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OPTIMALISATION OF THE BLADE MOVEMENT OF THE MOWER 
 

Summary. This article presents the correct adjustment of the mower’s blade 

movement relative to the forward movement of the mower. Everywhere around us 

are gardens, parks and meadow, which gives us reason to solve issues with 

mowing. The first part of this article shows agricultural machines, which are used 

today and the principle of correct cut of grass stalks. The next part shows the 

method of adjusting the mower’s blade speed. Design of a simple model was done 

with the use of Solid Edge Premium CAD. For computation, MSC Adams was 

used and post-processing was done with the use of Matlab. The connection 

between MSC Adams and Matlab was created by co-simulation. 
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1. INTRODUCTION 

 

Everywhere around us are grassy places, which give us the idea to design special 

mountain mower with respect to the quality of cut. This mower is intended to mow private 

gardens, city parks, grass fields and hardly accessible areas. Nowadays, there are so many 

types of mowers, which are intended for various areas of mowing. Nevertheless, users will 

not avoid using their combination. Furthermore, the right type of mowing machine has to be 

chosen for a given area. The main reason mountain mower can replace multiple machines is 

that the construction is adapted for unfavourable conditions, and uses autonomous control, 

which increases access for limited terrain. Also, this mower is designed for the highest 

possible quality of cut, with which the blade’s design is directly related. To achieve these 

assumptions, it is necessary to determine the correct blade’s teeth geometry [12, 13, 16]. 

Thereafter, it is necessary to determine the speed of the blade relative to the mower’s 

movement for proper and healthy cutting [3-6]. 

 

 

2. MOWER MACHINES 

 

Generally, mower machines are special agricultural machines for mowing plants. Mowers 

developed with the evolution of humanity. Gradually, mowers evolved from hand scythes, 

through a horse-drawn mower to today's types. Today, there are many types of mower 

designed to mow different lands. The most common types are: 

 hand mower: 

 scythe, 

 sickle, 

 manual mower, 

 petrol and electric mower: 

 rotary mower, 

 drum mower, 

 string trimmer, 

 brush cutter, 

 tractor mower. 

 

To better understand the problem, two groups of mowers have been created with respect 

to the type of mowing: 

 rotary mower: 

 horizontal, 

 vertical, 

 reciprocating bar mower: 

 cutting without support, 

 cutting with support. 

 

2.1. Rotary mower 

 

Typical mower of this group is the gasoline rotary mower, which is shown in Fig. 1. 

Their great advantage is the possibility to attach a basket that could also harvest the leaves. 

The cutting height is usually adjustable from 3.5 to 5 cm. The right choice of rotary mower 

depends on the frequency of mowing, size of the area and demands of the operator. For 
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example, depending on the size of the mowed area, the right blade size has to be chosen 

(blade size 32 cm –up to 200 m2, 40 cm – up to 350 m2, 45cm – up to 500 m2, 53cm – up to 

1000 m2 and longer – over 1000 m2). There are many types of blades, but the quality of the 

cut is mainly influenced by their sharpening. The cut of the stalk by a rotary mower is 

characterised as a cut without support [11, 17]. 

 

 
Fig. 1. Rotary mower [15] 

 

2.2. Reciprocating bar mower 

 

The reciprocating bar mower is marked with sickle bars. This type of mower is a very 

special type of agricultural machine, which is shown in Fig. 2. Sickle bar mowers are divided 

into two groups: 

 sickle bar with support (Fig. 3a), 

 sickle bar without support (Fig. 3b). 

 

 
Fig. 2. Sickle bar mower [15] 

 

The cut without support is characterised by a very high blade speed, which often exceeds 

30 m.s-1. This type of cut is executed by stalk tearing, which adversely affects the health of 

the plant. Schematic illustration of the blade without support is shown in Fig. 3a), where 

position 1 stands for the blade. 

On the contrary, the cut with support has little demands on the speed of the blades. The 

cut occurs already at the velocity of 2 m.s-1 and it could be compared to stalk shearing. Fig. 3b 

shows the blade (position 1) and the support (position 2) [1, 2]. 
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Fig. 3. Types of cutting: a) without support b) with support 

 

 

3. SOLUTION OF KINEMATICS OF MOWER BLADES 

 

The solution of the kinematics of mower blades is done via the kinematic analysis of 

blades movement relative to the forward movement of sickle bar mower [18]. In this case, 

there is a double stroke bar considered – a reciprocating movement of both bars [12]. 

 

3.1. Modelling mower and its parts 

 

A simple model was created in CAD software [7, 10], which is shown in Fig. 4. The 

simplifications will not affect the results, because they are not related to machine kinematics. 

They also have a positive impact on the complexity of the mathematical model and thus 

accelerate the computational time. 

 

 
 

Fig. 4. Simplified model of the mower 

 

The next step was to import the CAD model into the MSC.Adams software, where all 

parts have been modelled (Fig. 5). 

By defining the relations between the parts, we used the fixed joint, translational joint and 

revolute joint connections. Additionally, we used two types of motions: rotational and 

translational motion and a driving motor [8, 9]. 

