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Abstract. The analysis of the mechanisms studies the characteristics: structural, kinetic, kinetic and dynamic of
some given mechanisms (the geometry of the analysed mechanism is known: the constant lengths and angles of
the elements, the positions of the bases).Within the structural analysis, the number and type of kinematic
elements and couplings, the number of the leading elements are determined and the structural and kinematic
schemes of the mechanisms are divided into structural groups, respectively kinematic. The kinematic analysis
studies the movement of the elements (positions, speeds, accelerations) without taking into account the forces
acting on the elements. In the composition of a mechanism, kinetic elements and kinematic couplings are
encountered. The structural analysis of a mechanism refers to: the number and shape of the elements, the order
of their binding, the specification of the referenced element; number and type of kinematic couples (number of
relative mobility and contact geometry); the degree of mobility of the mechanism; kinematic scheme, structural
scheme, and graph attached to the mechanism; the decomposition of the mechanism into assurance groups. The
paper presents the structural and kinematic analysis (positions, velocities, accelerations) of a mechanism aiming
to drive the active bodies of equipment to cut weeds between plants on the same row that performs this work.
The purpose of the structural analysis is to ensure the adequacy of the design from the point of view of safety
and serviceability of the structure, to improve and validate the performance and reduce the need for costly
prototypes or design changes later. The purpose of the analysis is to verify the design, from the point of view of
the mechanism of operation of the system.

Keywords: structural analysis; kinematic analysis; cut weeds; soil.

Introduction

The analysis of the mechanisms studies the characteristics: structural, kinetic, kinetic and dynamic
of some given mechanisms (the geometry of the analyzed mechanism is known: the constant lengths
and angles of the elements, the positions of the bases).

Within the structural analysis, the number and type of kinematic elements and couplings and the
number of the conducting elements are determined and the structural and kinematic schemes of the
mechanisms are divided into structural groups, respectively kinematic. The kinematic analysis studies
the movement of the elements (positions, speeds, accelerations) without taking into account the forces
acting on the elements.

In the composition of a mechanism kinetic elements and kinematic couplings are encountered.
The structural analysis of a mechanism refers to: the number and shape of the elements, the order of
their binding, the specification of the reference element; number and type of kinematic couples
(number of relative mobility and contact geometry); the degree of mobility of the mechanism;
kinematic scheme, structural scheme and graph attached to the mechanism; the decomposition of the
mechanism into structural groups [1; 5].

Rigid elements (non-deformable, or considered non-deformable) consist of a single piece
(machine member), or several machine members rigidly assembled together; examples of rigid
elements: bars, cams, gears. Flexible (deformable) elements are used for remote transmission of
movement and force; examples of flexible elements: cables, belts, chains. Simple kinematic elements
have the rank j <2. The monetary elements have the rank j = 1, and the binary elements have the rank
j=2. Complex kinematic elements have a rank greater than 2. Ternary elements have a rank 3, and
those with a rank greater than 3 are called pollen elements.

The kinematic elements are represented graphically or numerically; the number O is generally
assigned to the base, the other numbers being assigned to the movable elements. The graphic symbols
for the main kinematic elements and couplings are set in standards (EN ISO 3952-1). The kinematic
element, by which movement and force are introduced into the mechanism, is called the guiding
element. The element, from which the desired forces and movements are obtained, is called the driven
element. The element that has only rotating couplings is called a bar. The kinematic element that
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rotates completely around a fixed axis is called a crank, and the one that oscillates around a fixed axis
within a rotation angle is called a rocker [2].

The kinematic element that is not directly connected to the base is called the connecting rod. The
kinematic element that forms a translucent kinematic couple with a kinematic element and a rotating
kinematic couple with another kinematic element is called a slide. The sliding stone or the skid
represents the compact kinematic element that slides along a guide, and the guide represents the
kinematic element that requires a translucent movement of the sliding stone.

The known methods for calculating the mobility of the mechanisms are grouped into two
categories: the first is based on the system of kinematic constraint equations and the calculation of its
rank, and the second is a fast method, which does not require writing these equations [3; 8].

Within this work, the object of the experimental research was chosen: the weed extraction body of
the intelligent pesticide equipment, equipment that was designed and manufactured within the INMA
Bucharest.

The mechanism of actuation of the weed removal body between plants (Fig. 1) of the smart frying
equipment consists of: 1 — central frame for gripping the mechanism, 2 — electric actuator for actuating
the mechanism, 3 — three-point clamping system for transforming the movement from the forward
direction of the actuator arm to the forward direction of the extirpation body between plants.
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Fig. 1. Mechanism of action of the extraction body between plants
Materials and methods

1. Freedom degree. Degree of mobility of the mechanism

The degree of mobility (M) of the mechanism or the degree of freedom (L) of a kinematic chain
represents the number of independent (coordinate) parameters needed to define the configuration of
the mechanical system (the positions of all elements) at a given time, relative to a coordinate system
attached to the base, respectively, to an element of the kinematic chain. The degree of mobility is used
to verify the existence of a mechanism, because in a mechanism the condition must met: M > 0 [4-6].

