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Abstract. This article presents the way to obtain the structural model for elementary linear-elastic static analysis 

of the moldboard of the plow. Also, to prove the functionality of the structural model obtained, the structural 

analysis results for the linear elastic static test are presented. These results are useful for estimating the safety 

factor and for assessing the behavior in major overstress situations at the main part of the machine. Structure 

dynamics is a very broad discipline that uses a huge arsenal of theoretical and experimental methods to solve the 

fundamental problem of structures: the dynamic response to variable tasks over time. Vibrations, and especially 

vibration in resonance modes, are problems that occur frequently in large structures. As large structures with large 

numbers of components cannot be optimally engineered for resonant regimes, it is often done to resolve structures 

or improve them by using the modal analysis of the mathematical models of these structures. The usefulness of 

this analysis is particularly evident in the testing phase and even in the first stages of operation when it is necessary 

to improve the working regime of a product of the type analyzed. The main results of the static linear-elastic 

structural analysis are the values of the reactions in the holders, vector field distribution of the relative – resultant 

displacement in the structure, tensor fields’ distribution of the specific deformation and the Cauchy stress tensor 

in the same structure. Also, an important result for structure safety is the distribution of the safety factor. The 

analysis of the equipment’s own spectrum allows proper identification of the main frequencies, at which a resonant 

working regime can occur as well as the necessary forces to choose the optimal vibration system. 
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Introduction 

The first step is to create a CAD model of the plow in SolidWorks. This model should include all 

the parts that make up the plow, such as the moldboard, the share, and the shank. 

Once the model is complete, the next step is to define the material properties of each part. This 

includes the Young’s modulus, Poisson’s ratio, and density. These properties are critical for accurate 

analysis. 

The next step is to apply loads and boundary conditions to the model. This involves defining the 

forces and moments that act on the plow and how it is constrained. The loads can include the weight of 

the plow, the force required to pull it through the soil, and the impact of rocks and other obstacles. 

With the loads and boundary conditions defined, you can then run a static structural analysis. This 

analysis calculates the stresses, strains, and displacements of the plow under the applied loads. You can 

use the results to identify areas of the plow that are likely to experience high stresses and potential 

failure. 

After completing the structural analysis, you can perform a modal analysis. This analysis determines 

the natural frequencies and modes of vibration of the plow. By knowing the natural frequencies, you 

can avoid operating the plow at those frequencies to prevent resonance and potential damage. 

Once you have identified the natural frequencies, you can then choose the vibration system at the 

moldboard. The goal is to select a system that operates at a frequency different from the natural 

frequencies of the plow. This way, the vibration system can effectively break up soil without causing 

damage to the plow. 

In summary, performing a structural and modal analysis in SolidWorks of an agricultural plow can 

help identify potential failure points and choose an appropriate vibration system at the moldboard. The 

study of these problems with the help of structural and modal analysis is carried out worldwide [1; 2]. 

The finite element method is very common in design, because it allows simulation of processes [3-6], 

stress distribution in the structure [7; 8], assemblies, subassemblies or equipment [8], which are then 

verified by simulated and accelerated tests [10] to be validated in real conditions. 
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The resistance encountered [11] by the plowshare during work, in general, can be determined by 

the relationship: 

 Rpl = R1 + R2 + R3,  (1) 

where R1 – resistance encountered by the plowshare during its own displacement (in empty space) 

in the furrow; 

R2 – resistance encountered by the plowshare during the cutting and deformation of the 

soil; 

R3 – resistance encountered by the plowshare during the overturning and lateral 

displacement of the soil (of the furrows). 

After certain substitutions, the final relationship becomes:  

 Rpl = kabnt, (2) 

where k – soil resistance during plowing, in daN·cm-2; 

 a – working depth of the plowshare, in cm; 

 b – working width of the plow body, in cm; 

 nt – number of plowshares. 

The representation of the action of these forces on the plow shaft are shown in Figure 1. 

 

Fig. 1. Action of the forces on the MOLDBOARD from the plow 

As results from relation 2, the resistance of the soil to plowing includes all the resistances that 

oppose the working displacement of the plow. Depending on the type of soil, k has the following values: 

0.25-0.35 daN·cm-2, for light soils; 0.35-0.55 daN·cm-2, for medium soils; 0.6-0.8 daN·cm-2, for heavy 

soils and 0.8-1.4 daN·cm-2 for very heavy soils. In our case, ab is the area of the contact surface of the 

body with the soil, and k is 0.35-0.55 daN·cm-2 medium soils. 

Overall, the plow is an essential tool for farmers and has been used for centuries to prepare soil for 

planting crops. Its design has evolved over time to become more efficient and effective, and modern 

plows can be pulled by animals or machines and come in a variety of sizes and shapes to meet the needs 

of different farmers and farming conditions.  

