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PREDGOVOR - PREFACE

Sustavnim radom organizacijskog tima, a uz stalnu potporu kolega iz struke, strukovnih
udruga (HUPT i HAD), trgovackih kuca-predstavnika svjetskih proizvodaca poljoprivred-
nih strojeva i opreme, Ministarstva znanosti obrazovanja i $§porta i Ministarstva poljopriv-
rede, Sumarstva i vodnog gospodarstva, te medunarodnih udruga Poljoprivredne tehnike
(EurAgEng, CIGR, AAAE i AAESEE) dospjeli smo do 36. Simpozija ”Aktualni zadaci
mehanizacije poljoprivrede”. Tijekom proteklih godina obisli smo slijedece gradove, do-
madine simpozija: Zagreb (*70, ‘82), Zadar (75, ‘87), Pore¢ (*77, ‘81), Split (’78, ’85),
Opatija (’79, ’83, ’84, 88, 90, *94 — 08), Sibenik (*80), Rovinj (’86), Trogir (’89),
Stubicke toplice (‘92) Pula (91, *93). Dakle, najveci broj godina, ukupno 19, grad domacin
bila je Opatija. Ukupan broj radova od 1.425, varirao je 20 — 83, prosjecno 44.5 radova, a
ukupan broj stranica svih Zbornika je 13.432 s variranjem 58 — 900, prosjecno 419.8. Ovaj
36. po redu Zbornik sadrzi 63 rada sa slijede¢im uée$éem: Bugarska, Bijelorusija, Ceska,
Indija, Litva i Sjedinjene Americke Drzave (1), Italija i Njemacka (2), Madarska i Turska
(3), Bosna — Hercegovina (4), Srbija i Kina (5), Hrvatska (8), Slovenija (9) i Rumunjska
(16). Zahvaljujemo svim sponzorima koji su svojom potporom omogucili odrzavanje ovak-
vog skupa, autorima referata, kao i svim ucesnicima na interesu. Posebno se zahvaljujemo
Ministarstvu znanosti i tehnologije Republike Hrvatske na stalnoj potpori. Svim sudionici-
ma zelimo ugodan boravak u Opatiji za vrijeme odrZavanja Simpozija.

Continuous work of organizing team with long-term support of our colleagues, our
associations (CAES, CSA), commercial representatives of the world famous agricultural
machinery and equipment producers, Ministry of sciences, education and sport, Ministry of
agriculture, forestry and water management and finally world known associations for agri-
cultural engineering (EurAgEng, CIGR, AAAE and AAESEE) has brought us to the 36"
symposium “Actual tasks on Agricultural Engineering”. During all that years host towns
were as follows: Zagreb (°70, ‘82), Zadar (75, ‘87), Pore¢ (77, ‘81), Split (’78, ’85),
Opatija (°79, *83, ’84, 88, 90, *94 — 08), Sibenik (*80), Rovinj (’86), Trogir (’89),
Stubicke toplice (‘92) Pula (’91, *93). So, Opatija was our favourite town with 19 years in
total. Total number of published papers was 1,425 with variations 20 to 83 per proceedings,
in average 44.5 papers. Total number of pages was 13,432 with variations of 58 to 900 per
proceedings, in average 419.8 pages. This proceedings contains 63 papers among them are:
Bulgaria, Belarussia, Czech, India, Lithuania and USA with 1, Italy and Germany with 2,
Hungary and Turkey with 3, Bosnia — Herzegovina with 4, Serbia and China with 5 ,
Croatia with 8, Slovenia with 9 and Romania with 16 papers. We would like to thank
authors, reviewers, participants and especially sponsors for their contribution to organise
the symposium. We especially emphasize sponsoring of Ministry of Sciences education and
sport of Republic of Croatia who support us for 13 years. Finally we wish all participants,
our colleagues pleasant time and company during symposium.

Chief Editor
Zagreb, sijecanj - January 2008. Prof. dr. sc. Silvio Kosuti¢
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DEBRIS FLOW AND DAM-BREAK FLOODING WAYVES:
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ABSTRACT

To predict flood and debris flow dynamics a numerical model, based on 1D
De Saint Venant (SV) equations, was developed. The McCormack — Jameson
shock capturing scheme was employed for the solution of the equations, written
in a conservative law form. This technique was applied to determine both the
propagation and the profile of a two — phase debris flow resulting from the
instantaneous and complete collapse of a storage dam.

The full two — phase model features mass and momentum conservation
equations for each phase, along with an interaction force between the two
phases. The latter eases, on one hand, the propagation of the solid phase, while,
on the other hand, plays a friction role with regard to the clear water.

On the whole, the model proposed can easily be extended to channels with
arbitrary cross sections for debris flow routing, as well as for solving different
problems of unsteady flow in open channels by incorporating the appropriate
initial and boundary conditions.

The great advantages of the technique developed are based on the strong
shock capturing ability of the McCormack — Jameson numerical scheme as well
as on the simplicity of application of the resulting algorithm when considering
1D debris flow phenomena.

Key words: Debris flow, dam-break, rheological behaviour of the mixtu-
res, two-phase modelling

INTRODUCTION

A thorough understanding of the mechanism triggering and mobilising debris flow
phenomena plays a role of paramount importance for designing suitable prevention and
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mitigation measures. Achieving a set of debris flow constitutive equations is a task which
has been given particular attention by the scientific community (Julien and O’Brien, 1985;
Chen, 1988; Takahashi, 2000). To properly tackle this problem relevant theoretical and
experimental studies have been carried out during the second half of the last century.

Research work on theoretical studies has traditionally specialised in different mathema-
tical models. They can be roughly categorized on the basis of three characteristics: the
presence of bed evolution equation, the number of phases and the rheological model
applied to the flowing mixture (Ghilardi et al., 2000).

Most models are based on the conservation of mass and momentum of the flow, but only
a few of them take into account erosion / deposition processes affecting the temporal
evolution of the channel bed.