The most common formula used in the literature for rapid calculation of the overall degree of
mobility of the mechanisms is the mobility criterion attributed to Cebishev Grubler-Kutbah, which
contains certain structural parameters of the mechanism [7; 9].

p=n+gq
q:p—n:p—(m—1)= p—m+1
M =6(m—1)- l,p:lcl.
M=b(m—p—1)+z;fi

M = Zzpzlfl _ijlbj
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where m — number of elements of the mechanism, including the fixed element;
p — number of kinematic couplings of the mechanism;
f; — connectivity of the kinematic coupling i (the number of degrees of freedom of the
kinematic coupling), but it is the degree of constraint of the coupling i;
g — number of independent contours; the number of independent contours of a
mechanism, which has at least one element with the rank greater than 2, which in the
graph theory is called Euler’s formula;
b — number of degrees of freedom of the space in which the mechanism works (initially
called mobility number);
b; — number of degrees of freedom of the space in which the closed chain j operates; the
use of this initial definition of the mobility number, incorrectly formulated for the term by,
results in incorrect results for the degree of mobility.

The theoretical study was applied using the constructive parameters of the equipment to cut weeds
between plants on the same row, designed at INMA Bucharest (Fig. 2).

N
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Fig. 2. Experimental model of the equipment to cut weeds between plants on the same row

The contradiction that arises in this case, and that we want to eliminate, is the following:
improving the accuracy of calculating the degree of mobility for any mechanism, using the simplest
possible relations (this means avoiding writing the kinematic constraint equations, which are
complicated), with easy to set parameters. This contradiction will be eliminated by a strategy that uses
the principles recommended by the methods of invention. The following principles were used for
quick calculation of the mobility of the mechanisms: segmentation: the mobile elements of the
mechanism, or the reference ones, with a rank greater than or equal to 2, are segmented so that only
open kinematic chains exist. Prior to the kinematic analysis, the kinematic scheme of the mechanism
was prepared (Fig. 3) [10].
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Fig. 3. Kinematic scheme of the mechanism

866



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

2. Program for kinematic analysis of the mechanism for cutting weeds between rows
cd = 0.15; de = 0.45; k1 = 0.45; hk = 0.15;

= [0.80 0 O O O 0O1;

0.2 0 0 0 01;

.55 0 0 0 0 0]

-0.25 -0.2 0 O

alfa = pi/2;

o O

[
=1
[
[

& Hh Qo

0 01;

¢ functional input data:
el (1) = 2.3; @3(1) = 1.2; @4(1l) = 3.5; ¢6(l) = 5;
% alte date
n = 21;
nl = (n-1)/2;
sO = 0.85; cursa = 0.1;
pas = cursa/nl;
sl = [0 0.1 0];
s4 = [0 0.1 0],
for i =1 : n
if 1 < =nl + 1
sl(l) = s0 + (i-1) *pas;
s4(l) = s0 + (i-1) *pas;

else
sl(l) = s0O + cursa - (i-nl-1) *pas;
s4(l) = sO0 + cursa - (i-nl-1) *pas;
end

[p 3, ¢ 1,c] = A2PVA_G(d,a,sl,fi3,£fil, cd,s0);
[f ¢ 6, ¢ 4,h] = A2PVA_G(k,f,s4,fi6,fi4,hk,s0);
linel(-0.9,1,0,0); hold;

e = AIRALFA_G(d, ¢ 3,de,alfa); hold;

1l = ALRALFA_G(k, ¢ 6,kl,-alfa);hold;

s(i) = sl1(1);

e Preparation of the painting for angles:
vrl = [o 1(1), ¢ 3(1), ¢ 4(1), ¢ 6(1)];
vrz = [¢ 1(2), ¢ 3(2), ¢ 4(2), ¢ 6(2)];
ve3 = [@ 1(3), ¢ 3(3), ¢ 4(3), ¢ 6(3)];

varungh (i, :) = [i-1, vrl];
varvit(i,:) = [i-1, vr2];
varacc (i, :) = [i-1, vr3];

e Preparation of the figure for angles:

flp(i) = ¢ 1(1); f3p(i) = ¢ 3(1); f4p(i) = ¢ 4(1); fép(i) = ¢ 6(1);
e Preparation of the figure for angular speeds:
flv(i) = ¢ 1(2); £3v(i) = ¢ 3(2); f4v(i) = ¢ 4(2); fov(i) = ¢ 6(2);

