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Abstract: - This study develops a coupled dynamic model and MATLAB/Simulink simulation framework for a
shallot planter union consisting of a tractor, a working machine, a planting head, and an elastic coupling joint
operating on soft soil. An eight-degree-of-freedom formulation is established using the Euler—Lagrange method
and converted into a state-space representation with 16 state variables and 10 terrain-induced excitation inputs.
Soil reaction is described via the Bekker pressure—sinkage relationship and linearized around the operating
range for efficient simulation. The eigenvalue analysis confirms asymptotic stability of the coupled system
(maxR(A)=2.8782), and time responses under initial perturbations remain bounded. Simulations indicate that
pulse-type excitation governs peak responses, particularly in coupling yaw motion and planting head
displacement, while harmonic and random excitations mainly contribute to sustained vibration levels.
Frequency response analysis shows dominant low-frequency amplification of the main-body vertical motions in
the range of approximately 0.5-2 Hz. The proposed framework supports preliminary vibration assessment and
parameter tuning of shallot planting machinery under weak-soil field conditions.
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1 Introduction transfer, particularly during low-speed field
Dynamic modeling and vibration analysis of operations.. Bekker’s class.ical terrain'-vehicle theory
agricultural  tractor—implement systems have [2] continues to prqv1de a widely adopted
attracted increasing research interest due to their foundation for modeling soil pressure-sinkage
significant influence on operational stability, soil— relathnshlps,. Whlle more  recent S'fUdleS hgve
tool interaction, and planting performance under quantified soil stiffness parameters using physical
real field conditions. Recent advances in digital soil properties to improve model realism, [3]. Such
modeling  environments have enabled  the formulations enable a practical representation of soil
construction of nonlinear and multi-degree-of- compliance ~ while  maintaining  computational
freedom dynamic models that capture complex efﬁc1ency in dynamic s1mulat1ons.

interactions among vehicle structures, implements, Multi-body dynamics approaches have been

increasingly applied to agricultural vehicles to

and terrain. [1] proposed a nonlinear dynamic model ] :
capture coupled vertical, rotational, and lateral

for agricultural vehicles constructed in a digital

space, demonstrating the potential of integrated motions. ) Tractor dyn.amics. sirpulations
virtual modeling for system-level dynamic analysis. Incorporating human—machlne _ interaction  [4],

Soil-vehicle interaction remains a major source articulated ~ steering  mechanisms  [5], and
of excitation in agricultural machinery dynamics. autonomous control-oriented I_nu“{bOdY rqodels (6]
The mechanical properties of soft and deformable have demonstrated that simplified rigid-body

soils strongly affect vibration transmission and load formulations may underestimate transient loads and
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vibration amplitudes. Recent investigations have
further expanded multibody modeling toward
deformable terrain interaction and simulation-to-
reality gap analysis, emphasizing the sensitivity of
dynamic responses to contact modeling assumptions
and parameter selection, [7], [8].

From a methodological perspective, state-space
modeling and dynamic system formulations provide
a systematic framework for stability assessment and
transient response analysis in multi-degree-of-
freedom mechanical systems. [9] presented a
dynamic modeling and simulation approach for a
multi-degree-of-freedom suspension system,
illustrating  the application of state-space
representations to vibration and stability analysis in
complex mechanical assemblies. Although not
specific  to  agricultural  machinery, such
methodological contributions establish a relevant
theoretical basis for the state-space and stability
analyses adopted in the present study.

Despite these advances, many existing tractor—
implement models primarily focus on the tractor
body or lateral dynamics, while the combined
effects of coupling joint dynamics, yaw motion,
planting unit vibration, and soil-tool interaction are
often simplified or treated independently. Recent
studies on generalized tractor—trailer systems and
stability control, [10], [11], as well as real-time state
estimation for agricultural tractors [12], highlight
the importance of accurately representing coupling
dynamics and system states. However, an integrated
dynamic framework that explicitly captures tractor—
implement—soil interaction with coupling and
planting head dynamics remains limited. This gap
motivates the development of the coupled dynamic
model proposed in this study.