Fixed joint is used on the ground because it has zero degrees of freedom (DOF). Revolute 

joint is created between two parts and it is related to one axis. This connection is used to 

define the wheels and rotational parts of the crank mechanism. Translational joint is created 
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between two parts with defined direction. This joint is used between the ground and the 

vehicle body and also between the body and the bars [19]. 

The contact is defined between the wheels and the ground. Also used is the Coulomb 

friction model to prevent the wheels from slipping. 

 

 
 

Fig. 5. Parts of the mower: 

1 – ground; 2 - body of the vehicle; 3 - right front wheel; 4 - left front wheel; 

5 - rear right wheel; 6 - rear left wheel; 7 - drive rail; 8 - upper bar; 9 - bottom bar; 

10 - top handlebar; 11 - lower handlebar 

 

3.2. The principle of mower tracking 

 

To illustrate the paths of each blade (the top and bottom bars), it is necessary to create the 

points (markers), which will be monitored. These points will be used for kinematic analysis in 

MATLAB [14, 15]. Fig. 6 illustrates individual markers on the top sickle bar (points A to G). 

The markers were created also on the second bar – Fig. 7. 

 

 
Fig. 6. Markers of the top sickle bar (A – G) 

 

3.3. Mathematical model 

 

First step of the solution was to make a simple mathematical model of the solved 

problem. The reciprocating movement of the blades is solved as a simple crank mechanism 

(Fig. 8). 

For the solution of this mechanism, the vector method is used. It is one loop multi-

element case, where the rotational movement is transformed into the translational movement. 

The computation of basic parameters of the crank mechanism follows according to Fig. 9. 
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Fig. 7. Markers of the lower sickle bar (H – N) 

 

 
Fig. 8. Schematic drawing of a crank mechanism 

 

 
Fig. 9. Block scheme for computation of the crank mechanism 

 

 

The number of kinematic loops can be calculated as: 

 1 1k s u    . (1) 

The kinematic loops equations are defined as: 

 1 2 3 4 0h h h h    . (2) 

 x axis: 1 N1 2 Z1 3cos cos 0h h h    , (3) 

 y axis:. 1 N1 2 Z1 4sin sin 0h h h     (4) 
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3.4. Co-simulation and data processing 

 

MATLAB Simulink is used for co-simulation with MSC Adams, because there are more 

opportunities to analyse the received data. First step was to choose input and output signals, 

which will be exported to MATLAB. As the input signals, the velocity of the mower and the 

angular velocity of the crank mechanism were determined. The paths of all markers were the 

output signals. After exporting procedure, a Simulink program was generated. This program 

was represented by a simple block diagram, which is shown in Fig. 10. 

 

 
Fig. 10. Simulink generated scheme 

 

Subsequently, the scheme was copied into the new program, where the inputs (velocity of 

the mower and angular velocity of crank mechanism) are set. The outputs were the observed 

point’s positions and the control speed of the crank mechanism. After the calculation 

procedure, all data were exported to the Simulink workspace, where they were stored as 

vectors. 

After running the simulation, all data were started to process and analyse the issue of the 

lawn mowing quality. The starting point’s vectors are created to display the geometry of the 

bars on the graph – top bar with red colour and the lower bar with blue colour (Fig. 11). 

According to the definition of the slider vectors of the individual points, the paths of the knife 

blades acting on the given movements are plotted on the graph. After the paths of the 

individual points rendering, the passed areas were coloured. There could be seen in places of 

the bends of the stalk, the places of the cutting of the stalk and the places with the uncut grass 

blades remained. 

 

 

4. RESULTS AND DISCUSSION 

 

Depending on the setting of the crank mechanism, speeds relative to the forward motion of 

the mower can occur in these three situations after analysis [18]: 

 right cut of the plants (Fig. 11a), 

 bending of the plants (Fig. 11b), 

 skipping of the uncut plants (Fig. 11c). 

 

The last type of mowing is the worst. There are usually unmowed places because the 

trajectory of blade’s shapes does not cover the entire mowed area. This case occurs when the 

angular velocity of the crank mechanism is low relative to the mower motion. 

When the stalks are bent, that is a case of high crank speed. This state is energetically 

unfavourable. This requires passing the same trajectory more times by mowing. 
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a) b) c) 

Fig. 11. Blade movement:a) Right mowing; b) Bending of stalks; c) Unmowed places 

 

When the right cut occurs, the energetic demands are optimal and the stalks damages are 

minimal. Optimal speeds based on the performed analysis are shown in Tab. 1. 

 

Tab. 1 

Optimal angular velocity of crank mechanism relative to mower movement 

Mower speed (m.s-1) Crank speed (min-1) 

1 850 

1,5 1100 

2 1350 

 

The kinematic analysis in MSC Adams demonstrates the possibilities of solving complex 

tasks of mutual motion. The results of the solution were verified on the second prototype of 

mountain mower (MM2). All performed tests were successful. 
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