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Abstract 

A Rotary Drum Mower (RDM) is a tractor-mounted mechanism used for harvesting green fodder 

crops. It faces dynamic forces from rough field surfaces and cutting resistance, posing design 

challenges and potential failures. This study aims to present a well-designed procedure for analysing 

the structural strength of an RDM during harvesting, employing both experimental and engineering 

simulation methods. A specific harvesting scenario was created to simulate realistic load conditions. 

Experimental testing and advanced computer-aided engineering (CAE) simulations were conducted. 

Tractor Power Take-off (PTO) torque measurements during harvesting revealed values of 

231.07 Nm, 264.44 Nm, and 269.39 Nm at speeds of 8.56 km h-1, 12.6 km h-1, and 16.23 km h-1, 

respectively. Finite element analysis (FEA) was conducted to determine stress levels in the RDM 

components (RDM165-A-004, RDM165-B-003, and RDM165-B-004). The FEA stress results 

ranged from 5.070 MPa to 20.600 MPa, 13.800 MPa to 28.600 MPa, and 5.400 MPa to 27.550 MPa, 

respectively. Experimental testing yielded stress results ranging from 2.127 MPa to 18.600 MPa, 

14.618 MPa to 33.229 MPa, and 8.838 MPa to 31.248 MPa, respectively. The comparison between 

experimental and FEA results showed reasonable correlation. FEA visual outputs provided insights 

into the maximum equivalent stress and deformation distributions on the RDM, with no indications 

of failure in the machine's structure observed in either the experimental or numerical analyses. In 

conclusion, this study demonstrates that the machine analysed operates safely under harvesting 

conditions. Moreover, the combination of experimental and advanced CAE methodologies presented 

in this research offers a valuable approach for future investigations into the complex stress and 

deformation evaluations of rotary drum mowers. 

 

Introduction 

Since people first began domesticating animals, forage crops have been used (Horrocks & 

Valentine, 2000). Fodder crops, which mainly consist of grasses but may also include alfalfa, field 

pea, clovers, and various other grasses, are planted for the purpose of producing hay, silage, or green 

animal feed. These crops are of significant importance compared to other agricultural crops, as they 

require similar amounts of input, care, and management (Day et al., 2009; El-Baily, 2022). Harvesting 

fodder crops among other cultivation practices is an important agricultural task. Harvesting fodder 

crops can be fundamentally carried out in two stages. These are cutting (mowing) and picking up 

mown crops from windrows. Although, the fodder harvesters are mostly driven by agricultural 

tractors (Martinez-Valencia et al., 2021), they may be self-propelled or pull-behind. Each fodder 

harvest theoretically starts with cutting, regardless of the intended use. Farmers might accomplish 

this by using rotary mowers (vertical axis) or conventional cutter bar mowers. Rotary mowers employ 
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rotating discs or drums, whereas cutter bar mowers use reciprocating knives to cut the plant. Vertical 

axis mowers avoid many of the issues that reciprocating machines experience by using freely pivoting 

blades attached to rotating shafts to cut the crop (Srivastava et al., 2013). Vertical axis rotary mowers 

can be divided into two types: disc and drum.  

Tractor mounted rotary drum mowers have a wide range of use in the harvesting of fodder crops 

with the advantages of adjustable cutting height, high quality of the cutting, durability, high ground 

speeds etc., most especially, for small and medium sized agricultural enterprises. During the 

harvesting operation, the combination of the mowers revolution, forward velocity and plant cutting 

resistance cause the reaction forces that act on the machine elements and mowing mechanism and 

this may result in structural deformation which may cause undesired machine failure. Therefore, in 

the total design cycle of a rotary drum mower (RDM), it should be focused on two important 

perspectives; harvest mechanism and structural strength.  

In the design cycle of these type of machines, it is essential to determine the functioning and 

design limits of the machine components in accordance with the working conditions, and to establish 

and develop their design specifications within the design requirements and limits. The functioning 

and performance of machines are directly impacted by the structural design and durability of these 

systems or components. In order to prevent machine failures and maintain appropriate material weight 

and cost, structural durability assessment is one of the final steps before an agricultural machine 

prototype is released to the market (Paraforos et al., 2016). For designers, manufacturers, service 

providers, and end users, durability has evolved into a valuable design element. Additionally, 

durability facilitates the employment of circularity solutions for extending product lifespan, such as 

reuse, repair, refurbishment, and remanufacture. A machine with improved functioning and material 

savings as a consequence of such durable design is also essential for manufacturers (Mesa et al., 

2022).  