2 Problem Formulation

2.1 Dynamic Model of the Shallot Planter
Union

2.1.1 System Description

The shallot planter union consists of a tractor and a
working machine connected via a low rigidity
coupling joint, with a shallot planting head in direct
contact with the field surface. For dynamic
modeling, the distributed masses of the tractor,
working machine, and planting head are represented
by equivalent lumped masses located at their
respective centers of gravity. The planting
mechanism places shallot seedlings at the prescribed
spacing and depth to ensure favorable growing
conditions Figure 1.
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illustration of the

Schematic

Fig. 1:
shallot planter union
Source: created by the authors

2.1.2 Modeling Assumptions

To ensure tractable analytical

efficient numerical simulation,

assumptions are adopted:

i. The longitudinal motion along the planting bed
is steady and forward speed wvariations are
neglected.

ii. Motions consist of small oscillations about the
static equilibrium, enabling linearization.

iii. Soil-machine interaction follows the Bekker
pressure—sinkage relationship and is linearized
within the operating range.

iv. Large slip, lateral skidding, and aerodynamic
resistance are neglected due to low operating
speed.

v. Components behave like rigid bodies with
masses concentrated at their centers of gravity.
Based on these assumptions, the equivalent

dynamic model of the coupled tractor—working

machine—shallot planting head system, including the
generalized coordinates, elastic coupling, and soil—

tool interaction, is presented in Figure 2.

derivation and
the following

o
*| Pressure-sinkage
stiffhess

Fig. 2: Dynamic model of the coupled tractor-

working machine-shallot planting head system
Source: created by the authors

The selected 8-DOF model captures the
dominant vertical and rotational motions relevant to
shallot planting under low-speed field conditions,
including coupling-induced yaw and planting head-
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soil interaction. Higher-order flexibilities are not
considered to maintain computational efficiency for
system-level ~ vibration assessment. If the
formulation were reduced by neglecting the
coupling yaw motion or the vertical dynamics of the
planting head, the model would no longer capture
transient load transfer and peak responses induced
by  pulse-type  terrain  excitations.  Such
simplifications may underestimate critical dynamic
loads acting on the planting unit under irregular
field conditions, which is a key motivation for
retaining the selected degrees of freedom.

Based on the modeling assumptions described
and the parameters in Table 1, the dynamic behavior
of the shallot planter union is formulated using the
Euler—Lagrange  approach. @ The  generalized
coordinate vector of the system is defined as

q9=[z1¢1 01222022 y3] 7,

The generalized coordinates include the tractor
vertical displacement and pitch/roll (zi, ¢, 61), the
working machine vertical displacement and
pitch/roll (z, ¢2, 0,), the planting head vertical
displacement (z), and the coupling yaw rotation
(y3). All generalized coordinates are defined with
respect to small perturbations about the static
equilibrium configuration.

Table 1. Physical and inertial parameters of the
tractor—implement system

Symbol Description Value Unit
m; |Equivalent mass of tractor 1370 | kg
s Equlyalent mass of 320| ke
working machine
Mass of shallot planting

my head 134 kg

L ffracFor pitch moment of 559.12 | kem?
nertia

" Tfrac?or roll moment of 1209.85 | kg m?
nertia

L 'Worl'qng machine pitch 68.68 | ke-m?
nertia

I, .Worl.qng machine roll 98.54 | kg-m?
nertia

s Couplmg yaw moment of 10.37 | kg-m?
nertia

h Height of tractor CG 09| m
Height of working

b2 | machine CG 06| m

1 Tractor axle-CG distance 0.85| m
Working machine axle—

> CG distance 06/ m

The physical and inertial parameters reported in
Table 1 are treated as nominal values and were
obtained from manufacturer specifications, technical
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documentation, and commonly adopted parameter
sets reported for tractor—implement systems of
comparable size and configuration. Although
explicit measurement uncertainty is not listed for
each parameter, the reliability of the conclusions is
supported through response-based sensitivity
interpretation using RMS and peak metrics in
Section 3, which indicates how variations in
stiffness, damping, and soil properties affect
vibration transmission to the planting unit.

2.2 Euler—Lagrange Formulation

2.2.1 General Equations
The equations of motion are derived using the
Euler—Lagrange method with the Lagrangian
defined by (1)

L=T-V (1)
where T denotes the kinetic energy and V represents
the potential energy of the system.

The kinetic energy includes the translational and
rotational contributions of the tractor, the working
machine, and the shallot planting head. Although
the translational inertia of the coupling joint is
neglected due to its relatively small mass, its yaw
rotational inertia is retained to capture coupling-
induced oscillatory effects. Accordingly, the total
kinetic energy of the coupled system is expressed as

Eq. (2).
1,1 1
T = —m121 + Elxlqbl +_Iy191

2 2

1,1 1

+Em222 + Elxz(pz +Ely292 (2)
1,1
+Etht +5123¢3

The potential energy consists of gravitational
and elastic components. Accordingly, the potential
energy of the system can be expressed in the general
form given in Eq. (3).

