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Abstract  
Manual, semi-conventional, and conventional weed eradication are 
the three forms of weed eradication utilized. Farmers benefit greatly 
from the usage of weeding equipment in combating pests in the 
fields. The blade you use determines how successful you are at 
weeding. As a result, it is required to examine the weeding weeds 
blade. With a tetrahedral mesh, simulation utilizing the finite 
element analysis approach allows for the optimization of design, 
computation, and prediction of material strength. The goal of this 
research was to figure out how much von Mises's stress, 
deformation, and safety factor were worth. ANSYS Workbench 
software was used to simulate various loadings of 10N, 25N, and 
50N. The highest von Mises stress created by simulation of 
modelling weed blades at 10N, 25N, and 50N loads is around 
2.95x10-2 MPa, 7.38x10-2 MPa, and 0.14755 MPa, respectively. 
Each of the safety factors is 15, and the maximum deformation 
value is 4.26x10-7mm; 1.06x10-6mm; 2.13x10-6mm. The safety 
factor indicates that the weed weeding knife design is safe to use 
up to 50N loading. 
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INTRODUCTION  

Mechanical equipment with a series of 
blades mounted on a revolving s is frequently 
used to cultivate soil [1]. One of the best 
methods to develop land is through 
intensification. Farmers must also look for an 
acceptable method/breakthrough to boost rice 
productivity, such as altering the space 
between rice and removing weeds. Weeds are 
one of the plant species that prevent rice plants 
from growing [2]. 

There are three types of weed eradication 
methods now on the market: manual (hand), 

semi-automated, and conventional. In one rice-
growing season, weeding is done twice. Weeding 
by hand consumes a lot of energy and takes a 
long time [3]. Semi-weeding is done with tools 
and a manual drive, whereas traditional weeding 
is done with tools and machine power. This 
provided the impetus for the development of a 
prototype weed weeder to support farmers in the 
effective and efficient eradication of weed pests. 
The weed weeding machine is made up of 
numerous parts, one of which is a weeding knife. 
The weeding machine's blade has a significant 
impact on the weeding performance.  
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The initial step in the machine-building 
process is to create a design. Machine design 
that incorporates recent technical advancements 
can drastically cut expenses [4].  

Design optimization is required to reduce 
production defects and increase blade life, 
resulting in reduced idle time [5]. The blade is the 
determining factor in the success of the weed 
weeding operation [6]. As a result, it is required to 
examine the weeding weeds blade. The method 
of Finite Element Analysis (FEA) is used to 
analyze stresses and other characteristics [7]. 
Optimizing the design, performing theoretical 
calculations, forecasting the strength of a 
material [5], [8] and confirming the loading force 
with regression analysis [9] are all advantages of 
Finite Element Analysis (FEA). The design is 
capable of cutting, and the structural analysis is 
good, according to prior research examining the 
optimization of the blade by numerical simulation 
[10]. Numerical simulation has the advantage of 
being able to make quick forecasts without the 
need for field testing [11], [12].  

The goal of this study is to design a 
modelling weed blade utilizing the Finite Element 
Analysis (FEA) approach and the ANSYS 
workbench to analyze the stress and strength of 
the weeding blade, based on the following 
explanation of the challenges. The determination 
of stress levels is critical in the design of 
agricultural machinery [13]. The interaction 
between the soil and the agricultural equipment 
determines the degree of tension on the tilling 
machine [14]. The nature of the soil, the form and 
size of the claws, and extra accessories all 
influence the stress level [15]. The study's 
findings include von Mises stress, displacement, 
and the safety factor. 

METHOD 
Design  

CAD software was used to model the weed 
weeding blade. It is then saved in *iges format so 
that the ANSYS Workbench software can read it. 
The blade design is generally determined by the 
weeding machine's mechanism holder. Table 1 
shows the shapes and dimensions of the blade 
design. Figure 1 depicts the weed weeding 
machine model. Figure 2 depicts the design of 
the weed weeding blade. The shape utilized 
alters the degree of usability. Manufacturing and 
customizing marijuana weed knives. 

 
Table 1. Size of weed blade geometry 

Geometry Value 

Long  37,35 mm 
Wide 8,19 mm 
Thick 5 mm 
Blade Length  71,81 mm 

 
Figure 1. Design of weed weeding machine 

 

 
Figure 2. Weed wedding knife 

 
Ansys Workbench 

Ansys workbench is a simulation platform 
used by engineers to address engineering 
problems [16], including features such as 
material structural analysis, CFD analysis, heat 
transfer analysis, meshing, and engineering data 
[16]. The advantage of the Ansys workbench is 
that it can operate many solvers in one package 
with diverse interfaces, yet it is integrated into 
one system, such as CAD, CAM, and CAE, 
making it easier for engineers to construct 
geometric models [16], [17]. When conducting 
simulations, engineers must follow a number of 
procedures. According to [18], these steps 
include design, mesh division, boundary 
condition determination, and mathematical 
modeling. 
 
