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Abstract
The paper presents to design a vibratory mechanism for agricultural tillage operation. Agriculture tillage plays an impor-
tant role for crop cultivation. There are different unit farm operations. Tillage is the mechanical manipulation of soil to 
obtain suitable soil condition for seed germination and growth. There are two basic soil manipulation processes such as 
primary and secondary. Draft consumption plays a vital role while performing the operations. Vibratory tillage concept 
was introduced since 1955 which results in low draft consumption. Tools oscillate in a particular mode of oscillation with 
certain amplitude and frequency along with the implement forward motion. The objective of the paper is to design an 
optimal four-bar mechanism for vibratory agricultural tillage operation to trace the desired experimental trajectory by 
the tillage tool in the field.
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1 Introduction

Agriculture and its allied sector play an important role 
in the Indian economy. Around 58% of the population is 
engaged in Indian agriculture as their principal occupa-
tion. Agriculture and its allied sectors contribute 14% to 
the nation’s gross domestic product (GDP) and play an 
important part in the growth and development of the 
country [1]. Thus, to meet the rising demand for food and 
to increase the income of those dependent on agriculture, 
it is important to accelerate the growth of Indian agricul-
ture [2, 3]. Agricultural production has improved due to 
technological improvements and increased mechanization 
level. The average farm power availability (power available 
per unit area) has increased tremendously from 0.32 kW/
hac (1965–1966) to 2.02 kW/hac (2013–2014). Thus, this 
concludes the strengthening of farm mechanization in our 
country [4, 5].

The major farm operations are tillage, irrigation, sow-
ing and planting, use of fertilizers, plant protection, har-
vesting, threshing and post-processing operations [6]. But 
among them, agricultural tillage heads a major cost and 
energy expenditure among all farm operations. The energy 
consumption in tillage operation is next to irrigation. Also 
the percentage contribution of total mechanization level 
in tillage operation is only 30% [7, 8]. Thus, there is a need 
to design and develop such implements which consume 
less energy during the operation and can contribute better 
to the farming community.

Tillage is basically a mechanical manipulation of the 
soil to obtain suitable soil conditions for seed germina-
tion and its growth. It results in good physical condition 
of the soil. There are two basic soil manipulation opera-
tions such as primary and secondary tillage. Primary 
tillage is carried out with an initial depth of 25–30 cm. 
Mouldboard plough, disc plough and subsoiler are the 
types of implements under primary tillage. For better 
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and finer soil operation, secondary operations are car-
ried out once the primary operations are completed. 
Tillage operation depth of 10–15 cm is obtained during 
this operation. Cultivator, disc harrow and other miscel-
laneous equipment are the types of secondary tillage 
equipments used for the tillage purpose. Again, the 
tillage tools are classified into two types such as active 
and passive tools. Active tools are those in which the 
tool is powered one such as rotavator, and passive tools 
are those which are operated by a three-point linkage 
mechanism of the tractor such as primary and secondary 
implements [8, 9].

Oscillatory or vibratory tillage concept was introduced 
in 1955 [10]. Tools oscillate in a particular mode of oscilla-
tion with certain amplitude and frequency along with the 
implement forward motion. The motion with respect to 
implement reference system is longitudinal or transverse. 
Oscillation plane may be horizontal, vertical or at some 
inclination in three-dimensional space. There are several 
advantages of oscillation tools over non-oscillating ones 
[11–13]. Oscillating tools require less draft and traction 
requirement as compared to the non-oscillating ones 
[14–16].

The objective of the paper is to design an optimal vibra-
tory mechanism for agricultural tillage operation and to 
observe the behaviour of the cutting tool trajectory. Kin-
ematic synthesis is one such procedure which is used to 
identify the mechanism dimensions for a selected path, 
motion, etc. There are different methods to solve the prob-
lem. Among them, optimal synthesis is one such process 
which is used to identify the solutions for a given problem. 
Variety of nature-inspired algorithms are there, such as 
genetic algorithm (GA) [17, 18], particle swarm optimiza-
tion (PSO) [19], teaching learning-based algorithm (TLBO) 
[20], whale optimization algorithm (WOA) [21] and many 
more, to solve the objective function which is a Euclidean 
distance [22] in our case that is selected path. Improved 
algorithms such as modified particle search algorithm 
(MPSO) [23] and hybrid teaching learning-based algorithm 
[24] are proposed for more refinement in the solution of 
the design variables. Thus, in this paper, an optimal four-
bar crank-rocker mechanism is proposed for agricultural 
tillage operation for the desired path.

2  Materials and methods

In achieving the objective, the following points were con-
sidered such as optimization of the four-bar mechanism to 
derive the desired link lengths. The mechanism obtained 
is simulated in ADAMS to identify and examine the tool 
trajectory.

2.1  Tool trajectory

The tillage tool trajectory path is shown in Fig. 1. Vibratory 
tillage tool has the following phases according to [25, 26] 
and is as explained as follows:

There are four important phases in one cycle of 0.3 s 
[25].

1. Cutting
2. Backing off
3. Catching up
4. End of the cycle

2.1.1  Cutting phase

Cutting tool penetrates into the soil and cuts. The phase is 
called as cutting phase.

