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Abstract: Cutting green or dry crops requires the use of cutter bars or cutter bars, minimizing fruit loss as much as possible 

and also adapts with the geometry, in particular the terrain of the potatoes during the weeding phase. Currently, two types of 

cutter bars are fitted to mowers, combine harvesters, hedge trimmers, etc. Among these two types, single blade cutter bars are 

the oldest and most common while the more recent double-blade cutter bars remain the most efficient despite all the 

technological complications which more or less affect their commissioning. Thus during the operation of these machines a 

very agitated kinetodynamic behavior (presence of fluctuation, shock and vibration), was found compromising the conduct of 

the cutting operation, the premature wear of the moving parts, the efficiency of the machine and even its survival. The choice 

of the theme of this work was dictated by general considerations on the project to improve the cutting operation, essentially 

aimed at reducing the risk of jamming, calming the noisy operation of the unit, eliminating the vibrations which the system is 

the seat and thus improve the performance of the machine through the design and introduction of a new architecture of the 

mechanism controlling the movable cutting members. 
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1. Introduction 

Obtaining green fodder by mowing or dry harvesting is 

one of the most important and vital operations on most 

farms [1, 2]. It turns out that the good execution and the 

continuation in cutting and work in mowing as in 

harvesting pose a certain number of challenges [3-5], it 

must know the mechanical characteristics of the stems of 

the plant to be cutting [6], like as removing weeds from the 

soil of fruit trees and mechanically weeding potatoes before 

harvest, wheat and barley harvest [7]. Among those facing 

these challenges are mainly agricultural machine builders, 

mechanical engineers and all users among farmers. In 

practice, not only are these challenges linked to conditions 

such as the type of land and the product cut, also climatic 

variables, the intrinsic nature of crops and the different 

modes of operation of users, but they essentially depend on 

the structural characteristics and recommended by the 

mechanisms controlling the cutting members within the 

machines themselves [8-10]. 

Of the same type or by using mechanisms with articulated 

bars or levers and swings (plane mechanisms mounted in 

tandem called Robert and Evans) illustrated in Figure 3. 

However, in most specialized agricultural machines reserved 

for cutting, the mobile elements are controlled using regular 

mechanisms (e=0) of the crank type, by eccentric 

mechanisms (e≠0) of the same; or using articulated bar 

mechanisms or levers and swings (plane mechanisms 

mounted in tandem, said by Robert and Evans). And it is by 

virtue of the dynamic use of these mechanisms used to 

control the cutters that very agitated kinetodynamic behavior 

has been observed, studied and quantified [11-15]. This very 

agitated and fluctuating behavior compromises the conduct 

of the cutting operation and therefore the yield of the harvest, 

multiplies the rate of premature wear of the moving parts and 

thus increases the risks of jamming following the incessant 

growth of the game. Functional existing at the interface of 

moving parts. For several decades and thanks to major design 



 Applied Engineering 2021; 5(2): 60-65 61 

 

attempts [12]; production and tests carried out on prototypes 

of this agricultural equipment; we are working to introduce 

new models with a view to: [11]. 

Totally or partially cancel the contact forces in order to 

reduce wear and tear on the moving parts. 

Reduce totally or - in most practical cases - partially the 

harmful growth of functional play in order to minimize the 

risks of jamming, snagging and stuffing. 

Destroy the vibrations of which the system is the seat in 

order to manage to calm the noisy operation of the machine 

during the cutting operation. 

For these reasons, the choice of a new architecture among 

the mechanisms controlling the cutting members seems to 

require an innovation study as precise and direct as possible; 

study that is the subject of this work. 

2. Materials and Methods 

2.1. Position of the Problem 

In the cutter bars with a single blade, the cutting of the 

fodder is obtained by the covering several times per second 

of a fixed branch (counter blade fixed on the fingers) by a 

movable branch (blade properly itself) [16]. One of these two 

branches, acting like a shear, is animated by alternating 

movement created; in most of the cases; by an irregular 

mechanism � � 0 rod-crank type (Figure 1). In contrast to 

this and on the cutter bars with two blades, the slicing is 

obtained by the overlapping of the sections of two blades 

animated by opposite reciprocating movements coming from 

a double crank-rod system. 

