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ABSTRACT: [he article presents the insertion manner - naturally e phy. point of view - o
some nonlinear components that generates optimal points, into the optimal calculation of the
energetic field of agricultural aggregates. Possible optimal models are exposed into the energetic
space of working processes and their outcomes. It is shown that the different optimal patterns
relative to the objective function Ijor example, generally, lead to different optimal points. Is offered
and an alternative of objective function constructed from several elementary objective functions.
Also in the article is made and a review of the development directions of the problem optimal of the
energetic space of working processes of agricultural aggregates. -
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INTRODUCTION

According to [12], the energetic balance is a balance relating to the sources and energy
consumption, including losses into a system or energetic plant. The balance of power after [12] is an
equilibrium relation developed to the engine shaft of a motor vehicle, tractor, etc. and the sum of
powers consumed for moving, performing the useful mechanical work and covering losses. Another
important balance is the balance of traction that according to [12] is a relation of balance of the
external forces operating on the tractor or of another traction vehicle. In [16] it is shown that the
balance of traction allows the determination of working conditions of the tractor for the different
areas and conditions of use. Also in [16], it is shown that the analysis of balance traction presents,
both practically and theoretically, a particular importance for optimizing the exploitation of
agricultural tractors. In [10] it is shown that the energy consumption in agricultural works is in
directly dependency of the working capacity of aggregates. For this reason, the working capacity
enters in the optimization models of working processes of agricultural aggregates. In fact [10] is
totally dedicated to the optimization of the energetic consumption, but this can not be really
optimized without considering a number of problems strictly related to the needs of agricultural
holdings: the rational use of traction parameters of agricultural tractors, the rational formation of
agricultural aggregates, optimization of displacement methods of agricultural aggregates, correlation
of the mechanization technologies with the requirements of reducing the energy consumption, the
introduction of automation in the driving of the agricultural aggregates, optimization the parameters
for construction of machines and agricultural aggregates, etc.

Following research, revealed that the most accessible and natural source that allows obtaining
of some optimal points in the energetic space (space of traction force functions, consumed power,
consumed energy, fuel consumption, working capacity), este neliniaritate functiilor frecare si
rezistenta la deformare a solului. These functions take the place of the conventional friction
coefficients and resistance to soil deformation. La baza acestei schimbdri de opticd, stau fapte
experimentale descrise in literatura On the basis of this change in optical, stay experimental facts
described in the specialized literature, for example, [6], [8], [7]. We exploited such some aspects
neglected by the cited authors, and we could obtain the optimal points of an working process carried
out by an agricultural aggregate, in a natural manner physically speaking. A similar technique of
introducing of some nonlinearities in the behavior of the same sizes have used some authors to get
optimal points in the energetic space of working processes of the agricultural aggregates, but the
introduction of nonlinearities was done without a physical motivation, thus causing the emergence of
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some physical quantities unused until then and too little physically significant, [5], [10], [11].
Moreover, the vision presented here leaves room and for further investigations, relating to the
dependency on other parameters of the friction coefficients and of resistance to the soil deformation.
The optimal models elaborated are of four types, depending on the chosen objective function: the
energy consumed specific to the unit of surface, working capacity, fuel consumption, a mixed
objective function consisting of the previous three. All the four optimal models use as main
optimization parameters, the movement speeds of the aggregate during the three main stages of the
working process: the effective work, the turning at the ends of plots and the displacement in no load.
Outside these four models, it is shown that exist also optimal models using the power or the traction
force like objective functions can estimate the possible optimal points, but only separately by working
stages. Only the energy and the mixed objective function enable the formulation of a global vision.
These are, within the optimal models expressed as objective functions of three variables: the speed in
working, the speed in turnings and the speed in no load.

The list and significance of the parameters used in the mathematical modeling of the problem
appear in Table 1.

Table 1. List of parameters of mathematical models used to optimize the energetics
of aggregates for the seedbed preparation

No. Parameter Notation M.U.

()