Debris flow are mixtures of water and clastic material with high coarse particle contents,
in which collisions between particles and dispersive stresses are the dominant mechanisms
in energy dissipation. Therefore, their nature mainly changes according to the sediment
concentration and characteristics of the sediment size (Hui — Pang and Fang — Wu, 2003).

The rheological property of a debris flow depends on a variety of factors, such as
suspended solid concentration, cohesive property, particle size distribution, particle shape,
grain friction and pore pressure.

Various researchers have developed models of debris flow rheology. These models can
be classified as: Newtonian models (Johnson, 1970; Trunk et al., 1986), linear and non
linear viscoplastic models (O’Brien et al., 1993), dilatant fluid models (Bagnold, 1954;
Takahashi, 1978), dispersive or turbulent stress models (Arai and Takahashi, 1986),
biviscous modified Bingham model (Dent and Lang, 1983), and frictional models (Norem
et al., 1990; Iverson, 1997). Among these, linear (Bingham) or non — linear (Herschel —
Bulkey) viscoplastic models are widely used to describe the rehology of laminar debris /
mud flows (Jan, 1997; Coussot, 1997).

Because a debris flow, essentially, constitutes a multiphase system, any attempt at
modelling this phenomenon that assumes, as a simplified hypothesis, homogeneous mass
and constant density, conceals the interactions between the phases and prevents the
possibility of investigating further mechanisms such as the effect of sediment separation
(grading).

Modelling the fluid as a two — phase mixture overcomes most of the limitations
mentioned above and allows for a wider choice of rheological models such as: Bagnold’s
dilatant fluid hypothesis (Takahashi and Nakagawa, 1994; Shieh et al., 1996), Chézy type
equation with constant value of the friction coefficient (Hirano et al., 1997; Armanini and
Fraccarollo, 1997), models with cohesive yield stress (Honda and Egashira, 1997) and the
generalized viscoplastic fluid Chen’s model (Chen and Ling, 1997).

Notwithstanding all these efforts, some phenomenological aspects of debris flow have
not been understood yet, and something new has to be added to the description of the
process to reach a better assessment of the events. In this contest, the mechanism of dam —
break wave should be further investigated. So far, this aspect has been analysed by means
of the single — phase propagation theory for clear water, introducing in the De Saint Venant
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(SV) equations a dissipation term to consider fluid rheology (Coussot, 1994; Fread and Jin,
1997).

Many other models, the so — called quasi — two — phase — models use SV equations,
together with erosion / deposition and mass conservation equations for the solid phase, and
take into account mixture of varying concentrations. All these models feature monotonic
velocity profiles that, generally, do not agree with experimental and field data.

In the present report a 1D two — phase model for debris flow propagation is proposed.
SV equations, modified for including erosion / deposition processes along the mixture path,
are used for expressing conservation of mass and momentum for the two phases of the
mixture. The scheme is validated for dam — break problems comparing numerical results
with experimental data. Comparisons are made between both wave depths and front
propagation velocities obtained respectively on the basis of laboratory tests and with
predictions from the numerical model proposed by McCormack — Jameson (McCormack,
1969; Jameson, 1982). These comparisons allow the assessment of the model performance
and suggest feasible development of the research.

THEORETICAL BACKGROUND

Debris flow resulting from a sudden collapse of a dam (dam — break) are often
characterised by the formation of shock waves caused by many factors such as valley
contractions, irregular bed slope and non — zero tailwater depth. It is commonly accepted
that a mathematical description of these phenomena can be accomplished by means of 1D
SV equations (Bellos and Sakkas, 1987; Bechteler et al., 1992; Aureli et al., 2000).

During the last Century, much effort has been devoted to the numerical solution of the
SV equations, mainly driven by the need for accurate and efficient solvers for the disconti-
nuities in dam — break problems.

A rather simple form of the dam failure problem in a dry channel was first solved by
Ritter (1892) who used the SV equations in the characteristic form, under the hypothesis of
instantaneous failure in a horizontal rectangular channel without bed resistance. Later on,
Stoker (1949), on the basis of the work of Courant and Friedrichs (1948), extended the
Ritter solution to the case of wet downstream channel. Dressler (1952, 1958) used a
perturbation procedure to obtain a first — order correction for resistance effects to represent
submerging waves in a roughing bed.

Lax and Wendroff (1960) pioneered the use of numerical methods to calculate the
hyperbolic conservation laws. McCormack (1969) introduced a simpler version of the Lax
— Wendroff scheme, which has been widely used in aerodynamics problems. Van Leer
(1977) extended the Godunov scheme to second — order accuracy by following the
Monotonic Upstream Schemes for Conservation Laws (MUSCL) approach. Chen (1980)
and Chen and Ambruster (1980) applied the method of characteristics, including bed
resistance effects, to solve dam — break problems for reservoir of finite length.

Hunt (1982) proposed a kinematic wave approximation for dam failure in a dry sloping
channel.
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Flux splitting based schemes, like that of the implicit Beam — Warming (1976), where
applied to solve open channel flow problems without source terms and, in general, reported
good results. However, these schemes are only first order accurate in space and employ the
flux splitting in an non conservative way. When applied to some cases of dam — break
problems, these tools gave much slower front celerity and higher front height when com-
pared to experimental tests. Later, Jha et al. (1996) proposed a modification for achieving
full conservative form of both the continuity and momentum equations, employing the use
of the Roe average approximate Jacobian (Roe, 1981). This produced significant improve-
ment in the accuracy of the results.

Total Variation Diminishing (TVD) and Essentially Non Oscillation (ENO) schemes
were introduced by Harten (1983) and Harten and Osher (1987) for efficiently solving 1D
gas dynamic problems. Their main property is that they are second order accurate and
oscillation free across discontinuities.