V=V +V,, 3)

The gravitational potential energy is given by:
Vg =mygz, + mygz, + megz,.
while the elastic potential energy accounts for
tire—ground compliance, coupling elasticity,
structural link flexibility, and soil deformation
at the planting head. It is expressed as:
1 1
Ve = EZREW kw,k 6\%/,1( + 3 kcz6c?z +
1 1 1
5 kepbey + > k02 + > keySey +

1 2 1 2
2 klink61ink + 2 ksoil6soil'
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Here 6,, ; denotes the vertical deformation of the
k-th wheel relative to the terrain profile q;(t), and
k., x represents the corresponding effective wheel-
soil vertical stiffness. The excitation input gq(t)
describes the vertical displacement of the soil
surface beneath the planting head. In the present
model, the key deformations are defined as:

8cz =21 — 23, 0¢p = ¢1 - ¢2= Ocr =01 =0,
6cy = Y3, Slink = Zt — 22, Osoit = Zt — qo(t)

Tractor wheel: 8y, = z1 ; — qx(t),
withz ) = z; £ a; ¢ £ 2160,k = 1.4

Working machine wheel: 8y, , =z — qx (),
with 2, = 2, + ay¢, £ 726,,k = 5...8

The signs depend on font/real, left/right wheel
locations.

To incorporate viscous damping effects in a
consistent manner, a Rayleigh dissipation function
is introduced as

1
D= Eq'TC q.
where C is the system damping matrix includes
contributions from suspension damping, coupling
damping, and soil-related energy dissipation.

The Euler-Lagrange equation to each general

coordinate of gi according to the equation (4)
d <6L> oL 4 0D 0
ac\og,) " aq; " 94 ®

After linearization about the static equilibrium
configuration, the kinetic and potential energies can
be written as:

T=24"Mg, V =2q"Kq.

Accordingly, the matrix entries are obtained as:
M_aZT C_aZ'DK_aZV
Yo 0g0q; Y 0q09;," Y 0q,0q;

The equations of motion can be expressed in the
standard matrix form given in Eq. (5).

Mg+ Cq+ Kq = Qexc(t). (5)
where M, C, and K denote the mass, damping, and
stiffness matrices of the system, respectively. The
excitation vector Q,..(t) collects terrain-induced
base excitations, coupling interactions, and soil
reaction forces acting on the planting head.

Accordingly, the oscillatory dynamics of the
coupled system with eight degrees of freedom can
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be described by the system of differential equations
given in Eq. (6), the coupling interaction is
introduced only in the equations governing the
tractor, the working machine, and the relative yaw
motion at the joint. The coupling is modeled as a
linear elastic-damping element acting on the relative
vertical and rotational motions between the tractor
and the working machine. Accordingly, the vertical
coupling forces Feoypiing,1 and Feoupiing,2 as well
as the associated coupling moments Mcypiing,» and
M oupling,y> Tepresent internal interaction forces
transmitted through the joint and appear only in the
corresponding equations of these subsystems. The
yaw degree of freedom 1); is governed by the
rotational stiffness and damping of the coupling
joint, which generates a restoring moment
proportional to Y5 and its time derivative.
Fcoupling,l = _kc,z(zz -2zy) — Cc,z(Zz —Z)
Fcoupling,z = +kc,z(22 - Zl) + CC,Z(ZZ - Zl)
while the yaw coupling moment is given by
Mcoupiingp = kc,1/;¢3 + CC,I/)l/J3

In contrast, the vertical dynamics of the shallot
planting head are not directly affected by the
coupling forces but are governed by the soil-tool
interaction, including soil stiffness, soil damping,
and terrain-induced excitation, as reflected in the
last equation of Eq. (6).
mlz.} +¢12; + kizy = Fi(t) + Fcoupling,l
leﬁbl + Cd)lﬁbl + k¢1¢1 = M, (8) + Mcoupling,xl
Iylel +cp10; + ko160, = y1 ) + Mcoupling,yl
mz%z + ¢, 7, .+ kyzy = F5(t) + Feoupling,2
Ix2<.l.)2 + C¢2¢2 + k¢2¢2 = My, (t) + Mcoupling,xZ
1y2€2 + Co2 9? + kgp0, = y2 ) + Mcoupling,yz
Lz + cysths + kyzps = My3(t)
myZy + (¢ + Csoi)Ze + (ke + Ksoi)Ze

= C50i14o(t) + k011 qo(t)

(6)

It is noted that the coupling forces satisfy
action-reaction pairs and do not introduce additional
external work into the overall system.