1 | Working speed (under load) v m/s
2 | Coefficient of friction at the tractor wheels running on the ground f -
3 | Coefficient of sliding friction of the machine with the ground U -
4 | Coefficient characterizing the specific resistance at deformation of soil k N/m*
5 | Coefficient depending on the shape of the active surface of working £ -
6 |Working depth a m
7 | Working width b m
8 [Mass density of the soil ) Kg/m’
9 | Machine weight Gn N
10 | Tractor weight G; N
11 | The tensile strength force opposed by the machine F: N
12 | The width of the plot C m
13 | The length of the plot L m
14 | Power required for overcoming the rolling resistance P; w
15 | Power required for the movement of the aggregate Py w
16 | Working capacity w m*/s
17 | Minimum loading coefficient of the tractor c -
18 | Coefficient value of rolling friction on ground for zero speed fo -
19 | The minimum value of the coefficient of rolling friction on the ground f1 -
20 |The speed at which the wheels friction with the ground is minimal Vi m/s
Coefficient value of sliding friction between parts of the machine and the soil at
21 | zero speed Ho )
22 The minimum value of the coefficient of sliding friction between parts of the j
machine and the ground H1
Speed at which the sliding friction between parts of the machine and ground is
23 minimal Vi m/s
24 | Coefficient value of resistance at deformation of soil at travel speed zero ko -
25 | The minimum value of the coefficient of resistance at deformation of the soil kq -
2 The speed at which the coefficient of resistance at deformation of the soil takes v m/s
the minimum value k
27 |Working Speed (at harvesting or under load) V.,V m/s
28 |Speed in no load Vo m/s
29 |Speed at u turns Vi m/s
30 | The string of lengths of traveled routes to repair the errors Ly m
31 | The energy consumption of the aggregate per surface unit Es j/m*
32 |Total time in working tr s
33 |Total time of u turns t; s
34 |Total time of running in no load t, s
35 | Fuel consumption for the agricultural machine, specific to the surface unit C [/m*
Multiobjective equation for the calculation of an optimal point in the working
36 process v )
Power available for the movement of aggregate and performing of useful work,
37 [15] Pdisp w
38 | Power necessary to carry out of stage in working Pr w
39 | Power consumed in u turns P; w
40 | Power consumed for traveling in no load [ w
B D

As shown in the introduction, the basic idea of the whole development is the transformation of
rolling friction coefficients and of contact between the parts of aggregates in contact with the soil or
the vegetation and of the coefficient of resistance at deformation of soil in equations that depend on
the movement speed of the aggregate, and perhaps of other parameters.

For the three parameters specified above, were used formulas of the type:
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+2fi_f()v+f0 fi 2 ,U(V) ,UO 2”1_ﬂ0v+ﬂ zlul 2 k(V) k0+2k k() +k0_2k1 v2 (1)

Fo =1

IMMEDIATE EFFECTS ON MINIMIZING OF TOTAL TRACTION FORCE FOR AN AGGREGATE INTENDED
FOR SEEDBED PREPARATION

An immediate use for a working process of an aggregate is obtained considering only the stage
of actual work not and the u turns and / or travels. no load Consider the following expression is the
total force required for the movement of the aggregate intended for the seed bed preparation (easy
deducted by [7], for example):

vy vf Vi Vi Vi Vk

FT(v)fOG,+u0Gm+kOab+2[f' fog HiH g +k1_k0ava+
vr Vi Vi

+[f0_2f1 G, + Ho —2H1 G, + ko_zkl ab+8pab]v2

(2)

vy Yu Vk
By cancellation of the derivative in relation to the speed, v, is obtained the optimal point of

coordinates:

hotog  mimbog Rk,
v, vy Vi
Vimin =~ _ . _ _ >
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vy vy vi
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- - ko~ k
Froi _Hfo S et Rtk ab+8pab](fOG, + 149G, + kgab)—
vy Vi Vi

2 -1
[fl fo G +MTH G L) ab] Mfo—zfl G1+Ho—2H1 G, +ko—2k1 ab + cpab
Vy vy Vi Vi

In a similar way it can obtain optimal points in the stages of u turn and of displacement in no
load, separately.

For energy calculation using classical way of separation process in three phases (actual work,
back and shift the goal, according to [10], for example), is estimated the traction force for each, is
multiplied at each stage of the traction force with the speed that the final energy is calculated for
each phase by multiplying the total power required by step. To complete the calculation of power
balance can be used the power balance from [15], then summing up, we obtain all the energy
consumed. For independence processed surface area can be divided by the total energy consumption
resulting specific area of the surface per unit area, E;. On this way we obtain the following expression
for the energy consumption of an aggregate work for seedbed preparation:

E(v,v;,v,) =[ /()G + k(v)ab+ y(v)Gergpabvz]Lqﬂﬂ} FO)G,+G,)l; [[C}+lj+ )G +G, )L, (4)

which has an optimal point (a minimum) of coordinates:

f f1+ab 0 k+Gmﬂo—ﬂ1
Vf Vi v 5
Vopt = f s & 4 —,U” > Viopt =Vrs> Voot = V- ( )
0 1+ab021+Gm 021+5pab
A4 A4
f k H
The minimum energy specific to the unit of surface consumed for carrying out the work will be:

E _ E(vopl’viopl’vgopl) . (6)

i

For example, in the case of tractor the aggregate A-1800 - Combinator BIPLAN 700, it is solved
an optimal problem of type (8 in Table 2)
v>0,v, >0,v, >0, Py, <max(Pr(v), B(v), B, (V) < Py E(v,;,v,) —> min, (7)
is found the optimal point of coordinates: v,,= 1.018 m/s (3.666km/h), Vipe= 1.78 m/s (6.408 km/h),
Veopt= 1.78m/s (6.408 km/h) using the formula for calculating the working capacity:

LC
wW,v;,v ) tT(v)+l‘l»(Vi)+tg(vg) ( )

tT(v)_éqﬂﬂj, ti(vl-)—i—"iﬂi}+lj, g(vg)_f—;, (9)

are: time spent for the working stage, where [+] is the function the whole part, the time spent for
returns stages, respectively, the time spent for stages of no load traveling. In this case the results W=

where:
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1.956 ha/hour. The variation in specific energy consumed in the case with the operating speed and the
turning speed is represented graphically in Fig. 1. If for the same aggregate, the objective function is
the fuel consumption, then the optimal coordinate point moves slightly, moving to operating speed of
the minimum consumption: v= 0.706 m/s (2.54 km/h), vi=1.78 m/s (6.408 km/h), vy= 1.78 m/s (6.408
km/h). It is observed that only the optimum working speed changed because the machine acts only at
the working stage of the process. The variation of fuel consumption for the combinator BIPLAN 700
towed by the tractor A-1800, depending on the working speed and the turning speed is graphically
represented as a surface in three-dimensional space in Fig. 2.

E
consum |’ lha
combustibil [~ 580

|- 588

S

mfs
Figure 1 - Variation specific energy consumed per Figure 2 - Variation of fuel consumption per hectare
hectare for the aggregate tractor A1800-combinator  for the combinator BIPLAN 700, in the working speeds
BIPLAN 700, in the subspace of the working speeds and of turning subspace, around the point of
and of turning around the point of minimum minimum, traction with tractor A - 1800

The data used in the calculation for the aggregate tractor A-1800 - Combinator BIPLAN 700 are:
5=0.1193, ko=31500 Pa, k,=30500, v,= 1.5 m/s, p=1000 kg/m’, f;=0.2, f;=0.17, v;=1.78, 14=0.5, ;= 0.4,
v,=1.7m/s, &2, my,=3950 kg, m=10200 kg, n:=0.98, c=0.85, a=0.18 m, b=7.0 m, P=147.2 kW.
OPTIMAL MODELS

It can now formulate several types of optimal problems, [9], [3], [2], [5], [14], [4], [13]. These
problems differ by the type and number of functions objective, the number of optimization variables
and the number and type of restrictions imposed to involved variables. Among the objective functions
of optimal models, the most commonly considered are: the tractive forces, consumed powers, the
energy consumed working, working capacity, fuel consumption. As functions objective can be
considered and the charging capacity of the tractor, functions of an economic nature related to
financial resources, functions objective with a topological character which take into account the
geometry of surfaces of some farms and choice of a best route to working, combinations of them, etc.

Table 2. Optimal energetic issues (models) for agricultural machines of seedbed preparing

Variables |

optimization Restrictions Enunciation

The objective function

. Annulment the first derivative with
1 Fi(v) v facultative change of sign
. Annulment the first derivative with

2 Fr(v) v facultative change of sign

] ] facultative: Annulment of first order partial
3 Fe(v,Vi,Vg) V,Vi, Ve Vi<v derivatives

] ] facultative: Annulment of first order partial
4 Fr(v,Vi,Vg) V,Vi, Ve Vi<v derivatives
5 W(v) v CPy<Ps<Py Mathematical programming
6 W(v,v;,v,) V,Vi,Ve CP4<Ps<Py Mathematical programming

. ] Annulment of first order partial
7 E(v,vi,vg) V, Vi, Vg derivatives
8 E(v,vi,Vo) V,Vi,Ve CP4<Ps<Py Mathematical programming

Annulment of first order partial
9 Cs(v,VirVe) V,Vis Ve derivatives
10 Cs(V,Vj, Vo) V,Vi,Vq CPy<Ps<Py Mathematical programming
Combinations of . . .
11 objective functions, ¥ V,Vi, Vg facultative Mathematical programming
Combinations of ] Ps<Pg, for the working . .

12 objective functions, ¥ VVisVe stage and turning Mathematical programming

As variables of optimization can be used all the variables arguments of functions that appear in
Table 1. Of these, the most used are: the working speed, the working width (if this can vary).

The restrictions are of the type of inequalities, typically by limiting the range of speeds or by
ordering the working speeds (on the three different stages, if any). It is also possible put the
condition of fuel consumption limitation but also of the working capacity in a positive or negative
sense. In some cases, the quality of the work is measured by a formula linking the quality to the
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optimization variables, this function can be used for expressing a restriction or as objective function.
The positively of speeds is a natural requirement that no longer need to be specified.