Recently, several 1D and 2D models using approximate Riemann solvers have been
reported in the literature. Such models have been found very successful in solving open
channel flow and dam — break problems. Zhao et al. (1994) reported implementation of an
approximate Riemann solver with Osher scheme in finite volume and later extended that
work by including flux — vector splitting and flux — difference splitting (Zhao et al., 1996).

In the past ten years, further numerical methods to solve flood routing and dam — break
problems, have been developed, that include the use of finite elements or discrete / distinct
element methods (Asmar et al., 1997; Rodriguez et al., 2006).

Finite Element Methods (FEMs) have certain advantages over finite different methods,
mainly in relation to the flexibility of the grid network that can be employed, especially in
2D flow problems.

In this context, Hicks and Steffer (1992) used the Characteristic Dissipative Galerking
(CDG) finite element method to solve 1D dam — break problems for variable width
channels.

The McCormack predictor — corrector explicit scheme is widely used for solving dam —
break problems, due to the fact that it is a shock — capturing technique, with second order
accuracy both in time and in space, and that the artificial dissipation terms TVD correction,
can be easily introduced (Garcia and Kahawita, 1986; Garcia Navarro and Saviron, 1992).

The main disadvantage of this solver regards the restriction to the time step size in order
to satisfy Courant — Friedrichs — Lewy (CFL) stability condition. However, this is not a real
problem for dam — break debris flow phenomena that require short time step to describe the
evolution of the discharge. To ease the time step restriction, implicit methods could be
considered. In this case, the variables are calculated simultaneously at a new time level,
through the resolution of a system with as many unknowns as grid points. For non — linear
problems, such as the SV equations, the resulting system of equations is also non — linear
and either a linearisation or an iterative procedure is required. This extra computation time
is, usually, compensated by the possibility of achieving unconditional or near unconditional
stability for the scheme or allowing the use of very high CFL numbers. To this end, implicit
TVD schemes have been proved to be unconditionally stable, even when a linearisation
technique is applied to solve a non — linear hyperbolic equation (Yee, 1987; 1989).
Attempts along this line of work were presented by Alcrudo et al. (1994) introducing in the
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McCormack scheme TVD corrections to reduce spurious oscillations around discontinui-
ties, both for 1D and 2D flow problems and by Delis et al. (2000) developing new implicit
TVD methods to solve SV equations.

Governing Equations

The 1D approach for unsteady debris flow triggered by dam — break is governed by the
SV equations. This set of partial differential equations describes a system of hyperbolic
conservation laws with source term (S) and can be written in compact vector form as
follows:

oV oF
—+—=S (1)
Jt Os

where:

V= 4 F=|0? ¢ S= 0
- 0 - %+g'11 - g‘A-(i—Si)+g-12

with A(S,t ): wetted cross — sectional area; Q(S,t ): flow rate; s: spatial coordinate; t:

temporal coordinate; g: acceleration due to gravity; i: bed slope; S;: bed resistance term or
friction slope, that can be modelled using different rheological laws (Rodriguez et al.,
2000).

The pressure force integrals /; and /, are calculated in accordance with the geometrical
properties of the channel. /; represents a hydrostatic pressure form term and /, represents
the pressure forces due to the longitudinal width variation, expressed as:

h h

2
1= [t =n)o(sn)-dn 1, = [(H-n)-dn @
0 0

where H: water depth; 7] : integration variable indicating distance from the channel bottom;

o (S, 77) :channel width at distance 7} from the channel bed, expressed as:
0A(s,n
ofs.n)= 2407 g
a7

To take into account erosion / deposition processes along the debris flow propagation
path, which are directly related to both the variation of the mixture density and the temporal
evolution of the channel bed, a mass conservation equation for the solid phase and a erosion
/ deposition model have been introduced in the SV approach.

Defining the sediment discharge as:
q(s.t)=E-B (4)

with E: erosion / deposition rate; B: wetted bed width, the modified vector form of the SV
equations can be expressed as follows:
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oV OF
L8

oV 9% _g 5
ot Os ©)

where:

4 0 q(s.t)

2
V=l 0 F= %+g-1] S=|g-Ai-S8,)+g-1,
c, - A c, 0 E-c.-B

with ¢,: volumetric solid concentration in the mixture; c¢«: bed volumetric solid concentra-
tion.

Two Phase Mathematical Model

Debris flow is, essentially, a multiphase system, so modelling the flow as a two — phase
mixture is the best way to predict these phenomena. The change in debris flow density can
be modelled through mass and momentum balance of both phases (solid and liquid) and
interactions between the two could be assessed by means of appropriate additional terms
(Wallis, 1962; Wang and Hutter, 1999).

The erosion / deposition rate is, generally, controlled by the excess of the local instanta-
neous concentration over the equilibrium concentration. Egashira and Ashida (1987) and
Honda and Egashira (1997) computed this rate by means of a simple relationship, while
Takahashi et al. (1987) proposed semi — empirical expressions. All these models ignore the
spatial and temporal variations of debris flow density in the momentum balance equations.

In the present work granular and liquid phases are considered. The model includes two
mass and momentum balance equations for both the liquid and solid phases respectively.
The interaction between phases is simulated according to Wan and Wang hypothesis
(1984). The system is completed with equations to estimate erosion / deposition rate deri-
ved from the Egashira and Ashida relationship and by the assumption of the Mohr —
Coulomb failure criterion for non cohesive materials.

Mass and momentum equations for the liquid phase

Mass and momentum equations for water can be expressed in conservative form as:

90,(5.1), e, Als.)_ B
0s ot

=g.cl.A-[i—J—aa—H)—F ™)

S

99, , (5 O
ot Os ¢, A

with O, (S,t ): flow discharge; ¢;; volumetric concentration of water in the mixture; /[3:

momentum correction coefficient that we will assume to take the value ﬂ =1 from now
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on; J: slope of the energy line according to Chézy’s formula; i: bed slope; F: friction force
between the two phases.