 

Figure 1. Single blade and double blade cutter bar controlled by mechanisms rod-crank type plans (1: Fixed link, 2: Crank 3: Connecting rod, 4: Slider or 

Piston). 

by a vector writing, the equation (1) summarizes the 

parameters of the figure 1 or e� 0: (if e=0 it disappears from 

the equation) 
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From expression (2), it follows that we can deduce the 

relation which expresses the variation of the angle (Φ) as a 

function of the generalized coordinate (θ2)., Or then equation 

(3): 
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Although these control systems are more or less based on 

the structural skeleton of the irregular crank mechanism; a 

kinetodynamic analysis summarized in Table 1 shows the 

following facts: 

Table 1. Kinetodynamics of single and double-blade cutter bars. 

Single blade cutter bar Double blade cutter bar 

Kinematic law:(4) Kinematic law: (5) 
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With the following indication of the geometric and 

kinematic parameters that these sets recommend: 

V(θ), A(θ)=instantaneous linear speed and acceleration of 

the cutting blade, 

θ=angular position of the connecting rod: r=radius of the 

crank, l=length of the connecting rod, ω=angular speed of the 

connecting rod 

(i). Starting from the single cutter bar until the introduction 

of the double-cutter bar, some advantages are clearly 

apparent in favor of the use of the latter but nothing has been 

accomplished in view of the suppression of shocks and 

vibrations due to the opposite movements of the two blades. 
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(ii). It should also be mentioned that for these systems, the 

effects of the rotating masses (mt) can be offset by 

counterweights mounted on the crank; on the other hand the 

effects of the sliding masses (mc) are not. 

(iii). Again in this respect, even the polar and Cartesian 

representations of the vibration forces Fv(θ) for each of the 

aforementioned systems (Figure 2), illustrate, however, that 

the desired balancing of the moving masses (sliding masses) 

remains quite incomplete. 

 

Figure 2. Representations of the vibration force (Fv) for single and double blade cutter bars. 

2.2. Methodology for Improving Balancing 

Among the few works currently existing, one could note 

the studies in which, by applying the synthesis of 

mechanisms according to the new concept based on the 

notion of centers instantaneous rotation (CIR) relative to both 

fixed and mobile links, the centroids recognized as geometric 

foci of (CIR) and the kinematic properties of the latter, a 

completely new architecture of the crank-crank mechanism 

can be envisaged by view of improved balancing [17-19]. 

Search for centroids of the crank-rod mechanism. 

2.3. Graphic Determination of the CIR 

We know from the course of theoretical mechanics that the 

planar movement of a solid body (a link in the mechanism) 

can be assimilated at every moment, to a rotation around a 

point called instantaneous center of rotation or rotopole. For 

the connecting rod-crank mechanism, the (CIR) noted here 

by (P) of the connecting rod supposed to be moving relative 

to the chassis, will be located graphically according to 

Burmester rules, at the meeting of the two perpendicular to 

the velocity vectors that recommend the ends A and B of the 

connecting rod (Figure 3). 

 

Figure 3. Graphical determination of the CIR for a crank-rod mechanism. 
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Figure 4. Arrangement of centroids of the isosceles mechanism (r=l) with 

connecting rod-crank. 

2.4. Analytical Determination of CIR 

From theoretical mechanics, we also know that the place or 

the geometric focus of the (CIR), following the continuous 

rotation animation of the crank is indeed a curve called 

Centroid. This centroid can be fixed and it is called base, as it 

can be mobile and it is called rolling; depending on whether 

we invert the role of fixed and mobile links in the system. If 

we take the whole of Figure 3, the parametric equations of the 

centroids: fixed (base) and mobile (rolling) defined 

respectively in the fixed references (XfOYf) and (XmAYm) are 

easily described by the following relationships (equation 4, 5): 
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In the particular case where the plane crank-rod 

mechanism is of the isosceles type for which (r=I) the 

parametric equations of the fixed (base) and mobile (rolling) 

centroids are simply reduced to the following expressions 

equation (6, 7) 

< => 
 2�
���
?> 
 2�����?@                               (6) 

 < =@ 
 �
��2�
 ?@ 
 ����2�                               (7) 

Thus the fixed centroid (base) taken in the fixed reference 

(XfOYf) is the big circle described by the Cartesian equation: 

x
2
f +y

2
f=4r

2
 and of radius equal to 2r; while the moving 

centroid (rolling) caught in the moving frame (XmAYm) is the 

small circle described by the Cartesian equation: 

x
2
M +y

2
M=r

2
 and of radius equal to r, (Figure 4). 