Issues or models with which will work in this material is the most common. Some of the most
important issues that can be formulated are given in Table 2. For simplicity, it will be assumed that
the three types of speed (in working, in no-load and in turnings) have the same value in time, being
therefore constant. Comparative results obtained using various objective functions for the aggregate
U-650 tractor + universal drill carried SUP-29 are given in Table 3.

Table 3. Optimal regimes obtained using different objective functions
for the aggregate U-650 tractor + universal drill carried SUP-29

Objective Optimal values \
function v, m/s v; m/s Vo, M/s E;, kWh/ha W, ha/h Cs, l/ha
0.578 1.780 1.360 33.837 0.540 3.298
w 1.181 4.258 1.834 36.753 1.100 4.158
Cs 0.365 1.780 1.360 34.151 0.350 3.236
W 0.937 3.686 1.834 34.971 0.881 3.692

The functional multiobjective used for the simultaneous attainment of optimal conditions for
three objective functions has the structure:

W( ) 2 2 2

V,V;,V . )

W(,v,vy) = | oy | 1-————52 | +p, |- Gmin | 4o Cmin |, (12)
Wmax ES (V, Vi > vg ) Cs (V, vi > vg)

€min, Cmin @Nd Wnax being optimal values obtained for single objective functionals energy, consumption
and working capacity, and the shares of each term corresponding to one of the three objective
functions being set by the author of the optimization, on condition:

pW+pe+pc:1‘ (13)

CONCLUSIONS

The investigations optimal of the energetic field of aggregates intended for seedbed
preparation, bring as main novelty an acceptable physical point of view on the main factors involved
in the existence and positioning of the points defining their optimal working processes. If our
predecessors considered nonlinear laws to get optimal points only in order to obtain some equations
providing points of extremum in the strict sense, in this attempt is proposed the alternative that the
formulation of nonlinear laws to start from a transparent reality in the scientific literature starting
with the the first half of the twentieth century and continuing with the latest research. In this
specialized literature we found the reasons to extend the friction coefficients and resistance to
advance coefficients of agricultural machines and aggregates to nonlinear functions of the travel
speed, that make that the parameters previously called coefficients to become functions.

Another note of originality in the results presented was to emphasize the importance of point of
view which makes optimization (choice of objective function). For each choice, the results dieferd,
even if often only little quantitative and without reversing the order generated on a specific
collection of variants. It was built as a joint objective function capable of simultaneously consider
three objective functions, the user can choose a lower consumption or an increased working capacity,
or a reasonable balance between them for example.

The optimal calculation is very voluminous, contains a large number of parameters defining the
energetic framework of the problem. For this reason, each of the specific cases of the calculation is
very specific, depending on the configuration parameter values from a large number of such
combinations. In the chosen combination, a calculation is made to determine the optimal speed for an
triplet (in the working in turnings and empty) that the tractor will try to achieve or approach them as
much as each of the three step. It also shows and how important it is the partial farness of optimal
points through the effects that it has.

In general, the optimal calculation described in this chapter, gives results in good agreement
with the experimental results [1]. The differences are coming from the fact that the consumptions
and the calculated working capacity is an optimal one, whereas in experiments there are instances of
working various. Also, there is no experimentally determined values for all the constants defining the
optimal models, in fact some of them never longer being experimentally determined (non-existing
therefore any standardized methodology for determining).

For all simulation algorithms, for all processes, it must that the analysis of turnings to be
detailed and from the dynamic point of view ', to decide whether the optimal speed indicated by the
optimal model solution is accessible or not. Study of aggregates dynamics into curves, in turnings is a

' A general formulation of the optimal problem into the energetic space of the agricultural aggregates is a complex problem that
we do not see currently realizing than using a basic framework of functional analysis, doubled with the theory of systems with
command, both interwoven by the base model of the dynamics of aggregates given by the classical mechanics. It is a future
formulation for this problem, aiming to determine the optimal path into the energetic space of working processes of the
agricultural aggregates.
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separate study who must decide the speed limit within which the stability (especially the lateral one)
of the aggregate is satisfactory, taking into account also the slope of the land.
Second-degree polynomial coefficients defining coefficients of friction and the resistances to
advance as functions of the travel speed, can be identified from experimental data by the method of
least squares, for example.
In the second degree polynomial coefficients defining the coefficients of friction and soil
resistance to deformation as functions of the travel speed, can be introduced and other soil
parameters such as moisture content, the percentages of sand, clay, etc.. These new parameters may
have the role of deciding the existence of a minimum point of these laws, condition necessary for the
realization of some optimal points in the strict sense, and in this case, they decide the movement of
optimal points in one direction or another.
One of the parameters that in the future optimal models will become function and must be
based on the travel speed (laterand of the soil moisture) is the slipping, which is introduced into
computational models presented only as a coefficient, constant which is a characteristic of process.
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