Unparalleled changes have been seen in computers' capacities to collect data, analyse, alter, and 

store it, as well as to disseminate and share information and use these abilities in a variety of contexts. 

In this regard, modern Computer-Aided Design and Engineering (CAD and CAE) technologies have 

taken on a major position for use in the machinery industry in recent decades, particularly within the 

arena of competitive product design activities. These applications serve in reducing effective 

operating cycles between traditional design processes and in improving overall process efficiency 

(Bi, 2021; Chakrabarty, 2022; Rembold et al., 1993) . However, despite the expanding trend in CAE 

based durability assessment, its development, application, and possible advantages might be gained 

from its usage in the product design stage are not precisely traced by small and middle scale 
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agricultural machinery manufacturers; most especially in Turkey, within the frame of implementation 

such new technological developments (Eryürük et al., 2019). 

In this paper, the focus is on the strength analysis of the structural components of the RDM. 

Previous research has examined the structural design of harvest mechanism’s components (Celik & 

Akinci, 2015, 2016). However, limited information can be found in published literature regarding the 

strength-based design analysis of the structural components of a tractor-mounted RDM specifically 

during harvesting operations. To address this gap, this study presents a systematic approach to 

strength-based design analysis and conducts stress analyses using both experimental and advanced 

engineering simulation methods. The analyses were performed on a sample tractor-mounted RDM 

during harvesting, and all the necessary analysis steps were thoroughly executed. The study follows 

a structured sequence, including the introduction of the Rotary Drum Mower, the work-cycle 

scenario, the experimental field test procedures, the FEA setup procedures, the FEA and field test 

results, the evaluation of the results, and the conclusion. 

 

Material and Methods 

Rotary drum mower 

The RDM studied in this paper was manufactured in Turkey by a local agricultural machinery 

manufacturing company. The company retains the intellectual property rights via patent protection 

specific to this machine (Yuksel Tarim Inc., 2013). In the design of this machine, a belt-pulley system 

was disregarded, instead, a gearbox was utilised to transmit the movement from the tractor power 

take off (PTO) to the drums (mowing mechanism). Additionally, this machine was designed as a 

tractor mounted type and adjustment of the transport (road) and harvesting positions can be provided 

by a cylindrical piston unit controlled by the tractor hydraulic system. Figure 1 provides the 

fundamental technical specifications of the RDM utilised in this study. 

 

Work-cycle Scenario for the RDM 

A successful design process for a machine system aims to provide intended functionally and 

durability within the specified design limits in the prescribed operation. From a durability perspective, 

the machine is assessed throughout by a strength-based design analysis process and it is expected that 

this will enable failure-free operation during the peak physical loading conditions. In the scope of the 

design assessment for the mower utilised in this paper, in order to adhere to design demands, the total 

work cycle of the machine including stationary position, transportation and harvesting operation 

should be clearly described. In this regard, a total work cycle scenario describing the RDM's 

operational circumstances was framed in this study. In this scenario, the machine's physical load 
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conditions were assessed for three loading features: (1) in-garage static linkage position; (2) during 

transportation; (3) during harvesting operation. This paper covers the structural strength analysis of 

the machine during harvesting operations. In-garage static linkage position and during the 

transportation on the way to the agricultural field were considered in another study (has not been 

published yet), which is not in the scope of this paper. The framed total work cycle scenario for the 

RDM is illustrated schematically in Figure 2. 

 

Experimental set-up 

Confirmation of the material properties 

Tensile tests were conducted to verify the material properties and determine the experimental 

failure threshold of the components related to the RDM. The manufacturing company confirmed that 

the structural components of the machine were made from standard machine manufacturing steel 

materials. In both experimental and simulation-based stress analyses, the yield stress point of the 

material was designated as the failure threshold, using the von Mises failure criterion. The specimens 

used in the tests were obtained from the manufacturer's stocks, specifically from the components 

designated for RDM production. Nine type-2 rectangular specimens (resembling dog bones) with 

thicknesses of 2.5 mm, 6 mm, and 8 mm were employed, following the "TS EN ISO 6892 1" Metallic 

Materials Tensile Test Standard. The tests were conducted using a SHIMADZU AG-X 100 kN tensile 

capacity test device. 