3. Result and Discussion 

At the end of the application of this concept based on the 

concept of (CIR) and fixed and mobile centroids, the 

transmission of movement between the crank (OA) and the 

drive point (B) can be reproduced in full by two cogwheels: 

one, representing the fixed centroid, with internal toothing 

and large radius equal to 2r, in engagement with another 

mobile (representing the mobile centroid), with external 

toothing and radius equal to r. The structural diagram of this 

new mechanism is presented in Figure 5. Although the crank-

link mechanism has been completely replaced by its 

conjug ’conjugate’ ’known as the central mechanism; it has 

been confirmed from mathematical and simulation analyzes 

[20, 21] that the laws of movement remain unchanged. 

The advantages Of the New Design, If we want to ensure 

the balance of rotating masses (mt) and sliding masses (mc); 

this is achieved by juxtaposing two mechanisms with 

elements of equal mass and arranged symmetrically; whereby 

there is self-balancing of the whole [22]. 

It is easy to point out that when this condition of symmetry 

is ensured, the barycenter of all the sliding (mc) and rotating 

(mt) masses will be brought to point (O); that is to say on the 

axis of rotation of the carrier link of the two toothed wheels 

whatever the angular positions (θ) or (θ+π) of these. Indeed 

and following the rotation around the axis (O) of the gear 

wheels which are engaged with the large fixed gear wheel; 

the rotating masses (mt) automatically develop the following 

vibration force: 

  

Figure 5. Central mechanism and arrangement for self-balancing. 
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While the sliding masses (mc) in turn develop the 

following vibration force: 
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The balance of these forces is indeed zero and 

consequently by eliminating all the vibration (Fv(mt, mc)=0); 

we thus succeed in completely balancing the fluctuations due 

to the moving masses and in calming the operation of the 

whole. 

Finally, the exclusion of dynamic contact forces at the 

interface of the sliding masses and their guides is made 

possible by the fact that the points (B1) and (B2) are "real" 

training points. The simplified kinematics (speed and 

unidirectional acceleration) that these points recommend is 

self-supporting since: 
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Thus the cancellation of the dynamic forces of contact 

between the rubbing parts reduces the risks of wear by 

friction, and consequently, slows the growth of the functional 

play and thus avoids the appearance of the phenomena of 

jamming, catching and stuffing [23]. 

4. Conclusions 

The importance of production and increasing the yield of 

agricultural materials, especially crops with the invention of 

the cutting system with the reduction of vibrations as much 

as possible when cutting crops. The design and production 

of the prototype of a guide mechanism to be used in 

particular on harvesting machines with a double blade 

cutter bar, shows that the operation is made quieter and less 

noisy (total absence of shock, vibration and fluctuation) 

because the mechanism - being more compact - consists of 

a fixed crown of radius equal to 2r engaged with two 

identical toothed wheels of the same radius equal to r. 

Analysis of the simplified mathematical model of this 

mechanism clearly shows that the solution, based on a 

centroid architecture, also remains promising for other 

technological and industrial applications affecting other 

fields of science and technology. 

 

References 

[1] Szymanek, M. (2007). Analysis of Cutting Process of Plant 
Material. Tekakomisji Motoryzacji I Energetykirolnictwa-Ol 
Pan, Viia, 107-113. 

[2] Chegdani, F, And El Mansori, M. (2018). Mechanics of 
Material Removal When Cutting Natural Fiber Reinforced 

Thermoplastic Composites. Polymer Testing, 67, 275-283.  

[3] Raney, R. R. (1946). Vibration Control in Farm Machinery. 
Unpublished Paper, International Harvester Corp. Usa. 

