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Abstract. This article present selected issued of the 

analysis of the computer modelling of the tiller’s sprocket 

with the Solid Edge ST software. The geometry presented 

in the article was prepared so that they may be used to 

perform simulation presenting the influence of the loads 

generated by the ground work on the distribution and 

values of the stress forces within the tiller’s sprocket - 

Finished Element Method. The analysis covered the 

sprockets subjected to the forces of: 200N, 400N, 600N, 

800N and 1000N. Geometric models were developed 

based on the available catalogue materials and the Polish 

Standard PN+92/R-58051-1. The FEM analyses 

performed allowed suggesting solutions to optimise the 

whole geometry in terms of the strengths. 

Key words: tiller’s sprocket, geometry, modelling, 

optimization, agriculture 

INTRODUCTION 

The farms, irrespective of their cultivation area [23], 

ate equipped with various machinery and tools for plant 

cultivation and maintenance. The tools used for 

cultivating the soil and fertilizing it play one of the main 

roles in farms - they influence the soil quality directly 

with their specific stricture and purpose [16, 22]. One 

shall bear in mind that they are classified as the most 

energy-consuming machines due to the characteristics of 

their operating conditions and the intensity of their ability 

to influence the soil quality [8, 17]. 

They may be used for agrotechnological processes in 

the farms to obtain and provide both correct and as 

effective as possible growth of the crops thanks to the 

additional soil breaking as well as its unification and 

levelling [3]. What is more, they may affect the soil 

humidity, as well as disturb or inhibit further growth of 

weeds. Which tools are used and how they work, as well 

as the number of procedures performed, depends on 

various factors requiring previous planning od the 

agricultural production in a given farm [21]. Planning the 

above one shall consider the following data: plant kind 

and variety, their current condition, precrops. An 

important factor in selecting the procedures comprises the 

condition of the soil, its type and selecting the appropriate 

working depth of the tools to be used [4]. 

It may be noticed within the recent years, that the 

increasing number of the tools used for agrotechnological 

processed in the farms are not individual machines by 

multifunctional aggregates (e.g. tooth harrow and cage 

rollers). Their main function is to provide the crop 

cultivated with the best possible growth conditions with 

the lowest number of machinery passes over the soil 

cultivated. Multiple machinery passes over the soil 

cultivated affects it significantly [26]. This is particularly 

visible when using the multifunctional aggregates, whose 

weight with the tractor is heavier, hence the influence is 

more negative [19]. Therefore, despite the fact that 

cultivation tools are combined into aggregated and despite 

their advantages, the above-mentioned solutions has also 

disadvantages, therefore individual tools (not combined 

into cultivation aggregates) are still common. An example 

of such action is the use of a tiller, that is perfect for 

procedures improving the soil quality due to its properties 

based on its construction and operating principle, but at 

the expense of its reduced energy consumption compared 

to other tools. 

To consider the aspects of the strength of a tiller’s 

sprocket during its operation in the soil, one may apply 

the Finite Element Method. However, before this is 

possible, one shall properly prepar.e the geometry of the 

elements under analysis 

 

TILLERS 

Tillers are one of may tools available used for 

agrotechnological procedures, previously performed by 

ploughing as the main procedure aimed at improving the 

soil quality. What is more, contrary to the ploughing, 

using the tools for no-tillage cultivation, such as disc 

cultivators or tillers instead of the ploughs, what 

positively influences the crop energy and economic 

efficacy [5].  

However, the main objective of the tillers used as the 

tools in agriculture is to improve the soil condition and 

quality following the preceding procedure of ploughing, 

to fertilize the soil better following ploughing and to mix 

the fertilized with the soil properly. Thanks to its 

construction, cultivating ensures deeper agitation and 

aeration of the soil following the preceding ploughing, 

and the soil itself is broken up and mixed. Using the 

proper type of the sprocket, tillers may be used for 

various purposes. A tiller with spring sprocket may for 

example be used to dig elymus and other weeds in the
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plowed ground. What is more, due to its working depth 

and the strive for cost minimization, agrotechnological 

procedures with the tillers may be used for stubble 

cultivation instead of the ploughs. Tiller may also be used 

before the ploughing itself to destroy the turf and 

facilitate plough embedding, what may improve the 

energy efficacy of the ploughing itself. 