The tensile test results confirmed that the average yield, ultimate tensile, and fracture strengths 

of the material were 280.26 MPa, 404.23 MPa, and 348.69 MPa, respectively (Figure 3). These results 

confirm the suitability of the steel-based materials used in the production of the RDM in terms of 

their manufacturing (structural) steel properties. 

 

Experimental strain measurement set up 

In order to assess the RDM's deformation behaviour under in-field operating conditions and to 

evaluate the FEA outputs, experimental strain measurements were carried out on the machine during 

harvesting. Stress analysis for the targeted component groups were performed through strain data that 

were converted to equivalent stress values. The HBM K-RY81-6 series 0°/45°/90° three-element, 120 

ohm rectangular rosette Strain-Gauges (SG) were used to measure the strain using a universal data 

acquisition module of HBM-QuantumX MX840A with eight channels and 24-bit resolution 

capability (HBM, 2011a, 2011b). Strain data were recorded at a sample rate of 50 Hz and 

simultaneously converted to equivalent stress values in the CATMAN data monitoring and processing 

software (HBM Inc., 2022). 
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When selecting the SG bonding locations, consideration was given to the machine's essential 

loading locations, optimisable parts, and ability to represent high and low stress distributions that 

could possibly affect the components under actual loading conditions. In the SG bonding procedures, 

dimensional sizes of the component were also kept under consideration. Three SG rosettes were 

employed for the component RDM165-A-004 and seven SG rosettes for the components 

RDM165-B-003 and RDM165-B-004. SG bonding surfaces on the components were mechanically 

prepared, cleaned by using a chemical solvent (M-Bond 200 Catalyst) and bonding was realised 

through Vishay M-Bond 200 SG adhesive (Hoffmann, 1989; Vishay, 2007). Finally, to protect the 

SG surfaces from the damaging effects of the environment, a special coating tape and cold silicone 

are utilised. Details related to SG bonding applications on the specified components are shown in 

Figure 4. 

 

Field tests 

Field tests were carried out by harvesting alfalfa (Medicago L. species) in a 150 x 350 m (52.5 

da) field belonging to a local agricultural enterprise in Kadriye town, Serik district, Antalya province 

in Turkey. During the harvesting process, it is important to take into account the agricultural 

properties of the plants to be harvested in terms of determining the mowing parameters. It is likely 

that there will be differences in shear resistance values among forage crops such as alfalfa, sainfoin, 

vetch etc. (Turker, 1992). However, in the literature, no data were found showing that these 

differences have a significant effect on the loading conditions that the RDM is exposed to during the 

harvesting process. 

It is recommended to harvest alfalfa between the time 10% of the plants start to bloom and the 

time when the flowering reaches 33% of the plants (TRMoNE, 2012). All tests were carried out at 

the appropriate harvest time, taking into account the given flowering rates of the alfalfa plant. 

Measurements of the relevant agricultural data were carried out with reference to ‘Measurement of 

the Agricultural Data - Technical Instruction for Alfalfa Plant Species’ published by Turkish 

Republic, Ministry of Food, Agriculture and Livestock (TRMoFAL, 2001). 

At the measurement locations determined on the harvest area, a 500x500 mm frame was used 

and the plants within this frame were collected, and some physical dimensions of the plants were 

measured using a tape measure and digital calliper on randomly selected samples from each 

measurement location (25 specimens for each). The plant specimens taken from the field were 

transported to the laboratory retaining their moisture content. NUVE-FN 120 Model, +5-250 °C 

working temperature and 120 L volume capacity drying oven was utilised and the specimens were 

tested at 70 °C for 48 hours. A precision scale (A&D-GF-600) with an accuracy of 0.001 g was used 
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to measure the fresh and dry weights of the specimens. The moisture content of the specimens was 

determined according to the wet base. 