e Preparation of the figure for angular accelerations:
fla(i) = o 1(3); f3a(i) = ¢ 3(3); fd4a(i) = ¢ 4(3); féa(i) = ¢ 6(3);
plot(e(l),e(2),"0",1(1),1(2),’0o’, "' MarkerEdgeColoxr’,"k’, ...
‘MarkerFaceColor’,’w’,’MarkerSize’,17);
e = AIRALFA_G(d, ¢ 3,de,alfa); hold;
1l = AIRALFA_G(k, ¢ 6,kl,-alfa);hold;
plot(a(l),a(2),"o’,d(1),d(2),’o’,£(1),£(2),"0",k(1),k(2)," 0", ...
‘MarkerFaceColor’,’'r"); %
daspect ([1,1,1]);
axis([-1 1.5 -1. 1.21);
pause (0.1);
hold off;
end

® Variation diagrams of the angles according to s-figures (3):
plot (s, flp,s, flp,"k-",s,£f3p,s,f3p, "kx’', ...
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s, f4p,s, f4p,"'k*’,s,f6p,s,f6p,’'ko’,’LineWwidth’,1.2)

% set (gca,’FontSize’,12,"XTick’,-1.0:2:7)

xlabel('s [m]’,’FontSize’,12)

ylabel (‘Unghiurile ¢ _1, ¢ _3, ¢ _4, ¢ _6 [rad]’,’FontSize’,12)
set (text,’FontName’,’'FixedWidthFontName ‘)

text (0.85,2.9," —— ¢ _1 ;' ,"FontSize’,10)

text (0.85,1.6,"xxx ¢ _3 ;’,’'FontSize’,10)

text (0.85,3.9,"*** o _4 ;’,'FontSize’,10)

text (0.85,4.5,’000 ¢ _6 ;',’'FontSize’,10)

e Variation diagrams of the angular velocities according to s-figures(4):
plot (s, flv,s, flv,’'k-",s,£f3v,s, f3v,"kx’, ...
s, fdv,s, f4v, ' k*’,s,f6v,s, £6v, ko’ ,’ LineWidth’,1.2)
xlabel (‘s [m]’,’FontSize’,12)
ylabel (‘Vit.ungh. \ © _1, \ ® _3, \ @ _4, \ @ _6 [rad/s]’,...
‘FontSize’,12)
text (0.86,0.2,"—— \ ® _1’,’FontSize’,10)
text (0.86,0.8, ' xxx \ w _3’,’FontSize’,10)
text (0.86,-0.2,"*** \ @ _4’,"’FontSize’,10)
text (0.86,-0.9,"’c00 \ ®w _6’,'FontSize’,10)

e Variation diagrams of the angular accelerations according to s-figures (5) :
plot (s, fla,s,fla,’'k + ’,s,f3a,s,f3a,’k-", ...
s, fd4a,s,fd4a,’"ko’,s,f6a,s,f6a,’kx’, " LineWidth’,1.2)
xlabel (‘s [m]’,’FontSize’,12)
ylabel (*Acc. ungh. \e_1, \ ¢ _3, \ ¢ _4, \ ¢
_6[rad/s”2]’,’'FontSize’,12)
text (0.92,0.4,” + + + \ ¢ _1 ,’"FontSize’,10)
text(0.92,1.1,"——— \ ¢ _3 Y,’FontSize’,10)
text (0.92,-0.45,’ ooo \ & _4 Y,’FontSize’,10)
text (0.92,-1.1," xxx \ ¢ _6 ,’FontSize’,10)

e Numerical tables of the parameters of the mechanism elements:
xlswrite (‘EX-unghiuri.xls’,varungh) ;
xlswrite (‘EX-vitezeungh.xls’,varvit);
xlswrite (‘EX-accelerungh.x1ls’,varvit);

Results and discussion

In analogy with the one-dimensional translation movement, for which we have used notions such
as: linear coordinate x, linear velocity v and linear acceleration a, we describe the rotational motion of
a body using: angular coordinate 6 (Fig. 4), angular velocity @ (Fig. 5) and angular acceleration &
(Fig. 6), defined in the same way as their correspondents from the translation movement.
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Fig. 4. Variation diagrams of angles
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Fig. 5. Variation diagrams of angular velocities
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Fig. 6. Variation diagrams of angular accelerations

Conclusions

1. This analysis was performed to observe, if the system works as intended in the design and there
are no blockages in the system.

2. Thanks to these analyses, we will know how each bar changes according to the others in real time
and the next step is to find a mathematical formula to correlate the forward speed, the distance
between the plants and the protection zone of the plant to make this mechanism work between
plants in same row without any sensor.

3. Any moving mechanical system needs such analysis before it is executed to avoid certain
execution problems, such as interference between elements.
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