Also subsoilers may be found on the farm, the so-

called heavy tillers composed of rigid chisel components 

for deep soil agitation. This is performed to destroy the 

plough pan. The nature of the tool’s structure and 

operation principle results in the working depth of 70 cm. 

Tillers used in agriculture are equipped with working 

units called sprocket. Depending on the type of soil and 

the conditions in which the tiller is used, three types of 

sprocket fixed on the tillers are distinguished: spring 

sprockets, composed of a single spring or supported with 

an additional soring in its upper part, semi-rigid sprocket 

and rigid sprocket, with individual protection if the 

sprocket would hit a rock [1]. The so-called shear pin or 

spring fuse constitute the protection referred to above 

[10]. 

 

3D modelling of a tiller’s sprocket 

Computer 3D modelling is an example how the IT 

development facilitated the production processes [6].  

Thanks to the technology, not only the design stage 

(design philosophy), but also the time necessary to have 

the final product from the design changed [14, 24, 25]. 

Solid Edge ST6 software allows preparing a 3D 

digital prototype of individual components in the Część 

[Part] menu, and then creating the final tool out of 

multiple individual components in the Złożenie [Fitting] 

menu of the Solid Edge software [7, 20].  

The following actions are necessary to perform a 3D 

model of a tiller’s sprocket in the Solid Edge software: 

 selecting the main reference plane with the shape 

drawing (Figure 1) of the tiller’s sprocket; 

  placing new reference planes on the sprocket 

drawing with Normalna do krzywej [Normal to curve] to 

create the sprocket model with a specific cross-section 

(Figure 2); 

 using the cross-sections placed on the reference 

planes (Figure 3) one may move forward from the 

drawing to the three-dimensional model of the sprocket to 

be designed with the Wyciągnięcie po krzywej [Extrude 

along the curve]; 

 having defined the input parameters - the path 

and the cross-sections - the three-dimensional model of 

the sprocked is generated (Figure 4). 

 

 

 

 
Fig. 1. The drawing with the tiller’s sprocket curvature dimensions - 28x11 [Own elaboration] 

 

 
Fig. 2. 28x11 Tiller’s sprocket cross-sections [Own elaboration] 
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Fig. 3. Drawing together with drawings                     Fig. 4. Three-dimensional model of 

of the tiller’s sprocket cross-section – 28x11      tiller’s sprocket with the function 

[Own elaboration]                                         [Own elaboration] 

                                                                              

Despite the use of the Wyciągnij po krzywej option, 

two openings were provided - in the top to fix the tiller’s 

sprocket to the frame and on the bottom to fix the tip. 

Similarly, three other components composing the sprocket 

under analysis were modelled, namely the tip (Figure 5 

and 6) and the bolt with the nut fixing the tip to the 

sprocket.  

                                            
Fig. 5. Drawing of the tip base                       Fig. 6. Three-dimensional model of the tiller’s 

with the cross-section drawing [Own          sprocket tip following the option  [Own 

elaboration]                                         elaboration] 

 

With all the components of the sprocket, namely the 

sprocket base, the tip and the bolt with the nut, one may 

forward to the Złożenie menu. There, using the Biblioteka 

części [Parts’ library] option one shall select the sprocket 

base as the first component. It shall be the reference plane 

in placing thee remaining components The remaining 

components are transferred similarly as the first 

component. Then the components are combined together 

with the option Składaj [Fix] on the Main tools toolbar 

and by providing the appropriate relations to the 

individual components.  

When the components are provided with the proper 

relations, the model so generated (Figure 7) may be saved 

as a separate file. The default saving format of the Solid 

Edge software is *.asm, but since the files will be used by 

other software, such models shall be saved in more 

multifunctional format of Parasolid *.x_t. 
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Fig. 7. 28x11 Tiller’s sprocket fixing [Own elaboration] 

 

Taking into consideration the soil conditions in which 

the spring tiller’s sprockets work, as well as different soil 

condition, its different firmness and humidity, one may 

see different solutions for developing the sprockets. 

Starting from the sprockets made of single S-shaped steel 

piece by combining two components - the top and the 

bottom one, up to spiral (screw) sprockets. 