In the field tests, the harvest position of the machine was set up and the worst working 

conditions were considered during the mowing process. There is a spring system on the functional 

element group of the machine. Thus, the functional element group can move against the surface 

roughness in the direction of gravity on the soil surface. During the tests, the machine is mainly loaded 

with a draft force in the opposite direction of the tractor progress rather than the effect of gravity. In 

this case, the physical deformation evaluation of the machine was carried out by evaluating the 

equivalent stress values obtained by processing the strain measurement data taken on the previously 

selected components. A New Holland-TD75D Model, 2WD-75 HP agricultural tractor was utilised 

in the field tests. All field tests were carried out at 540 min-1 tractor PTO speed, with three repetitions, 

at three different tractor speeds. The signal flags were placed at 40 m intervals in the direction of the 

tractor's progress, and the time that the tractor took to cover the distance between the two signal flags 

during the tests was measured with a digital stopwatch and the tractor progress rate was calculated 

separately for each repetition using Equation 1. 

 

              (1) 

 

Here, Vt is the tractor's forward speed (m s-1), X is the distance between two flags (m), and t is 

the travel time (s). 

In the field tests, the torque measurement values of the tractor PTO were recorded separately 

for each repetition using a computer aided measurement system at three different tractor speeds by 

placing a torquemeter between the PTO and the universal shaft that mediates the first motion 

transmission to the machine. Additionally, the measurement of the torque value required by the 

machine to rotate the drum group to be used in the relevant evaluations was carried out in the garage 

environment by operating the machine in the harvesting position. DATUM-Electronics, 420 Series, 

0-1800 Nm capacity computer-aided measuring system and DATUM-Torque log software were used 

to measure and record torque data. In all measurements, the machine was operated with 540 min-1 

PTO speed and the sample rate during data recording was 10 Hz. 

As a power machine, the transmission of the movement from the tractor to the work machines 

in the form of draft power is provided with a three-point hitch or drawbar. During traction power 

transmission, there are some losses depending on parameters such as power losses in the motion 

transmission organs, ground properties, rolling resistance, skidding etc. As a result, there is a partial 

X
Vt t

=
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transmission of tractor engine power to draft power (Sabanci & Akinci, 2012). ASAE Standard 

D497.7 describes the correlation between tractor PTO power and draft power (ASAE D497.7 - 

Agricultural Machinery Management Data, 2011). As such, tractor draft force was calculated from 

the experimental tractor PTO power data measured during the harvesting operation in the field tests 

using Equations 2 and 3 (Theunissen, 2002; Walters, 2021).  

 

             (2) 

 

           (3) 

 

Where; PPTO is PTO power (kW), PDraft is draft power (kW), nPTO is PTO speed (min-1), TPTO is 

PTO torque (Nm), VTractor is tractor speed (m s-1) and FDraft is draft force (kN). 

Accordingly, the average values of some agricultural data obtained in the measurements of the 

alfalfa plant, tractor speeds, PTO torque measurements, schematic descriptions of the physical 

loading of the RDM and related pictures taken during harvesting in the field tests are given in 

Figure 5. 

 

Finite element analysis 

The FEA study was carried out for the RDM in the harvesting position in order to exhibit the 

deformation behaviour of the machine during harvesting and to compare numerical and experimental 

analyses results. Specific to finite element method, related analysis steps were followed. 

Since the manufacturer did not have a comprehensive computer-aided design (CAD) model that 

could be used for the FEA, a reverse engineering approach was employed to handle the solid 

modelling procedures for the RDM. In this procedure, each component of the machine was 

disassembled, measured and digitised through SolidWorks (SW) 3D parametric solid modelling 

software. The RDM's real-world mobility were reflected in the CAD model assembly. Almost all of 

the parts of the machine were made of steel-based materials. In motion transmission components, 

rubber-based polymers were used for bedding and sealing. Material properties of these components 

were assigned in the CAD model (Table 1). 

One of the criteria taken into account while deciding whether the CAD models created can 

effectively represent real-world structures is the mass criterion. In order to validate the mass criteria 

of the solid model, physical weight measurements were realised on the structural and functional 

groups of the machine. A computer-aided measurement system and a ZEMIC H3-C3-5.0t-B6 model 

.
9550
PTO PTO

PTO
T nP =

PTO Draft Draft TractorP (0.72) P F V= =
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50 kN capacity S-type load cell was utilised to measure the machine weight. The weight 

measurements were recorded in the computer environment for 30 seconds at a sampling rate of 10 

Hz with three repetitions. The solid modelling software calculated the RDM CAD assembly's overall 

mass to be 424.15 kg (experimental mass measurement value: 423.93 kg). 