According to Wan and Wang (1984), the interaction of the phases at single granule level
fis given by:

”'dsoz P '(Vz _Vs)

=C,. -
fD4 2

’ |VI - vs

(8)
with ¢p: drag coefficient; v;: velocity of water; v,: velocity of the solid phase; dsp: mean
diameter of the coarse particle; O, : liquid density.

Assuming grains of spherical shape and defining the control volume of the mixture as:

V.=B-H-cos?¥-ds=B-H-ds )

with ¢J channel slope angle, which holds for low channel slopes, the whole friction force F
between the two phases for the control volume can be written as:

-C—S-H-B~ds (10)
d

50

3
F:Z'CD P, _Vs)"vl —Vy

Mass and momentum equations for the solid phase

Mass and momentum conservation equations for the solid phase of the mixture can be
expressed as:

e, 'A)+aQS —E-c.-B (11)
ot s
2
aQs+i 9 :_g.u.cs.(1+i2).a_H.A+F+
ot 0s c, - A P, s

(12)

with O (S, t ): discharge of the solid rate; O, : solid phase density.

According to Ghilardi et at. (1999) and to Egashira and Ashida (1987), the bed volume-
tric solid concentration ¢« was assumed to be constant and the erosion velocity rate E a
function of the mixture velocity U:

E=U -k, 1g(0, -0, (13)

with kg: coefficient equal to 0.1 according to experimental data (Egashira and Ashida,
1987; Gregoretti, 1998; Ghilardi et al., 1999; Gregoretti, 2000).
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Positive or negative values of E correspond to granular material erosion or deposition,
respectively.

?9]- and U, represent the energy line and the bed equilibrium angles, respectively,

expressed as (Brufau et al., 2001):

U, = arct { J } (14)
/ & cos ¢}
U = arclg{ G (ps — '0) -tgd (15)
¢,-(p,=p)tp
where the debris flow density is defined as:
p=(p,—p)c +p, (16)

and @ is the static internal friction angle.

The equilibrium angle is a relevant parameter that depends, mainly, on the concentration
of the mixture and on the ratio between solid and water density. When the slope of the
channel bed has reached the equilibrium angle, no erosion or deposition occurs and a steady
bottom state is reached.

Ghilardi’s hypotheses refer to a set of equations that include two mass conservation
equations (one for the mixture and another for the solid phase) and a single momentum
balance equation for the 1D flow. This leads to the assumption that the finer solid fraction
in the interstitial fluid is negligible. So, the same velocity for the coarser solid fraction is
assumed too. In our two — phase model U is defined as follows:

U=cyv, +cv, 7

For J several resistance formulas have been implemented, from the dispersive stress
model proposed for stony debris flow by Takahashi (1991) to the traditional Manning
formula (Chow, 1959). In the present work the Takahashi equation has been chosen,
according to the dilatant fluid hypothesis developed by Bagnold (1954):

2
J=S, = 5 v (18)
LE # Cs+(1_cs)& gR
5-dgy A) a,-send P,
with R: hydraulic radius given by:
A
R=— 19
3 19)

where P is the wetted perimeter.
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The quantity A (linear concentration) depends on the granulometry of the solids in the
form:

A=—F— (20)

where ¢,,; maximum packing volume fraction (for perfect spheres c,, = 0.74); a,: empirical
constant.

Takahashi fitted his experimental data in flumes with fixed walls using for g, the value
given by Bagnold a, = 0.042. In presence of an erodible granular bed, he found higher
resistance, so the value of a;, was incremented to 0.35 — 0.50. The dynamic internal angle of

friction & was assessed by reducing the static one ¢ of 3° — 4° (Takahashi, 1991).

For high values of sediment concentration, the resistance is mainly caused by the
dispersive stress and the roughness of the bed does not influence the resistance (Scotton and
Armanini, 1992). For low values of the same characteristic the energy dissipation is mainly
due to turbulence in the interstitial fluid and the influence of the wall roughness become
important. In such case, Takahashi (1991) suggests to use the Manning’s equation or
similar resistance law.

With regard to the momentum conservation equation (12) all its terms have been
evaluated considering only the fraction of volume actually occupied by grains and ignoring
the erosion / deposition velocity.

The weight of the solid phase in the control volume can be expressed as:
W': Ws _SA :g(ps _pl)'cs 'B'HCOSﬁ'dSzg'(ps _pl)'cs BHdS
€2y

where S, represents the buoyancy force.

Considering the control volume to be in critical equilibrium conditions and assuming an
hydrostatic distribution of solid phase pressure, the Mohr — Coulomb failure criterion for
non cohesive materials allows to assess the bottom shear stress of the volume:

7—':7’-lim B:G'ntg¢B (22)

where 7, is the shear stress in limit equilibrium conditions and ¢”, the normal stress for the
solid phase along the failure surface, which can be expressed as:

o, =W'cosd=g-(p, —p,)-c, H cos’

T =W'send=g-(p, —p,)-c, - H-sin¥- cos ¥ 23)

When the stress condition along the failure surface is known, it is possible to evaluate
the lateral stress, and so the lateral forces I, and II, of the control volume.
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For mild bed slopes, the dynamic internal angle J and the static one ¢ are equal in

critical equilibrium conditions, so the shear stress 7;, can be written as:
T =—g (0, —p,) c, - Hcosd-sind (24)

Finally, the difference between lateral forces I, and II, and the bottom shear stress

Tiim Of the control volume become:

I, -11, _ I, ds=-g-(p,—p,)c, -(1+i2)~%—H-A'dS (25)
A A
T,, =0 1gp-B=g-(p,—p,)-c,-(1-i*)-1gp- A-ds (26)

It is worth mentioning that the momentum equation (12) holds when both phases of the
mixture coexist. When a single momentum balance equation of the debris flow is
considered, both the friction between the two phases and the buoyancy forces vanish.