2.2.2 Soil Stimulation and Interaction Models

To close the dynamic model defined in Eq. (2.6), the
external excitation sources and interaction forces
acting on the system are specified as follows.
Excitation from the field surface is represented
using harmonic (sinusoidal) terrain profiles. Soil
settlement and the corresponding soil reaction forces
are evaluated based on the Bekker pressure—sinkage
model and subsequently linearized within the
operating range to facilitate state-space formulation
and oscillation analysis.
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Accordingly, the field-induced excitation inputs
41,92, ---, q1pare modeled as sinusoidal functions, as
expressed by Eq. (7).

qi(t) = A;sin(w;t + ¢;) (7
The excitation amplitudes were selected to
represent typical terrain irregularities encountered
during shallot planting operations on soft and
uneven fields, rather than extreme or failure
conditions. The adopted harmonic components are
intended to approximate realistic surface profiles
consistent with low-speed agricultural operation
scenarios. Moreover, the excitation frequency can be
related to the tractor forward speed v and a
characteristic terrain wavelength A via f = v/A.
This relation provides a physical interpretation of
the dominant frequency range observed in the
simulations (approximately 0.5-2 Hz) and supports
the relevance of the frequency-domain results to
practical operating conditions.
Bekker provides pressure-sinkage P(z). The
soil reaction force is obtained Fg,; =P.A as
linearized about z, as expressed by Eq. (8).

®)

Fsoil ~ FO + Csoilzt + ksoil(zt - ZO)

The coupling forces between the tractor and the
working machine are modeled as linear elastic-
damping elements acting on the relative
translational and rotational motions at the joint. This
formulation captures the dominant energy transfer
mechanism through coupling while avoiding
unnecessary model complexity.

2.2.3 State-Space Models

The second-order differential equation system given
in Eq. (6) is transformed into an equivalent state-
space representation, as expressed in Eq. (9). The
resulting state vector consists of 16 state variables,
representing the generalized displacements and
velocities of the system degrees of freedom.

The corresponding state-space matrices A, B, C,
and D are constructed according to the system
parameters and are summarized in Table 2. These
matrices are subsequently implemented in the
Matlab/Simulink  environment for numerical
simulation and dynamic response analysis.

X =Ax+ Bu
y=Cx+Du ©)
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Table 2. Status matrices
Matrix | Dimensions Meaning
A 16x16 system state dynamics
B 16x10 input excitation distribution
C 16x16 output selection/observation
D 16x10 direct feedthrough

w

ource: created by the authors

The x(t) state vector consists of 16 components
that describe the position and velocity of 8 degrees
of freedom:

x(t) =[z1, @1, 01, 22, @, 92,.Zt, v, 21, @1, 01, 22, ¢, 6,
2, P3] T

The input vector u(t) consists of 10 excitation
force signals from the field surface:

U(t) = [ql(t)a q2(t): q3(t): q4(t)5 CIS('[), q6(t)a q7(t)a qg(t)a
qo(1), qro()]"

State-space  representation  provides a
convenient framework for future control-oriented
studies. While observability and controllability
analyses are beyond the scope of the present work,
the selected state variables represent physically
meaningful quantities and form a suitable basis for
subsequent controller design and vibration
mitigation research.

3 Problem Solution

3.1 Matlab/Simulink Simulation

The overall structure of the Simulink model consists
of several functional blocks. The Input Excitation
block includes ten excitation signals, where q; <+ gg
represent the ground-induced excitation forces
acting on the wheels, g9 denotes the excitation force
applied to the shallot planting head, and g,
corresponds to the excitation force acting on the
coupling joint.

The system dynamics are implemented in the
State-Space block, which is defined by the standard
state-space representation:

x=Ax+Bu,y=Cx+Du
where x is the state vector and u is the input
excitation vector.

The Signal Processing block employs
demultiplexing operations to separate the state
variables and compute the corresponding

displacement, velocity, and acceleration responses.
Finally, the Signal Visualization block uses scope
and plot modules to observe and analyze the system
responses. A schematic diagram of the overall
Simulink model structure is presented in Figure 3.
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Fig. 3: Simulink block diagram of_the stag—space

model
Source: created by the authors

3.2 Simulation and Discussion Results

3.2.1 LHM Simulation Results

The stability of the tractor-implement—planting
head system was evaluated using the eigenvalues of
the state matrix A. As shown in Figure 4(a), all
eigenvalues are in the left half of the complex plane,
with the maximum real part maxR(A)=—2.8782,
confirming that the system is asymptotically stable.

