A., H.M. Mahgoub, M.E. Abo-Elnor and M.A. Shahin, 2009. Experimental
investigation of the effect of vibration during tillage process of multi shank plough blade.
Proceedings of 13th International Conference on Aercspace Sciences and Aviation Technology,
May 26-28, Cairo, Egypt, pp: 1-18.

De-Silva, CW., 2007, Vibration Instrumentation in Vibration Monitoring, Testing and
Instrumentation. Taylor and Francis Group, US, America,.

Jabro, JD., W.B. Stevens, W.M. Iversen and R.G. Evans, 2000, Tillage Depth Effects on Seil
Physical Properties, Sugarbeet Yield and Sugarbeet Quality. Agricultural Research Service,
Agricultural Research Laboratory, Sidney, Montana, TSA,

Kelly, 8.G., 1996, Theory and Problems of Mechanical Vibrations. MeGraw-Hili Co., USA,

Miller, W.M. and K.L. Donahue, 1990. Soils: An Introduction to Soils and Plant Growth. 6th Kdn.,
Prentice Hall, Englewood Cliffs, New Jersey, ISBN-10: 0138202265,

96



Astan J. Agric. Res., 5 (1): 90-97, 2011

Niyamapa, T. and V.M. Salokhe, 2000a. Sail disturbance and foree mechanics of vibrating tillage
tool. J. Terramechanies, 37: 151-166,

Niyamapa, T. and V.M. Salokhe, 2000b. Force and pressure distribution under vibratory tillage
tool. J. Terramechanies, 37: 139-150,

Ozkose, H. and S5.M. Bagdatli, 2010. The comparison of hamilton method with rayleigh’s and
rayleigh-ritz methods for the natural frequencies of three-supported beam. Int. J. Res. Rev.
Applied Sa., 4: 279-287,

Saxton, KE., W.J. Rawls, J.3. Romberger and R.I. Papendick, 1986. Estimating generalized
scil-water characteristics from texture. Soil Sci. Sce. Am. J., 50: 1031-1038.

Schmidt, G, and A. Tondl, 2009. Basic Properties and Definitions in Non-Linear Vibrations.
Cambridge University Press, New York, USA., pp: 9-31.

Soeharsono, 5. and R.P.A. Setiawan, 2010. Analvtical study of self-excited vibration on single
degree of freedom vibratory-tillage. ARPN J. Eng. Applied Sc1., 5: 61-66.

Spektor, M. and M. Katz, 1985, Experimental study of frontal resistance force in soil cutting.
J. Terramechanies, 22: 127-133.

Srivastava, AK., E. Carroll, Goering, R.P. Rohrabach and D.E. Buckmaster, 2006, Soil Tillage in
Engineering Principles of Agricultural Machines. 2nd Edn., American Society of Agricultural
and Biological Engineers, St. Joseph, Michigan, [SBN: 13: 978-0929355337, pp: 169-230,

Thomson, W.T., 1997. Theory of Vibration with Applications. bth Kdn., Prentice Hall, UK.,
ISBN-13: 978-0136510680.

Tsimba, K., J. Hussein and L.R. Ndlovu, 1999. Relationships Between Depth of Tillage and Sail
Physical Characteristics of Sites Farmed by Smallholders in Mutoko and Chinyika in
Zimbabwe. In: Conservation Tillage with Animal Traction, A Resource Book of the Animal
Traction Network for Eastern and Southern Africa, Kaumbutho, P.G. and T.E. Simalenga
{(Kds.). French Cooperation, Harare, Zimbabwe.

97



	AJAR.pdf
	Page 1