Numerical Model

The SV equations for 1D two — phase unsteady debris flow can be expressed in compact
vector form as follows:

a_V+E+C.E=S 27
dt  Os os

where, for a rectangular section channel and for a completely mixed fluid,

0, 0
¢ 4 0, 0
A 2 2
V= € F'= Y F'= lgA_
0, c A 2 B )
0 0. L pmpi o)A
c, A 2 P
0
E-c.-B
3 c, A
S = g¢ -4 (I_J)_Z Cp (vl_vs)2 dy
g cs A pb p[ [(12 l)tg§+l]+_ CD & (vl_vs)z‘cs'A
K ps dSO
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Mc Cormack - Jameson Solver

Numerical solution of equation (27) is based on the well known McCormack — Jameson
predictor — corrector finite difference scheme (McCormack, 1969; Jameson, 1982).

i+i i+1

Ve =V =2 o, - 200 -avr e - o, - 200 s
VeV - At{[HF',H (1-20)F 7 ~(@-1)F'7, [+ C? |2, +(1-20)F" 7 +(0 —1)F"7, [+ ArS?

Vin+l — %(V:‘p + VI_L‘ ) (28)

where i and # are the spatial and temporal grid levels, As and Af the spatial and temporal
steps, with s, = (1—)-As, ¢, =(1—n)-At, i,n =1,2... and the superscripts “p” and

“ t3]

indicate the variable at predictor and corrector steps, respectively.

The order of backward and forward differentiation in the scheme is ruled by € which

can be also cyclically changed during the computations (Chaudry, 1993). In our scheme &
is set equal to 1, to obtain a best stability condition.

Predictor:

[C/A]f :[CIA]7 _%[ 17 _Q/L]
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Corrector:

[C/A] [CA At [Q/,+1 Q/,]
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The variables at time n+/ are evaluated as a mean between the values at predictor step
and those at corrector one:

e, - Al =2 (e, - 4l +1e, - 4T)

2

&“:%&f+q) (31)

0" =0 +0;)

Q n+l (Q“ +Q” )

Artificial additional terms must be added to the original form of the McCormack sche-
me, in order to avoid spurious oscillations and discontinuities without any physical signifi-
cance. Different approaches have been proposed to eliminate these effects (Roe, 1981;
Jameson, 1982; Harten, 1983; Chaudry, 1993). All these approaches allow to avoid no —
physical shock in numerical solutions and to achieve suitable results.
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Verification of shock capturing numerical schemes is often performed comparing
computed results with experimental data in which shocks are not present at all. In the
present work, the artificial dissipation terms introduced by Jameson (1982), according to
the classical theory developed in the field of aerodynamics, are assumed. They can be
written as:

d = (v

. 1 i+l
i+— i+— —
2 2 2

tV)-eh -

i+2

3.V

i+i

+3-V,-V,.,) (32)

where:

e? = max(ei(z) €Y )
i+— "
2

|
h
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e? =a®. (33)

i+l
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i
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In order to solve the problem of propagation of a debris flow wave resulting from the
break of a storage dam, appropriate initial, boundary and stability conditions have to be
introduced.

Initial and boundary conditions

Initial conditions are discontinuous across the dam location. As a matter of fact, it is
assumed that at time # = 0, there exists no flow at all, i.e. the mixture behind the dam is still
and the downstream bed is dry. This lead to an unrealistic stationary shock, if the
McCormack original scheme, without artificial dissipation terms, is adopted (Alcrudo and
Garcia Navarro, 1994). The addition of the dissipation terms allows to remove this
unrealistic shock and to avoid any approximate procedure (Bellos and Sakkas, 1987).

The depth of water, the velocities and concentrations of the two phases are given by:

H(5.0) = — . (s—s,) S<s,
0 s>s,"
v,(5,0)=0
v, (5,0)=0
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C... s<s
CS(S,O): Sinit D . (34)
0 S22,
- s<s,
C] (S,O)— Linit D )
0 s25,

where H): initial depth behind the dam; L = sp-sz: length of the reservoir; sp, sz abscissas
of the dam site and the reservoir end; ¢ i, €7 inirs initial solid and liquid concentration
upstream of the dam, while the relation between the concentration of the two phases is:

¢ +c, =1 (35)

In the case of a partial dam — break, internal boundary conditions at the dam — site cross
section are needed. The kind and form of the conditions needed depend on the assumptions
made regarding the development of the breach and flow conditions existing at the breach
(Shamber and Katopodes, 1984).

Regarding the boundary conditions, to evaluate predictor step at the node (i ,h+ 1), the

variable values at the grid points (i —1,7), (7,7) and (i+1,7) must be known. This

implies that to properly apply the McCormack solver at the boundary node of the upstream
solid wall, when the depth of the mixture is not zero at the upstream end of the reservoir,
the following symmetric conditions for depth and volumetric concentrations, and anti —
symmetric conditions for velocities should be defined.

H(-1,j)=H( ) A1, 7)= A0 j)
vi (=1 j)=-v (L) 0,(-1/)=-0,1)
v,(-Lj)=-v,(Lj)  orraher  Q(-1/)=-0,(Lj)  (36)
¢/(=1j)=¢,1) ¢, A(=1,j)=c AL j)

c,(-1,j)=c,(1)) c, A1, j)=c, A(1, )

No problem arises for the assessment of the correct step, due to the fact that every
computation code refers to grid points inside the domain. It is worth underlying that the
McCormack scheme has a strong shock — capturing capability. Thus, it can be used for the
solution of the unsteady flow equations, in conservative law form, either when the flow is
wholly gradually varied or the latter is affected with surges or shocks. This is the case of a
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dam — break flow advancing down a river with an initial flow, and it constitutes the so —
called wet — bed dam — break problem (Bellos and Sakkas, 1987).