The CAD assembly has a large number of parts, so a simplification process was carried out 

without degrading the model's ability to structurally represent the physical machine. In this procedure, 

the structural components' initial geometries, the machine's total weight and the location of its centre 

of gravity were preserved. The drum set and gearbox were reconfigured in the CAD model using 

rectangular prism geometry while retaining their original mass. Thus, the ideal solubility level for the 

FEA was provided by means of a re-configured CAD model. The physical measurement, solid 

modelling procedure, final assembly, re-configuration process and assembly statistics for RDM CAD 

model are given in Figure 6. 

The RDM is produced using both structural components and standard machine parts, such as 

steel plates, springs, bolts, nuts, pins, shafts, etc. The material properties of these components as 

assigned in the FEA were gathered from the literature provided by the applicable standards and 

existing material testing results of the machine's structural components. The material properties for 

the components used in the CAD modelling and the FEA solution are provided in Table 1. (Bringas, 

2016; Cardarelli, 2008; Davis, 1998; Kulaksiz, 1995; Kutay, 2003; MKE, 1978; Rice et al., 2003). 

The boundary condition for the RDM in the FEA study was described with reference to the 

position where the machine was linked to the tractor and set up to the harvesting position. The draft 

force values as assigned in the FEA study were calculated through Equations 2 and 3 for each tractor 

speed and PTO torque values measured experimentally. Additionally, the gravitational constant was 

considered to be 9.81 m s-2. Some of the RDM's components were welded together during production, 

while others were fastened together using detachable fasteners like bolt-nuts and connecting pins. 

Therefore, bonded and frictionless contact definitions were given for associated components in the 

FEA setup. 

The meshing functions of the FEA software were employed to construct FE models for the 

RDM. Mechanical-standard meshing approaches were applied in the meshing processes. Pre-trials on 

the FE model were conducted. As a result, the FE model was verified through a skewness metric that 

can measure whether the FE model accurately represents the actual model geometry. The definition 

of skewness states that a value of 0 denotes an equilateral cell (the best) and a value of 1 denotes a 

cell that has fully degenerated (the worst) (ANSYS Product Doc., 2019). For the FE model, the 

average skewness metric value found was 0.25, indicating excellent cell quality. After the completion 

of the pre-FEA steps, solution processes were performed and the results were recorded. Mechanical 
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module of the ANSYS Workbench Multi-physics engineering analysis software was utilised in the 

strength analysis procedure. All analyses were conducted with the assumptions of homogenous 

isotropic linear elastic material model and linear static loading. The analysis solving platform was a 

Dell Precision M4800 series mobile workstation (Intel Core i7-4910Q-2.9 GHz, 32 GB RAM, 

NVIDIA Quadro K2100M-2 GB, DDR5). Description of the boundary conditions, maximum draft 

force calculations and the FE model details are illustrated in Figure 7. 

 

Results and Discussion 

Field test results 

All of the data gathered from the physical testing was analysed in order to assess how the 

machine would behave in terms of deformation under real-world harvesting conditions. Accordingly, 

tractor speed and PTO torque values that have been measured as well as the results of stress values 

that have been calculated on related components were analysed. 

It was found from the literature on alfalfa crop harvesting with similar drum mowers that the 

harvesting process was carried out with a tractor forward speed of 8.5 km h-1, however, it was also 

found that the forward speed of this type of machine can be 10-12 km h-1 depending on the working 

conditions (Arac, 2001). In the catalogue values for the RDM used in the physical tests within the 

scope of this research, it is stated that the tractor forward speed can be 15 km h-1 depending on the 

suitability of the working conditions (for processes such as meadow harvesting on smooth land) 

(Yuksel Tarim Inc., 2013). In this regard, the tractor speed-01 (8.56 km h-1) and tractor speed-02 

(12.86 km h-1) were determined during the harvest in physical tests and were compatible with the 

literature, and tractor speed-03 (16.23 km h-1) was higher than the literature and machine catalogue 

values. As a result, it was seen that the speed measured in the RDM physical tests were in a range 

that will force the machine under normal operating conditions and above normal operating conditions 

in accordance with the research purpose. 

Tractor PTO torque measurements in the field tests showed that the machine was loaded with 

different torque values at different speeds during the mowing process (Figure 5). The test results 

revealed that PTO torque values increase with the increase of tractor speed during harvesting. 