Finite Element Analysis 

Various phenomena in science and 
engineering may now be represented by 
employing a mechanical continuum to formulate 
differential equations. Due to the intricacy of 
material properties, boundary conditions, and the 
geometry of the structure itself, analytical 
solutions to partial differential equations are often 
difficult to acquire [19]. Numerical analysis 
utilizing the finite element method is one possible 
answer to such a challenge. By using numerical 
methods to generate approximate solutions, the 
finite element method converts partial differential 
equation problems into linear algebraic equations 
[20].  
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The finite element approach can be used 
to tackle a variety of issues, including physical 
ones. The finite element approach can be used to 
handle a variety of physical problems, including 
structural analysis problems, buckling, and 
vibration analysis [21]. The most common 
application of the finite element method is 
structural analysis. The term "structure" refers to 
structures other than buildings and bridges, such 
as aeronautical, naval, and mechanical ones. 
Structural analysis (static structural) ignores the 
effects of inertia and damping and considers 
displacements, stresses, strains, and forces on 
the structure as a result of loading. In the science 
of solid mechanics, analysis structure is 
extremely essential. The study of static structures 
can be linear or nonlinear [22]. A structure's 
failure can be investigated to reduce the error 
function, develop a stable solution, and solve 
engineering challenges [22]. 

 
Material 

The structural steel material employed in 
this study for weed weeding blades has the 
qualities shown in Table 2. Structural steel was 
chosen since it is commonly utilized in the 
production of weed-whacking blades. For 
analysis, the data in the table will be entered into 
the ANSYS Workbench program. A 1.4 HP drive 
engine powers the weed weeding blades. Table 3 
shows the parameters of the drive motor utilized 
in Mustang lawnmowers. 

 
Meshing 

Domain division or meshing has an impact 
on Finite Element Analysis (FEA) modelling [23]. 
Mesh is a simulation method with a high level of 
complexity [24]. The mesh results will have an 
impact on the simulation's convergence [25], [26]. 
Errors in meshing can be deadly, resulting in 
errors and simulation failures; if this happens, the 
mesh must be recreated. 

 
Table 2. Blade mechanical properties  

Properties Value 

Young’s Modulus 2x105 Mpa 
Poisson’s Ratio 0,31 
Density 7750 kg/mm-3 
Tensile Yield 
Strength 

320 Mpa 

Tensile Ultimate 
Strength 

400 Mpa 

 
Table 3. Condition of the blade at work 

Parameter value 

Type Machine 150 cc 
Spin Speed 6000 rpm 
Power 1,4 Hp 
Cilinder Contents 30,5 cc 
Tank Capacity 1,2 litre 

The results will be more accurate if the 
mesh is smaller, but the simulation procedure will 
take longer [27]. Hexahedral mesh, polyhedral 
mesh, and tetrahedral mesh are among the mesh 
types employed in CFD simulations [28], [29]. 
The tetrahedral mesh was employed in this 
study. As demonstrated in Figure 3, the usage of 
a tetrahedral mesh is preferable for stress 
distribution simulation [30] and is extensively 
utilized due to CFD modelling on irregular 
geometries [28].  
 
Initial Condition 

At this step, the constraints in the form of 
fixed support on the side and topsides must be 
determined; this was chosen because that 
section does not receive a fixed force, as seen in 
Figure 3. The knife is then thrust forward with 
vigour. The blade of the weeding machine will 
chop and weed the weeds that develop between 
the rice plants as it travels forward. The blade will 
be loaded during the weed cutting and weeding 
procedure, as shown in Figure 4. Figure 5 shows 
the force ones. The fluctuation of loads proposed 
in this study is based on this phenomenon (10 N, 
25N and 50N). The simulation program is ready 
to run once the initial circumstances have been 
set. Von Mises stresses, deformations, and 
safety figures will be generated as a result of the 
simulation findings. 

 
Mathematical Modeling 

The simulation approach yielded 
parameters such as total deformation, equivalent 
stress, and safety factor. The following equation 
can theoretically be used to calculate the 
equation regulating the value of strain and stress: 

 

is stress,  is strain,  is poison ratio and E is 

young’s modulus of a material. 
 