Stability conditions

In order to satisfy the numerical stability requirements, the time step has to abide by the
Courant — Friedrichs — Lewy (CFL) criterion (Courant et al., 1967; Sweby, 1984), which is
a necessary but not sufficient condition:

Ax

Al = )
=G maX|U|+c| 37)

where c: celerity of a small flow disturbance, defined by:

c=1fg-g (38)

For a fixed spatial grid, the minimum value of Af satisfying Eq. 37 is determined at the
end of the computation for a given time step. This value is then used as the time increment
for the computation during the next step. In this way the largest possible time increment can
be utilized at each time step. This process required the calibration of three coefficients: the

and Cp: Courant number.

drag coefficient cp and the two Jameson parameters of artificial viscosity & @) and & (4).
Their values are:

¢, =02, % =05, 0" =02

In the developed code a fixed and very small value of A7 has been set at the beginning
of the simulations, verifying during the run that the CFL condition was assured, being
always the Courant number Cg < 0.8.

CONCLUSIONS

Studies of dam — break flow consider, mainly, conditions of clear — water surges.
However, under natural conditions a dam — break flow can generate extensive debris in the
valley downstream of the dam. The presence of such debris may significantly influence
surge height and speed. As a matter of fact debris flow differs from other unconfined flows
in two main respects: the nature of both the flow material and the flow itself. So, achieving
a set of debris flow constitutive equations is a task which has been given particular
attention during the second half of last Century. Most models are based on a rheological
approach, which has the drawback of providing equations that require a large number of
parameters that depend on the vast range of flow regimes that can occur. One alternative is
that of developing and using simple models to focus attention on one salient feature of
debris flow modelling, mainly the dynamic aspect. From this point of view the constitutive
equations must be compatibly incorporated into the conservation equations in order to
obtain a realistic representation of the phenomenon. This problem immediately leads to
experimental studies on debris flow: there is, as yet, relatively scarcity of experimental
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data, the only ones that allow effective verifications of the constitutive models proposed, in
different flow situations and the estimation of the rheological parameters they contain.
Lastly, field studies are probably the most difficult and costly study approach of debris
flows: the difficulties encountered are connected to their considerable complexity and the
difficulty of direct observation.

In this context, the present paper describes the main features and characteristics of a
numerical model suitable to solve the SV equations, modified for including two — phase
debris flow phenomena, and able to assess the depth of the wave and the velocities of both
the liquid and solid phases of no — stratified (mature) flow, following dam — break events.

The model is based on mass and momentum conservation equations for both liquid and
solid phases. The McCormack — Jameson two — step explicit scheme with second order
accuracy was employed for the solution of the equations, written in a conservative — law
form. The technique was applied for determining both the propagation and the profile of a
debris flow wave resulting from the instantaneous and complete collapse of a storage dam.
The actual initial and boundary conditions for the problem considered, i.e. a zero flow
depth at the leading front of the wave, were used in the application of the numerical
technique.

In order to describe stratified (immature) flow, it is necessary to widen the reach of the
model and to take into account mass and momentum conservation equations for each phase
and layer. Momentum conservation equations describe energy exchanges between the two
phases in the same layer and between layers, while mass conservation equations describe
mass exchange between layers. Within this ground, in order to analyse reverse grading
(sorting) it is necessary to analyse the wave propagation process, when the solid phase is
composed of no — homogeneous material. In this case the model should be improved in
order to feature the distribution of the material of different size of the solid phase: larger
size material positioned in the front and in the top of the wave, and finer one in the bottom
and in the tail.

LIST OF SYMBOLS

a, Bagnold experimental constant [ ]

¢ celerity [m/s]

¢+ bed volumetric solid concentration [ ]

¢p drag coefficient [ ]

¢; volumetric concentration of water [ ]

¢, volumetric concentration of solid phase [ ]

¢, maximum concentration of the solid material when packed [ |
dsy mean diameter of granular material [m]

ds spatial step [m]

dt temporal step [s]

f force transmitted by water to a solid particle [N]
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g gravity acceleration [m/s”]

i channel slope [ ]

kr empiric coefficient of Ghilardi model [ ]

g specific flow rate of the subtracted solid material [/s]
s spatial coordinate

¢t temporal coordinate

v; water mean velocity [m/s]

v; solid mean velocity [m/s]

A wetted cross — section area [m’]

B wetted bed width [m]

Cr Courant number [ ]

E erosion/deposition velocity of granular material [m/s]
F interaction force between solid and liquid phases [N]
H depth [m]

J water head loss given by Chézy formula [ ]

O, water discharge [m’/s]

0O, solid phase discharge [1’/s]

R hydraulic radius [m]

S, Archimedes buoyancy [N]

S; bed resistance term [ |

T bottom stress force for solid phase [N]

U characteristic velocity of the mixture [m/s]

V. control volume [m°]

W’ solid phase weight reduced of Archimedes buoyancy [N]
W solid phase weight [N]

o/? Jameson artificial viscosity coefficient [m/s]

o/? Jameson artificial viscosity coefficient [m/s]

S momentum coefficient [ ]

J dynamic friction angle of granular material [°]

¢ static friction angle of granular material [°]

n distance from the channel bottom [m]

A linear concentration [ ]

¥ bed inclination [°]
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10.

11.

¥, equilibrium angle [°]

¥ energy line angle [°]

11, IL, forces on control volume lateral surfaces [N]

p mixture volumetric density [kg/m’]

p, water density [kg/m’]

p, solid phase density [kg/m’]

o generic section width [m]

o’, normal stress along failure surface for solid phase [Pa]

Tiim shear stress in limit equilibrium conditions [Pa]
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ABSTRACT

To predict flood and debris flow dynamics a numerical two phase model,
based on 1D De Saint Venant (SV) equations, was developed.

To validate the model, comparisons have been made between its predictions
and laboratory measurements concerning flows of water and homogeneous
granular mixtures in a uniform geometry flume reproducing dam — break waves.
Agreements between computational and experimental results are considered very
satisfactory for mature (non — stratified) debris flows, which embrace most real
cases. To better predict immature (stratified) flows, the model should be
improved in order to feature, in a more realistic way, the distribution of the
particles of different size within the mixture.