Maximum PTO torque was measured as 269.39 Nm at tractor speed of 16.23 km h-1 (tractor speed-

03). However, draft force calculations though PTO torque indicated that maximum draft force of 

3956.35 N was calculated at the lowest tractor speed of 8.56 km h-1 (tractor speed-01). Considering 

the maximum torque values obtained from the physical tests as the values that put the most strain on 

the RDM motion transmission elements, the machine was loaded with a torque increase of 

approximately 2.95 times at the speed-01, 3.37 times at the speed-02, and 3.44 times at the speed-03 
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compared to the unloaded position. Therefore, it can be stated that the relevant values obtained under 

pre-defined operating conditions were the maximum loading conditions that guide the design limits 

of the structural and motion transmission elements of the machine for the harvesting operation. 

The stress values obtained from the experimental stress analyses indicated that no value 

exceeded the material failure criterion (the yield strength of 280 MPa). The most challenging 

situations for the machine in terms of structure are the situations where the stress values reach the 

highest values. Machine design and structural optimisation studies are carried out considering the 

situations where the relevant structure is under the highest load. For this reason, although the machine 

was exposed to excessive loads during the harvesting operation, particularly during the tractor speed-

03 tests in the field, the other scenarios which are linked in garage and transportation positions 

described in the total work-cycle scenario must be analysed. Subsequently, the decision making 

process on related design parameters should be realised. 

Consequently, for the harvesting scenario, it can be said that the relevant experimental data 

obtained during operating conditions to be considered in the structural strength-based design of the 

RDM during harvesting and the field tests did not reveal any abnormal deformation behaviour or 

permeant damage on the machine components during and after harvesting operation from a visual 

observation. 

 

FEA results 

Numerical and visual outputs which exhibit the deformation behaviour of the RDM during 

harvesting were obtained from the FEA results. The results for the whole machine revealed that the 

maximum deformation (displacement) values were 18.377 mm, 14.778 mm and 12.598 mm against 

the tractor speed-01, tractor speed-02 and tractor speed-03, respectively. The maximum displacement 

location under the pre-defined boundary condition was around the connecting shaft of the drum group 

for all analyses. It can be stated that these values were very low relative to overall machine size and 

would not exhibit any durability issues during harvesting. 

The maximum equivalent stress values were 420.71 MPa, 360.88 MPa and 323.82 MPa on the 

upper hitch pins for tractor speed-01, tractor speed-02 and tractor speed-03, respectively. These stress 

values were below the hitch pin’s failure point which is 550 MPa. No stress values which exceeded 

the failure threshold were determined on the other structural components of the RDM. The 

deformation and stress values highlighted that there was a decrease against an increase of the tractor 

speed in the harvesting scenarios. It can be said that the reason for the decrease in these values is that 

the velocity in the calculations of converting the PTO power to the drawbar (draft) power is 

proportionally high and the draft force values decrease against the increase in the velocity. 
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Additionally, numerical stress values taken from each SG location on the related components 

(RDM165-A-004, RDM165-B-003 and RDM165-B-004) in the FEA results were listed. On these 

components, it was noted that the corresponding stress distribution values were far below the 

material's failure threshold. These values were understood to not be a factor in the component groups' 

failure risk. The FEA visual outputs that illustrate the maximum equivalent stress and deformation 

distribution on the RDM and the 3D surface plot which exhibited the relation between tractor speed, 

draft force and deformation are given in Figure 8. 

 

Comparison between experimental and FEA equivalent stress values 

Experimental results are the key component of assessing the simulation outputs, hence, 

comparison of the FEA results was made through related experimental stress results obtained on the 

specified components. The comparison result is given through graphical representation in Figure 9. 

In most FEA studies, the calculated relative difference ratios were used to evaluate the simulation 

result against experimental results (Kurowski, P. and Szabo, 1997). Studies with FEA validation that 

were given in a variety of scientific domains show that there are differences in the relative difference 

ratios that can be found when comparing experimental/theoretical analyses with FEA results. 

Although some literature claim that a well-established FEA approach should have a relative 

difference ratio of no more than 10% (Krutz et al., 1984; Kuna, 2013), there are studies show that 

different relative difference ratios can be found more than 10% depending on the analyses content, 

size and the assumptions when comparing the findings of FEA and experimental/theoretical analysis 

(Ariza et al., 2015; Caliskan, 2011; Celik et al., 2012, 2017, 2020; Degirmencioglu, 2003; Ruiz de 

Galarreta et al., 2020; Torre & Brischetto, 2022; Yurdem et al., 2019). 