Similarly to the above-mentioned sprocket (28x11), 

the other spring tiller’s sprockets were designed, namely: 

60x11 (Figure 8); 32x10 (Figure 9); 45x11 (Figure 10); 

45x11 (Figure 11); 

                                        
Fig. 8. Three-dimensional model of the tiller’s                Fig. 9. Spring tiller’s sprocket –  

32x10 sprocket  [Own elaboration]                      60x11   [Own elaboration]    

                             
 

Fig. 10. Spring tiller’s sprocket - 45x11               Fig. 11. Spring tiller’s sprocket -                   

[Own elaboration]                                                 spiral 35x35 [Own elaboration]                    
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Despite the modern and most complex agricultural 

machines and tools available, the tillers still play an 

important role in the crop growing process due to their 

simplicity, strong influence on the soil and reduced 

energy consumption. The designing of a tiller’s sprocket 

without the state-of-art professional software facilitating 

the designer to prepare comprehensive technical 

documentation together with detailed technical analyses is 

complicated. The possibility to verify the selected model 

in 3D, automatic generation of the component layouts and 

the ability to perform comprehensive strength analyses 

combined with the user-friendly nature of such state-of-

art professional software suggest its quick popularization. 

Using the computing numerical codes for 

computer simulation with the Finite Element Method 
Using the state-of-art computer software, the 

engineers may perform the analyses of computer models 

described with mathematical equations [20].  

The Finite Element Method is one of the basic 

components used in the computer aided technological 

calculations. This is one of the partitioning methods, 

striving for dividing the continuous geometric layouts into 

components with a limited number of subsections [12]. 

The method may be applied for both individual parts and 

highly complex structures. The main assumption of the 

method described is to divide the continuous geometric 

layout into the so-called finite components combined in 

the nodes, resulting in the creation of a discrete geometric 

model, hence the layout with unlimited number of the 

degrees of freedom is transformed into a layout with a 

limited number of the degrees of freedom. When solving 

various issues such as. e.g. material strength, also the 

issue of the so-called layout boundary conditions shall be 

considered. 

Five models of the tiller’s sprocket varying in terms 

of their geometric construction were subjected to 

simulations in the numerical computing software. The 

analysed tiller’s sprockets were made of the spring steel 

compliant with the Polish Standard PN-74/H-84032 [19], 

namely the 50S2 low alloy silicon steel [15]. That steel is 

dedicated for thermal processing purposes. Therefore the 

assumed flexible material models with the following 

parameters is typical for the computer models of the 

sprockets: 

 Young’s Module E=200 GPa; 

 Poisson’s coefficient v = 0.3; 

 Yield strenth Re = 1080 MPa; 

 Tensile stresses Rm = 1280 MPa. 

 It was assumed that the soil resistance affecting 

the tip is directed downwards at 15 degree angle [2]. It is 

assumed that the average soil resistance is applied to the 

tip at the height of h = 0.2a (Figure 12), measured from 

the blade’s tip. The value og the resistance components 

affecting the sprocket with the tip increases with the 

tool’s working depth. The loads applied to the sprockets 

in the simulation are provided in the table below. 

 

Table 1. Distribution of the forces applied to the tiller’s sprocket pursuant to the parameters assumed 

200 400 600 800 1000 
Load [N] 

51.8 103.5 155.3 207.0 258.8 Z component [N] 

193.2 386.4 579.5 772.7 965.9 Z component [N] 

Own elaboration based on [2] 

 

 
Fig. 12.  The interdependence of the resistance of the tiller’s sprocket on the working depth: a - sprocket with the tip,     

b - sprocket with the duckfoot share, Kx – resistance of the sprocket with the tip [2] 

 

With the above information given, one may move 

forward to the next step, namely applying the structure 

support conditions simulating its actual operation, namely 

the border conditions and the load on the structure [9, 13]. 
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Fig. 13. 28x11 Tiller’s sprocket - border conditions. A - model’s load, B - model’s fixed joint  [Own elaboration] 

 

The point B (Fig. 13), the sprocket is fixed to the 

frame, therefore both translation and rotational degrees of 

freedom has been eliminated there. In point A, on the 

other hand, the forces were applied on the sprocket. The 

above assumptions of the border conditions refers to all 

the tiller’s sprocket models used in this analysis. 