Materials and methods 

The first step in performing the analysis after transforming CAD to CAE format is to establish the 

input data: the chosen material is E355 with the characteristics from Table 1, calculation of the ab surface 

for formula (2) in Fig.2.a, fixing of the body in Fig. 2.b, application of force in Fig. 2.c, and discretization 

of the structure in Fig. 2.d. 
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Table 1 

Characteristics of material E355 

Characteristic Value Unit 

Elastic Modulus 2.100000031e + 11 N·m-2 

Poisson’s Ratio 0.28 N·A-1 

Shear Modulus 7.9e + 10 N·m-2 

Mass Density 7800 kg·m-3 

Tensile Strength 550000000 N·m-2 

Compressive Strength  N·m-2 

Yield Strength 275000000 N·m-2 

Thermal Expansion Coefficient 1.1e-05 K-1 

Thermal Conductivity 14 W·(m·K)-1 

Specific Heat 440 J·(kg·K)-1 

 

a)

 

b)

 

c) 

 

d) 

 

Fig. 2. Input data for Simulation Structural ANALYSIS 

Results and discussion 

Structural analysis of a MOLDBOARD  

The primary outcomes of the linear-elastic static structural analysis include the distribution of the 

vector field of relative-resultant displacement and Cauchy tension within the structure. Additionally, the 

safety factor distribution is an essential outcome for ensuring the structure’s safety. Figure 3 depicts the 

distribution maps of the values of the relative displacement field on the structure surface. It is noteworthy 

that the highest value (approximately 1.29 mm) is situated on the outer edge of the grip region.  

Figure 4 displays a colour map of the maximum equivalent tension values, with the area of 

maximum stress being highlighted. It is important to note that since the analysis is conducted in the 
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elastic-linear domain, the distribution of the total specific deformation values will coincide with the area 

of maximum specific deformation. 

 

Fig. 3. Distribution of relative displacement field values resulting on the structure surface 

 

Fig. 4. Representation of equivalent tension distribution on the structure surface 

Finally, Figure 5 shows the graphical representation of the safety factor distribution in the structure. 

 

Fig. 5. Safety factor distribution on the structure surface 

Modal analysis of a MOLDBOARD  

The outcomes of frequency calculation or modal analysis are dependent on a set of frequencies (in 

Hz) (pulsations in rad/s and periods in s) listed in Table 2 in ascending order, starting from the lowest 

frequency. The table also displays the relative displacements in each vibration mode separately, 

including the resultants in the structure. Additionally, colour maps presenting the field of relative 

displacements on component or resultant are available. 

Table 3 shows a list of the first five own frequencies along with normalized displacements on the 

three directions obtained from the SOLIDWORKS program report using the SIMULATION module for 

conducting the frequency analysis [12]. 
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Table 2 

List of own frequencies of MOLDBOARD 

Frequency Number Rad·s-1 Hertz Seconds 

1 690.62 109.92 0.0090979 

2 695.59 110.71 0.0090328 

3 1,637.6 260.63 0.0038369 

4 1,852.0 294.75 0.0033927 

5 2,280.7 362.98 0.0027550 

Table 3 

Mass Participation (Normalized) 

Mode 

Number 

Frequency 

(Hertz) 
X direction Y direction Z direction 

1 109.92 0.000801750 0.0100500 0.00085647 

2 110.71 0.034532000 0.0025980 0.01407400 

3 260.63 0.000027352 0.0119440 0.00048864 

4 294.75 0.001314500 0.0068367 0.00100130 

5 362.98 0.026875000 0.0408490 0.0133730 

Sum X = 0.063551 Y = 0.072278  Z = 0.029794 

An alternative presentation of these findings is demonstrated in Figures 6.a, 6.b, and 6.c, which 

display the respective own frequencies and the maps of amplitudes on the deformed shape of the 

structure in vibration modes that correspond to each frequency. Due to space limitations, only three of 

the five calculated vibration modes are presented in these figures. 

a) b) c) 

   

Fig. 6. Maps of amplitudes on the deformed shape of the structure 

The chosen vibrating motor has the following characteristics: revolutions 3000 min-1, nominal 

voltage 24/12 V, unbalance 4 cmkg, centrifugal force 1974 N and a nominal power 0,1kW and 

positioned on the structure according to Figure 7. 

 

Fig. 7. Positioning the vibrating motor 
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Conclusions 

1. The calculated normal stress, based on the method described in the paper, may overestimate the 

load capacity of the plow structure if potential accidents occur in the soil (such as hard objects) or 

if it is used in improper conditions. 

2. The safety coefficient value of 1.5, which is commonly used in the design and manufacturing of 

agricultural machines for soil tillage, suggests that there may be some room for optimization. 

3. According to the analysis performed, the frequency of the vibrating motor is below 100 Hz and will 

not resonate with the structure of the plow. 
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