 
Figure 3. Tetrahedral mesh 
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Figure 4. Fixed Support 

 

 
Figure 5. Force 

 
While the following calculation can be used to get 
the safety factor value: 

SF =  

SF is a safety factor,  is allowable material 

stress,  is stress on the material. 

RESULTS AND DISCUSSION 
Von Mises Stress 

There is pressure in an elastic object that 
functions in multiple directions [31]. Von Mises 
stress is a factor of whether a material is safe to 
use or whether it will fail throughout the process 
of use [32]. If the value of the von mises stress is 
greater than the material's strength, Von Mises 
can fail [33]. The von Mises stress distribution 
during operation is determined using the ANSYS 
Workbench software's analysis method for 10N, 
25N, and 50N load changes. Figure 6, Figure 7, 
and Figure 8 illustrate the results of the 
simulation analysis of weeding blade modelling 

In the simulation of modelling weeding 
blades with variations of 10N, 25N, and 50N, the 
maximum von mises stress values are around 
2.95x10-2 MPa, 7.38x10-2 MPa, and 0.14755 
MPa, respectively. While von Mises stress has a 
minimum value of 8.55x10-3 MPa, 2.14x10-2 
MPa, and 4.28x10-2 MPa. Because the stress 
determination is directly proportional to the 
magnitude of the force received by an item, the 
maximum von mises value grows as the provided 
load increases [33].  

 
Figure 6. Von Mises Stress 10 N 

 

 
Figure 7. Von Mises Stress 25 N 

 

 
Figure 8. Von Mises Stress 50 N 

 
Deformation 

A key signal, namely deformation, can 
reveal the determinants of a material's strength 
and whether or not it can handle the load. The 
material's strength is proportional to its 
deformation value [34]. When an object is 
subjected to a force or a load, deformation can 
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occur [34]. Figure 9, Figure 10, and Figure 11 
demonstrate the simulation results of modelling 
weeding blades.  

In the simulation of weeding blades with 
loading changes of 10N, 25N, and 50N, the 
maximum deformation values are 4.26x10-7mm, 
1.06x10-6mm, and 2.13x10-6mm, respectively, 
while the minimum deformation value is 0. This 
demonstrates that the stronger the material is, 
the less the deformation [34]. The simulation 
findings show that even when the component is 
subjected to high stress, it does not deform 
significantly. The component will be damaged if it 
is unable to resist the applied load [35]. 

 

Figure 9. Deformation 10 N 
 

Figure 10. Deformation 25 N 

 
Figure 11. Deformation 50 N 

Safety Factor 
The lowest value of a design's safety factor 

[36] is a good measure of how safe it is to use. 
One of the factors used as a reference for stress 
testing on modelling an object is the safety factor 
[37]. Figure 12, Figure 13, and Figure 14 illustrate 
the outcomes of the modelling simulations. The 
blade modelling simulation findings demonstrate 
that the safety valve in the blade simulation is 15, 
indicating that the design described in this study 
is safe to use and fulfils the allowed safety 
values.  

The safety factor of a good model is 
greater than one [33], [38]. The safety factor for a 
material capable of withstanding dynamic loads is 
usually between 2-3 [39]. The safety factor value 
is adequate to sustain shock loads [39]. Factor 
The safety factor is employed in the evaluation 
process to ensure that the proposed design is 
safe, and it becomes a measure of an element's 
strength [40]. In the design of a modelling 
simulation, numerous elements influence the 
safety factor [37]. The primary factors, according 
to researchers, are (a) the accuracy of the 
calculated load; (b) the usage environment; (c) 
the material's qualitative and craft factors; and (d) 
the need for plastic deformation and stiffness. 
[37]. In general, the safety factor value in this 
investigation met the standards for enduring 
dynamic loads. Loads that arise unexpectedly 
and change over time are known as dynamic 
loads [40][41]. 
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Figure 12. Safety Factor 10 N 

 

Figure 13. Safety Factor 25 N 
 

 
Figure 14. Safety Factor 50 N 

 
CONCLUSION 

The distribution of the von Mises stress 
distribution, deformation at 10N, 25N, and 50N 
loading variations has risen, according to the 
results of the analysis and discussion. At 50N 
loading, the greatest von mises stress and 
deformation were 0.14755 Mpa and 2.13x10-6 
m/m. The safety factor result for each variant is 
15, indicating that the weed weeding blade 
structure is exceptionally safe and can handle a 
load of up to 50 N. As a weed weeding machine 
blade, the steel construction blade model is 
recommended. 
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