STABLE SYSTEM 4 Input States of the State Matrix A
Max Re(A) = -2.8782 <10 Test

400+ 1

300+ 1

200

100 -

Imaginary Part

=100 |

200

300

-400 - 1

-400 -300 -200 -100 1] o 0.2 04 0.6 08
Real Part Time [s]
(a) (b)
Fig. 4: Survey graph affecting parameters associated
with system stability

Source: created by the authors

The responses under four initial state
perturbations Figure 4(b) remain bounded and
converge to steady oscillations without drifting or
amplification, with response magnitudes on the
order of 10*. This behavior provides a consistency
check for the developed state-space implementation.

Three representative road roughness excitations
were applied at the tractor wheels (Figure 5),
including harmonic, random, and pulse-type inputs.
The harmonic excitation produces a steady periodic
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input, the random excitation results in broadband
fluctuations, and the pulse-type excitation generates
short-duration impulses representing the most
severe condition in terms of peak disturbance levels.

Ogiarmonic Excitation of Road Roughness Acting on the Tractor (q1-q4)

(m)

0

o —aql
k] —_q2
=] 0
= \ I i
£ M——q4
L 002 n L ) | s
0 1 2 3 4 5 6 7 8 9 10
Time (s)
To 01Ranx:lom Excitation of Road Roughness Acting on the Tractor (q1-q4)
= g3
3 —ot
< -V
0 1 2 3 4 5 6 7 8 9 10
Time (s)
B Pulse-Type Road Roughness Excitation on the Tractor (q1-q4)
= —a
§ 0.02 —q2
Z001F e
3 =
E o ) ) L ) .
0 1 2 3 4 5 6 7 8 9 10
Time (s)

Fig. 5: The input stimuli act on the wheels of the

tractor
Source: created by the authors

Figure 6 shows the tractor responses in vertical
displacement z;, pitch angleg, and roll angle 0.
The responses remain stable under all excitation
types. Pulse-type excitation yields pronounced
transient peaks compared with harmonic and
random cases, indicating that the tractor response is
mainly governed by impulsive disturbances. For
rotational motions, the pitch response is consistently
more pronounced than the roll response, implying
that longitudinal oscillations dominate the tractor
dynamics.

Tractor Vertical Displacement (z1) Tractor Pitch Angle (¢1) Tractor Roll Angle (81)
40 0. T 1

| | — Harmoni t
——Random 04 ——Random ——Random
Pglse 202 Pulse 0.5 Pulse
S g,
B 3
-0.5
04
10 0 5 0 o 5 10
Time (s) Time (s) Time (s)
Fig. 6: Dynamic response of tractor vertical
displacement

Source: created by the authors

The working machine responses are presented
in Figure 7. Compared with the tractor, the working
machine exhibits stronger sensitivity to terrain-
induced disturbances, particularly under pulse
excitation, where the vertical displacement z, shows
larger transient peaks. The rotational responses ¢
and 0, remain bounded but reveal higher fluctuation
levels, consistent with the effect of elastic coupling
between the two subsystems.
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Vertical Displacement (z2) Pitch Angle (92)
30

——Harmonic|

Roll Angle (62)

——Random
Pulse

20 0.2

10

-

z2 (mm)
92 (dd)
o

-04
0 5 10 0 5 10

Time (s) Time (s)

Fig. 7: Dynamic response of working machine

vertical displacement
Source: created by the authors

Figure 8 reports the responses of the shallot
planting head displacement z; and the coupling yaw
angle y3. The planting head shows limited vibration
levels under harmonic and random excitations,
whereas pulse excitation produces distinct
displacement spikes, which may affect planting
depth consistency. The coupling yaw angle exhibits
the largest transient peaks under pulse excitation,
indicating that the coupling joint is a critical
location for vibration transmission within the
coupled system.

Shallot Planting Head Displacement (zt) Coupling Yaw Angle (y3)
10

——Harmonic,

——Harmonic
—— Random
Pulse

Wy
v
] 2 4 6 8 10
Time (s)

Fig. 8: Vertical displacement of the planting head
and yaw angle of the coupling joint
Source: created by the authors

Y3 (d6)

Time (s)

A quantitative comparison of RMS and
maximum responses is provided on Figure 9. The
RMS wvalues reflect sustained vibration levels
associated with operational smoothness, whereas the
maximum responses under pulse excitation capture
extreme transient loads relevant to durability
assessment. The comparison highlights z, y3, and ¢
as critical response states, under severe
disturbances.