On the whole, the model proposed can easily be extended to channels with
arbitrary cross sections for debris flow routing, as well as for solving different
problems of unsteady flow in open channels by incorporating the appropriate
initial and boundary conditions.

Key words: Debris flow, dam-break, rheological behaviour of the mixtur-
es, two-phase modelling

INTRODUCTION

A thorough understanding of the mechanism triggering and mobilising debris flow
phenomena plays a role of paramount importance for designing suitable prevention and
mitigation measures. Achieving a set of debris flow constitutive equations is a task which
has been given particular attention by the scientific community (Julien and O’Brien, 1985;
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Chen, 1988; Takahashi, 2000). To properly tackle this problem relevant theoretical and
experimental studies have been carried out during the second half of the last century.

In a previous work, Mambretti et al. (2008) developed a 1D two — phase mathematical
model based on De Saint Venant (SV) equations for debris flow phenomenon, using the
McCormack — Jameson integration scheme (McCormack, 1969; Jameson, 1982). Unlike
the so — called quasi — two — phase — models — which use SV equations, together with
erosion / deposition and mass conservation equations for the solid phase, and take into
account mixtures of varying concentrations featuring monotonic velocity profiles that,
generally, do not agree with experimental and field data — the model proposed includes two
mass and momentum balance equations for each phase, along with an interaction force
between the two phases. The latter eases, on one hand, the propagation of the solid phase,
while, on the other hand, plays a friction role with regard to the clear water.

In this paper, the scheme is validated for dam — break problems comparing numerical
results with experimental data. Comparisons are made between both wave depths and front
propagation velocities obtained respectively on the basis of laboratory tests and with
predictions from the numerical model. These comparisons allow the assessment of the
model performance and suggest feasible development of the research.

EXPERIMENTAL RESULTS AND TEST CONDITIONS

To validate the model, comparisons have been made between its predictions and
experimental results carried out in the Hydraulic Laboratory of the Politecnico di Milano.
The tests were performed with flows of water and homogeneous granular mixtures in a
uniform geometry flume reproducing dam- break waves (Larcan et al., 2002; 2006). The
experimental set — up consisted of a loading tank (dimensions 0.5 m x 0.5 m x 0.9 m) with a
downstream wall made of sluice gate, a pneumatic control device and a very short opening
time (0.3 s) (Figure 1).

Figure 1 Experimental set — up.
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The mixture flowed in a 6 m long channel of square section (0.5 m x 0.5 m) and
adjustable slope. To enable camera recordings, one of the flume lateral walls contained
glass windows.

Experimental tests were performed by changing the channel slope, the bottom roughness
(smooth bottom made of galvanised plate or rough bottom covered with an homogeneous
layer of gravel, with dsp = 0.005 m), the solid material characteristics (vedril:

p=1168 k% +, dso = 0.003 m; or gravel: p = 2621 k% s dsy = 0.005 m) and the

volumetric concentration of the mixture.

Recordings were made with a Sony Digital Handcam, model DCR — TRV32 E camera,
which had an acquisition velocity of 25 frames per second, and were electronically
elaborated. Table | reports the full list of the experimental tests performed. Each run was
repeated three times to allow debris flow recordings along three adjacent windows (Bertalli
et al., 2002). In the tests, all parts of each run, which allowed a clear reading of the
mixture’s behaviour in its different phases, were used. As a consequence, the same run
could be used to assess front, body or end of the wave characteristics.

Table 1 Experimental runs list

Loading tank Granular
Channel slope & Channel bottom material Concentration [%]
bottom
employed
3.2° Plane Smooth Vedril 20, 40, 60
Vedril 20, 40, 60
Smooth
. Gravel 20, 40, 60
5° Inclined
Vedril 20, 40, 60
Rough
Gravel 20, 40, 60
Vedril 20, 40, 60
Smooth
) Gravel 20, 40, 60
10° Inclined
Vedril 20, 40, 60
Rough
Gravel 20
Plane Smooth Vedril 20, 40, 60
Vedril 20, 40, 60
Smooth
15° ) Gravel 20, 40, 60
Inclined
Vedril 20, 40, 60
Rough
Gravel 20, 40, 60
Vedril 20, 40, 60
Smooth
. Gravel 20, 40, 60
20° Inclined
Vedril 20, 40, 60
Rough
Gravel 20, 40
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COMPARISONS BETWEEN MODEL PREDICTION AND
EXPERIMENTAL RESULTS

As mentioned, the experiments consisted of creating, in controlled conditions, dam —
break waves of the mixtures, and measuring both the flow depth versus time at different
points of the flume (1.40, 2.00, 3.20 and 4.80 metres downstream of the gate) and the front
wave velocities from the available recordings.

To take into account different behaviours of the flow, the experimental data have been
compared with the predictions of three rheological laws included in the one phase model
(called “Water”, “Fix Bagnold” and “Mobile Bagnold”) and with those of the two phase
model.

Wave depth comparison

Comparisons between experimental and predicted depths are shown in Figures 2a — 2d.
These Figures regard only the tests performed with higher slope (15° and 20°) where the
complete mixing hypothesis seems more reliable. Conversely, for lower channel slopes and
low velocities, immature debris flow are expected (Larcan et al., 2006). Takahashi (1991)
has suggested to distinguish mature and immature debris flow by means of a criterion based
on the hypothesis of equality between the shear velocity and the settling velocities of the
particles. This criterion, that requires the calibration of an empirical expression, is
unsatisfactory, probably due to the fact that the data used for its calibration were taken in
uniform or steady flow. Thus, Larcan et al. (2006) proposed a new criterion based on
mixture velocity and concentration, which shows that in most real cases immature debris
flow is unlikely to happen.