[4] Elfes, L. E. (1954). Design and Development of a High Speed 
Mower. Agricultural Engineering, 35 (3), 147-149. 

[5] Boudaoud, A. (2010). An Introduction to the Mechanics of 
Morphogenesis for Plant Biologists. Trends in Plant Science, 
15 (6), 353-360. 

[6] Dongdong, D. (2016). Research on Mechanics Properties of 
Crop Stalks: A Review. International Journal of Agricultural 
and Biological Engineering, 9 (6), 10-19.  

[7] Jabran, K., and Chauhan, B. S. (2018). Non-Chemical Weed 
Control. Academic Press.  

[8] Schippmann, U., Leaman, D. J. And Cunningham, A. B. 
(2002). Impact of cultivation and gathering of medicinal 
plants on biodiversity: global trends and issues. Biodiversity 
and the ecosystem approach in agriculture, forestry and 
fisheries.  

[9] Saxena, A. (2011), “Kempe’s Linkages and the Universality 
Theorem,” Resonance, 16 (220), Pp. 220–237. 

[10] Baneh, N. M., Navid, H., Alizadeh, M. R. And Zadeh, H. R. G. 
(2012). Design and Development of a Cutting Head for 
Portable Reaper Used in Rice Harvesting Operations. Journal 
of Applied Biological Sciences (Jabs) E-Issn: 2146-0108, 6 (3), 
69-75.  

[11] Harbage, R. P., and Morr, R. V. (1962). Development and 
Design of A Ten-Foot Mower. Agricultural Engineering, 43 
(4), 208.  

[12] Chen, P. (1973). Application of Spatial Mechanisms To 
Agricultural Achinery. Transactions of the Asae, 16 (2), 214-
0217.  

[13] Sanderson, M. A. (2000). Cutting Management Of Native 
Warm-Season Perennial Grasses: Morphological And 
Physiological Responses. Native Warm-Season Grasses: 
Research Trends and Issues, 30, 133-146.  

[14] Kumar, B. S. And, Prasanthi, S. G. (2018) Design and 
Fabrication of Mechanical Cutter for Agriculture Purpose.  B. 
Satishkumar journal of Engineering Research and Application 
www.ijera.com Issn: 2248-9622 Vol. 8, Issue 11 (Part -I), Pp 
27-30. 

[15] Guo, Y., Chen, J., and Saleh, A. (2020). In Situ Analysis of 
Deformation Mechanics of Constrained Cutting Toward 
Enhanced Material Removal. Journal of Manufacturing 
Science and Engineering, 142 (2). 

[16] Guarnieri, A., Maglioni, C., and Molari, G. (2007). Dynamic 
Analysis of Reciprocating Single-Blade Cutter Bars. 
Transactions of the Asabe, 50 (3), 755-764. 

[17] Artoblevski, I. (1964). Mechanisms for the Generation of 
Plane Curves, Elsevier Ltd. 

[18] Reuleaux, F. (1963). The Kinematics of Machinery. 
(Translated Annotedby A. W. Kennedy), Reprinted by Dover - 
New York. 

[19] Jensen, P. W. (1991). Classical and Modern Mechanisms for 
Engineers and Inventors. Dekker.  



 Applied Engineering 2021; 5(2): 60-65 65 

 

[20] Bancroft, S. (1985). An Algebraic Solution of the Gps 

Equations. Ieee Transactions On Aerospace And Electronic 
Systems, (1), 56-59.  

[21] Bodin, A., Dèbes, P. And Najib, S. (2017). Families of 
Polynomials and Their Specializations. Journal of Number 
Theory, 170, 390-408. 

[22] Kamenskii, V. A. (1968). On the Question of the Balancing of 
Plane Linkages. Journal of Mechanisms, 3 (4), 303-322. 

[23] Sun, J., Meng, C., Zhang, Y., Chu, G., Zhang, Y., Yang, F., & 
Liu, Z. (2020). Design and Physical Model Experiment of an 
Attitude Adjustment Device for a Crawler Tractor in Hilly and 
Mountainous Regions. Information Processing In Agriculture, 
7 (3), 466-478. 

 