The next step in analysing the tiller’s sprocket is to 

generate the finite elements network. To minimise the 

number of FEM network components, the geometry was 

divided into smaller areas (Figure 14) with Virtual 

Topology tool; in consequence the model under analysis 

contained more optimized node and finite element 

network for analysis. Such action not only reduced the 

time required to perform the full analysis ordered by the 

user and the load and fixed joint conditions given by the 

used, but also reduces the load of computer workstation 

where the analysis is being performed. Additionally, 

excessive number of components may affect the 

simulation result. Therefore the user may optimize the 

simulation with the above-mentioned actions comprising 

the use of the Virtual Topology tool and selecting the 

method of generating the finite element network. 

                                                          
Fig. 14. 28x11 tiller’s sprocket following        Fig. 15. FEM network of the 28x11 Tiller’s  

the application of the Virtual Topology           sprocket developed manually [Own elaboration] 

tool [Own elaboration] 

 

In result of the previous actions, the finite element 

network composed mainly of tetrahedrons is generated 

manually (Figure 15). As a rule, using the FEM network 

composed of triangles is avoided. 
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Identical procedure is applied for the remaining tiller’s sprockets used in this analysis. 

Strength analysis of the tiller’s sprockets 
Due to the nature of its structure and its operation principle, tillers are subject to large mechanical loads when 

operating, in particular the tiller’s working parts - the sprockets - are mostly subjected to such loads. The sprockets shall 

therefore be resistant to multiple intense folding. The analysed spring tiller’s sprockets vibrate strongly in the soil, 

therefore the intensity of their influence on the soil is improved. In result the soil id broken up and mixed. 

Most frequent damage to the sprocket due to the working conditions is its breaking. Therefore various geometric 

variants of the sprockets were selected for analysis. This allowed to present the differences between them in the case of 

the same loads. In the simulation we mostly expected feedback in the following aspects: 

 Huber-von Mises’ stresses ecting; 

 total displacement; 

 safety coefficient. 

Having entered all the necessary input data and used the FEM network, the figures below (Figures 16-18) present 

the result of the strength simulations for the tiller’s sprockets. The initial load of 200N was applied as assumed 

previously. 

              
Fig. 16. Huber von Mises’ reduced                                      Fig. 17. Total displacement; 28x11 tiller’s 

stress; 28x11 tiller’s sprocket [Own elaboration]               sprocket [Own elaboration] 

              

              
Fig. 18. Safety coefficient; 28x11           Fig. 19. Huber von Mises’ reduced  

tiller’s sprocket [Own elaboration]                         Huber von Mises’ stress 32x10 tiller’s sprocket   

                                                                                  [Own elaboration]
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With the same load, the results for 32x10 sprocket (Figure 19-21) differ significantly, despite the appearing less 

flexible structure. 

                         
Fig. 20. Total displacement;                     Fig. 21. Safety coefficient; 

tiller’s sprocket – 32x10 [Own elaboration]                      32x10 tiller’s sprocket [Own  elaboration] 

 

 

In view of the above results and the information 

resulting, the solutions with  better strength properties of 

the whole geometry were sought. Two possible 

modifications were noted, presented on the figures below. 

The first option was to increase the width of the top 

sprocket’s cross-section, which is the place where the 

largest stresses were present, as presented on the figures 

(Figure 22-24), meaning that this is the weakest point of 

the tool. That action significantly reduced the stresses 

present there, prolonging the life of that sprocket and its 

usefulness. 

                       
Fig. 22. Huber von Mises’ reduced                        Fig. 23. Total displacement; 

Stress; 45x11 tiller’s sprocket           45x11 tiller’s sprocket 

[Own elaboration]                                                 [Own elaboration]



3D DESIGN PROCEDURE, FEM ANALYSES AND OPTIMIZATION OF THE TILLER’S SPROCKET    67 

 
Fig. 24. Safety coefficient; 45x11 tiller’s sprocket [Own elaboration] 

 

The other solution noted when searching the solution of that problem, allowing the prolonged tool’s life is making 

the sprocket of two separate components, as presented below (Figure 25-27): 

 

                 
Fig. 25. Huber von Mises’ reduced                        Fig. 26. Total displacement; 

stress; 60(35)x11 tiller’s sprocket           60(35)x11 tiller’s sprocket 

[Own elaboration]                                                  [Own elaboration] 

 

 
Fig. 27. Safety coefficient; 60(35)x11 tiller’s sprocket [Own elaboration] 

 

On the basis of the above illustrations one may pose a 

hypothesis that the stress id related to the width of the top 

part of the tiller’s sprocket. 