Comparison of RMS and Maximum Responses of System States

M IRMS Harmonic
L IRMS Random | |
0.035 [ IMax Pulse
0.03 b
0.025 b
S
2 002 .
>
0.015F
0.01F B
0.005 I I b
0
z1 @1 a1 z2 @2 682 zt w3

State

Fig. 9: Stability test graph and RMS analysis
Source: created by the authors
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Frequency Response z1 Frequency Response @1
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Fig. 10: Frequency response of the coupled system
states
Source: created by the authors

Frequency (Hz)

The frequency-domain results Figure 10
indicate that the dominant resonances of the vertical
motions z; and z, occur in the low-frequency range
of approximately 0.5-2 Hz, which is characteristic
of body-mode dynamics in low-speed vehicle-
implement systems. The planting head response
remains lower in magnitude than the main-body
vertical motions across the analyzed band,
suggesting that the most critical planting head
excursions are primarily associated with transient
pulse-type inputs.

3.2.2 Discuss the Results

The dynamic responses obtained in the present
study are consistent with trends reported in recent
investigations of agricultural vehicle and multibody
system  dynamics. Low-frequency  vibration
components dominate the system response, which
aligns with tractor dynamics simulations conducted
under realistic operating conditions, [4], [5]. Such
low-frequency behavior is commonly associated
with vehicle body modes and coupling dynamics,
indicating that suspension stiffness, damping, and
joint compliance play a critical role in vibration
transmission.

The sensitivity of the simulated responses to soil
stiffness and damping parameters is in agreement
with soil-vehicle interaction studies reported in the
literature. [3] demonstrated that variations in soil
stiffness constants significantly influence the
dynamic behavior of agricultural machinery
operating on paddy soils. Similarly, investigations
incorporating deformable terrain models have
shown that soil compliance and contact modeling
assumptions can amplify transient loads and alter
resonance characteristics if not adequately
represented, [7]. The present results confirm that
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soil-tool interaction must be explicitly considered
when evaluating vibration behavior of planting
units, [8].

The influence of coupling dynamics observed in
this study is also consistent with multibody
modeling results reported for articulated and
tractor—trailer systems. [5] and [10] showed that
coupling geometry and joint dynamics strongly
affect system stability and transient response. In the
present model, the inclusion of yaw dynamics at the
coupling joint provides additional insight into
internal force transmission mechanisms that are not
captured in tractor-only formulations. Similar
stability considerations have been reported for
coupled vehicle systems operating under demanding
conditions, [11].

From a methodological standpoint, the state-
space representation employed in this work enables
a systematic stability analysis of the coupled system.
State-space and multibody formulations have been
widely adopted to analyze the dynamic behavior of
mechanical systems with multiple degrees of
freedom, [13]. Within the WSEAS framework,
earlier conference contributions demonstrated the
applicability of state-space-based dynamic modeling
to vibration and stability analysis in complex
mechanical systems, [9]. The marginal-to-stable
behavior identified in the eigenvalue analysis of the
present study highlights the importance of damping
and parameter tuning, which is consistent with
general stability principles reported in recent vehicle
and multibody dynamics literature, [11].

4 Conclusion

A coupled dynamic model of shallot planter union
was developed and implemented in a
MATLAB/Simulink environment to investigate
vibration behavior under soft-soil operating
conditions. The model integrates tractor and
working machine dynamics with elastic coupling
effects and a Bekker-based soil interaction
description, allowing the main  vibration
transmission mechanisms within the system to be
examined.

The simulation results confirm asymptotic
stability of the coupled system and show that
transient terrain disturbances play a dominant role in
generating peak dynamic responses. Coupling yaw
motion and planting head displacement were
identified as critical response states, while
frequency-domain analysis revealed low-frequency
amplification associated with body-mode dynamics
of the tractor—implement assembly. These findings
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are consistent with trends reported in multibody and
soil-machine interaction studies.

The proposed modeling framework provides a
physically interpretable and computationally
efficient tool for preliminary vibration assessment
and parameter tuning of shallot planting machinery.
Future work will focus on field experiments for
parameter calibration, extension to spatially varying
soil properties, and the exploration of vibration
mitigation strategies aimed at improving planting
stability and uniformity.
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