In this study, a relative difference ratio comparison was not utilised as the absolute values 

obtained from the experimental and FEA results were quite small. These small absolute values would 

provide a high percentage comparison which may not lead the designers to make on-target evaluation 

for the analyses output. Therefore, absolute values of experimental and FEA results were compared 

and given in the format of a comparative chart (Figure 9). 

Accordingly, the absolute numerical values of experimental and FEA results were reasonably 

close to each other for the related components. Experimental stress results ranged between 

2.127-18.600 MPa, 14.618-33.229 MPa and 8.838-31.248 MPa for the components coded RDM165-

A-004, RDM165-B-003, and RDM165-B-004, respectively, while FEA stress results ranged between 

5.070-20.600 MPa, 13.800-28.600 MPa and 5.400-27.550 MPa for the components coded RDM165-

A-004, RDM165-B-003, and RDM165-B-004, respectively. The maximum absolute difference in 

numbers is approximately 22 MPa for both experimental and FEA results on the SG bonding surfaces.  
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In a FEA study, limitations and errors based on numerical approach and user perspective are 

inevitable, such as, limitations of modelling actual working conditions because of unexpected and 

unpredictable dynamic circumstances in the actual operating environments of the machine, FEA-

specific problem-solving techniques, necessary presumptions that must be taken into account in order 

to deal with the constraints in the context of this numerical technique, and capacity of the FEA 

solution platform. However, specific to this study, considering the limitations mentioned above, it 

can be concluded that all FEA approaches developed to model the physical conditions for RDM were 

properly configured and suitable for use in structural analysis research. 

 

Conclusions 

This study's objective was to conduct structural strength analysis using experimental and 

numerical methods that could be used in the structural design studies of a new tractor-mounted RDM 

and similar agricultural machineries. This paper covers the analyses for a specific RDM during 

harvesting. The mower was subjected to physical tests in the study that were compatible with 

structural strength analysis methods based on CAE. FEA simulations provided a useful visual output 

and numerical data for the machine’s deformation behaviour during harvesting. It can also be stated 

that reasonable correlation was obtained between experimental and numerical results under pre-

defined boundary conditions and limitations. Both experimental and simulation results revealed that 

there were no functional or structural failure indication on the structural components of the machine 

during harvesting. However, in order to complete final design decisions which considers the 

machine’s total work-cycle, related analyses should be conducted for the static linkage and 

transportation conditions of the machine. Thus, it may be possible to examine structural optimisation 

indicators, the possibility of decreasing material weight and the overall cost of the machine, and other 

related topics. The study's main finding was the machine’s structure specifically considered in this 

study works safely during harvesting conditions. Additionally, it can be stated that an effective FEA 

strategy could be significantly utilised in durability assessment and may reduce the amount of 

physical prototype testing, as well as production costs and lost time, during the design of agricultural 

machinery. 
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Table 1. Material properties assigned in the CAD modelling and the FEA study. 

 
 

 

Structural Steel Spring
( DIN EN 10270-1 )

Key / Pin / Shaft
( DIN 1.5755 / 

31NiCr14 /                     
AISI 3330 )

Bolt-Nut                  
Standard: 8.8

Modulus of Elasticity (GPa) 210 210 210 210
Poisson's Ratio ( - ) 0.3 0.28 0.3 0.3
Yield Strength (Max.) (MPa) 280** 700 550 640
Ultimate Tensile Strength  (Max.) (MPa) 404** 1000 750 800
Density (kg m-3) 7850 7850 7850 7850

** Experimental

Components

Properties* Unit

* FEA definition - Homogenous isotropic linear elastic material model
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Figure 1. Technical specifications of the RDM. 

 

 

 

 

 
Figure 2. Total work cycle scenario for RDM. 
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Figure 3. Material confirmation tensile tests. 

 

 

 
Figure 4. Details of the SG application. 
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Figure 5. Agricultural data of the alfalfa plant and physical loading test of the RDM. 
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Figure 6. The physical measurements, solid modelling procedure, re-configuration for the FEA 

and assembly statistics for RDM. 

 

 

 

 
Figure 7. Boundary conditions and the FE model details. 
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Figure 8. FEA visual outputs and 3D surface plot for deformation. 
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Figure 9. Numerical comparisons of experimental and FEA results by the components. 