2.1.2  Backing‑off phase

Tool gets disengaged from the soil, and the front face of 
the cutting tool becomes inactive. This action is called 
backing-off phase.

2.1.3  Catching up and end of the cycle phase

Tool is oriented in its original position from where it is 
started and is called catching up and end of the cycle 
phase.

Thus, the aim is that the mechanism should follow the 
different stages during operation in the soil.

2.2  Desired and derived trajectories of four‑bar 
mechanism

Four-bar mechanism showing desired and derived cou-
pler trajectories is shown in Fig. 2 . A sinusoidal path 

Fig. 1  Tool trajectory and orientation for vibratory tillage tool [25]



Vol.:(0123456789)

SN Applied Sciences (2019) 1:1003 | https://doi.org/10.1007/s42452-019-1025-z Research Article

is defined for the tool oscillatory tillage application for 
agricultural operation. The genetic algorithm technique 
is applied through the MATLAB optimization toolbox to 
get the optimal link dimensions which satisfy the tool 
trajectory. This technique is adopted only because an 
attempt is made to design a mechanism for experimen-
tal trajectory through optimization technique.

The goal function is to minimize the error between 
the desired and derived trajectory. Euclidian distance 
error between derived (Pd) and desired (Pdesired) is com-
puted to minimize the position error [27–31].

[Pdesired]i is the coupler trajectory indicated by the 
designer that coupler should position should meet the 
path. They can be written in coordinate system XY.

[Pderived]i is the set of position of the coupler of the 
designed mechanism for the set of input values.

According to the goal function, it can be expressed as

n = number of precision points.
Subject to: R2 + R3 < R1 + R4 (Grashof condition)
(Li ≤ xi ≤ Ui) (Lower and upper bound of design vari-

ables as R1, R2, R3, R4).

[

Pdesired
]i
=

[

Pi
xdesired

, Pi
ydesired

]

[

Pderived
]i
=

[

Pi
xderived

, Pi
yderived

]

(1)

Minimization
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n
∑
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]

The coupler trajectory equation of four-bar mechanism 
can be written as follows:

The objective function can be written as:

where design vector � =
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3  Results and discussions

Optimal synthesis through path generation is performed, 
and the dimensions obtained are given as follows, as 
shown in Fig. 3. This means that the designed mechanism 
can reach the desired path as mentioned in the previous 
section. Crank is found to be 200 mm followed by con-
necting rod and rocker, as shown in Fig. 3. Cutting tool is 
attached to the coupler end to perform the desired opera-
tion that is tillage in this case.

3.1  Four‑bar mechanism link dimensions

A four-bar mechanism is shown in Fig. 3. The link dimen-
sions satisfying the tool trajectory as discussed in Sect. 2.2 
with minimum error and constraint fulfilment are obtained 
through genetic algorithm technique. The following are:

(2)

Pxderived = R2 ∗ cos (�2) +
R3

2
∗ cos (�3) − ly ∗ sin (�3)

Pyderived = R2 ∗ sin (�2) +
R3

2
∗ sin (�3) − ly ∗ cos (�3)

(3)
P = Minimize

n
∑

i=1

sqrt
[

(

P
xdesired − P

xderived

)2

+
(

P
ydesired − P

yderived

)2
]

Fig. 2  Four-bar mechanism showing desired and derived trajecto-
ries

Fig. 3  Four-bar mechanism with link dimensions
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R1 = Ground link = 432 mm
R2 = Crank = 200 mm
R3 = Coupler = 490 mm
R4 = Rocker = 425 mm

Figure 4 shows the cutting tool attached to the coupler 
end which is around 500 mm long. Oscillations are pro-
vided to the tool for vibratory soil cutting operation. Tool 
oscillates in the sinusoidal path which concludes that it 
will follow the different soil cutting phases as discussed in 
Sect. 2.1 which are in agreement with [25].

3.2  Position analysis of the cutting tool in MSC 
ADAMS

Position analysis in MSC ADAMS is performed to under-
stand the tool orientation and trajectory. Figure 5 shows 
the position versus time plot.

The tool path is shown in Fig. 5 which is sinusoidal in 
nature. The tool in horizontal position reaches a maximum 
value of 260 mm as indicated in the figure. Velocity and 

acceleration are found to be 125 mm/s and 150 mm/s2, 
respectively, in soil cutting phases during the study. Crank 
is rotated continuously to observe and understand the 
tool trajectory, velocity and acceleration, respectively.

4  Model of the vibratory cultivator

A model is proposed using a four-bar mechanism for 
vibratory tillage operation. Cultivator is the tillage equip-
ment used in which the mechanism is mounted below the 
frame. Figure 6 shows a vibratory cultivator implement. 

5  Conclusion

A four-bar mechanism is designed and proposed for the 
vibratory tillage operation. The mechanism can be used for 
the vibratory tillage operation in the soil which will follow 
the different soil cutting phases while operation due to its 

Fig. 4  Four-bar mechanism model

Fig. 5  Path of tool in horizontal 
(Px) and resultant direction (P) 
in MSC ADAMS

Fig. 6  Model in SolidWorks of vibratory cultivator
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position analysis. Acceleration and velocity of the cutting 
tool are also identified during the study.

6  Future work

The further work is to fabricate the mechanism and mount 
it with the implement and test experimentally in the field 
for further confirmation and validation.
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