Another example of seeking the solution allowing for 

reducing the stresses applied to the sprocket is the spiral 

model, presented on the figures below (Figure 28-29): 
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Fig. 28. Huber von Mises’ reduced                        Fig. 29. Total displacement; 

stress; 35x35 tiller’s sprocket           35x35 tiller’s sprocket 

[Own elaboration]                                                [Own elaboration] 

 

 

 

The above figures present the distribution of the 

reduces stresses and the total displacement for the tools 

loaded with the force of 200N. Below the same models 

are presented (Figure 30-33), subjected to the force od 

800N together with the stress distribution throughout their 

geometry. 

                       
Fig. 30. Huber von Mises’ reduced                        Fig. 31. Huber von Mises’ reduced 

stress; 28x10 tiller’s sprocket           stress; 32x10 tiller’s sprocket 

[Own elaboration]                                                [Own elaboration] 



3D DESIGN PROCEDURE, FEM ANALYSES AND OPTIMIZATION OF THE TILLER’S SPROCKET    69 

                      
Fig. 32. Huber von Mises’ reduced                        Fig. 33. Huber von Mises’ reduced  

stress; 45x11 tiller’s sprocket          stress; 60(35)x11 tiller’s sprocket  

[Own elaboration]                                [Own elaboration]       

 

As presented on the figures above, having applied 

four times the force to the tool under analysis, one may 

note that the area of the largest stress is greatly the same, 

despite large difference in the forces applied. 

As stated above, the analysis covered the sprockets 

subjected to the forces| of: 200N, 400N, 600N, 800N and 

1000N. The tables below (Table 2 and 3) present the data 

on the maximum reduced stresses and total displacements 

for all the sprockets under the strength analysis: 

 

Table 2. Summary of the maximum Huber von Mises’ reduced stresses [Own elaboration] 

Sprocket model 200 400 600 800 1000 Force [N] 

     
28x11 

M
A

X
 

178.54 357.08 535.53 714.07 892.61 

S
tr

es
se

s 
[M

p
a]

 

32x10 136.22 272.44 408.59 544.81 681.03 

45x11 110.24 220.5 330.69 440.95 550.76 

60(35)x11 130.66 261.96 392.89 523.85 654.85 

35x35 27.706 55.413 83.105 110.81 138.52 

 

Table 3. Summary of the maximum total displacements [Own elaboration] 

Sprocket model 200 400 600 800 1000 Force [N] 

28x11 

M
A

X
 

38.36 76.72 115.06 153.42 191.77 

T
o

ta
l 

d
is

p
la

ce
m

en
t 

[m
m

] 

32x10 20.41 40.83 61.23 81.65 102.06 

45x11 28.01 56.03 84.02 112.04 139.94 

60(35)x11 19.77 39.57 59.31 79.08 98.9 

35x35 7.35 14.7 22.05 29.4 36.75 

Despite the fact the the spring tiller’s sprocket work 

at the working depth of up to 8 cm, and the resistance of a 

single sprocket may reach 55-N [18, 19], the sprockets 

were subjected to the load of up to 1000N. This suggests 
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that the machines working in the soil such as the tiller 

may during their work hit e.g. rocks, and in result the 

resistance then generated is much higher than the 

resistance of the soil itself. 

 

CONCLUSIONS 

 

The computer simulations perform allow to present 

on the early design stage, which parts of the tiller’s 

sprocket are mostly exposed to the largest stress, and 

hence to the damage to the sprocket as a whole. The data 

provided above shall launch the process of seeking 

solutions aimed and eliminating the stresses and reducing 

their value. The easiest solution allowing improved 

strength properties of a sprocket is the extension of the 

sprocket’s cross-section in the flat section of the sprocket, 

where it is fixed to the tiller’s frame, or, as in the case of 

the 60(35)x11 sprocket, assembling the sprocket from two 

separate components. The obtained results of the analysis 

additionally allowed to determine, how a given structure 

may behave in the soil when operating and evaluate the 

influence of the working depth on the tool. 
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