Comparisons show good agreement on the general shape that includes a steep front
immediately followed by the maximum wave height and a decrease in flow depths down to
an asymptotic value reached at the stoppage. It should be noted that the front does not tend
to become diffuse and that the general behaviour of the numerical model seems to be
consistent with the physical problem featured. Only in the tail of the wave, where the code
usually underestimates the mixture depths, mainly in the tests performed with artificially
roughened bottom, the model loses consistency. This must be related to the specific feature
of the model that distributes the granular material uniformly through the wave, whilst in the
experimental flume it is deposited in a non uniform way. Moreover, the erosion / deposition
model has been developed under one phase assumption. In general terms, it should be
underlined that, when the numerical model uses velocity and head loss values of the water
in order to assess the erosion / deposition rate E, predictions are close to experimental
results while, when the code adopts velocity and head loss values equal to an average
between those of the two phases (liquid and solid) the results worsen. This behaviour does
not prove that the model is unsuitable to describe dam — break phenomena of debris flow,
but it shows that it could be difficult to predict precisely the area reached by a given debris
flow even though velocities and wave depths are well represented during the fully
developed flow phase.
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Figure 2 Debris flow wave in some characteristic sections of the experimental
channel. Comparison between mathematical model and experimental results
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Front velocity comparison

Table 2 shows a comparison between the velocities of the front of the wave measured by
the recordings and the velocities predicted by the numerical model. It could be said that,
except for few cases, the match is quite good and the agreement between computed and
experimental results is very satisfactory.

According to Figures 2a — 2d and to Table 2, each flow appears to be divided into a
starting phase, a fully developed flow phase, and a stopping phase.

The initial situation could be described as a static condition — all velocities equal to zero
being the opening of the gate followed by the occurrence of a velocity affecting
progressively all the length of the flume.

At the same time, the maximum wave depth decreases under the effort of gravity. The
main features of the fully developed flow phase are a slow decrease of the maximum flow
depth and a constant velocity for the front propagation, the latter being valid during the
whole starting and fully developed flow phases. The stopping phase is characterised by a
fast decrease of both maximum flow depth and front velocity down to zero. This behaviour,
that features a theoretical dam — break problem determined by a shock wave, is
satisfactorily described by the numerical model.

Table 2 Comparison between measured and predicted velocities.

Experimental Model Error
velocity velocity

[m/s] [m/s] [%]

Conc. 20% 2.50 2.76 9.4

Slope 15° Conc. 40% 2.50 2.59 35
Conc. 60 % 2.50 1.99 -25.0
Conc. 20% 3.33 3.00 -11.0

Slope 20° Conc. 40% 2.50 2.72 8.0

Conc. 60 % 2.14 2.33 8.0

Comparison between different models

To further assess the capability of the model proposed to reproduce debris flow pheno-
mena, comparisons have been made between experimental results and those predicted by
three models: one — phase, quasi two — phase and fully two — phase model (Figures 3a —
3b). The Figures point out clearly that the two — phase model provides a better approxima-
tion of the laboratory data, both in the peak and in the depth of deposited material data.

Figures 4a — 4b show the comparison between water and solid phase velocities obtained
by the two — phase model. The laboratory data are not reported due to the fact that the
experimental set — up does not allow their measurements. It is worth mentioning that in the
tests where gravel is used the numerical model gives water velocities always larger than
that of the solid particles, according to experimental observations. In the tests performed
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with vedril mixtures, instead, liquid and solid phase velocities are very close, confirming
the possibility of using one — phase or a quasi — two — phase model to simulate these proce-
sses. It should also be pointed out that the numerical model proposed predicts water and
solid phase velocities that increase when the solid volume concentration and the channel
roughness decrease and the flume slope increases, in agreement with experimental observa-
tions.

Moreover, the model proposed can easily be extended to channels with arbitrary cross
sections, for debris flow routing, as well as for solving different problems of unsteady flow
in open channels by incorporating the appropriate initial and boundary conditions. The
great advantages of the technique developed are based on the strong shock — capturing
ability of the McCormack — Jameson numerical scheme, as well as on the simplicity of
application of the resulting algorithm when considering 1D debris flow problems.
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Figure 4 Water and solid phase velocities obtained by the numerical model in two
characteristic sections of the channel.

CONCLUSIONS

Studies of dam — break flow consider, mainly, conditions of clear — water surges.
However, under natural conditions a dam — break flow can generate extensive debris in the
valley downstream of the dam. The presence of such debris may significantly influence
surge height and speed. As a matter of fact, debris flows differ from other unconfined flows
in two main respects: the nature of both the flow material and the flow itself. So, achieving
a set of debris flow constitutive equations is a task which has been given particular
attention during the second half of last Century.

A 1D two — phase model has been developed (Mambretti et al., 2008) based on De Saint
Venant (SV) equations for debris flow propagation, using the McCormack — Jameson
integration scheme, able to assess the depth of the wave and the velocities of both the liquid
and solid phases of no — stratified (mature) flow, following dam — break events.

The technique was applied for determining both the propagation and the profile of a
debris flow wave resulting from the instantaneous and complete collapse of a storage dam.
The actual initial and boundary conditions for the problem considered, i.e. a zero flow
depth at the leading front of the wave, were used in the application of the numerical
technique. Different experimental cases of dam — break situations in a square section
channel were considered for the purpose of comparing results.
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Agreements between computational and experimental results regarding both wave front
— advance and stage hydrographs are considered very satisfactory.

In order to describe stratified (immature) flow, it is necessary to widen the reach of the
model and to take into account mass and momentum conservation equations for each phase
and layer. Momentum conservation equations describe energy exchanges between the two
phases in the same layer and between layers, while mass conservation equation describe
mass exchange between layers. Within this ground, in order to analyse reverse grading
(sorting) it is necessary to analyse the wave propagation process, when the solid phase is
composed of no — homogeneous material. In this case the model should be improved in
order to feature the distribution of the material of different size of the solid phase: larger
size material positioned in the front and in the top of the wave, and finer one in the bottom
and in the tail.
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SUMMARY

The runoff estimation is a complex phenomenon and requires lot of para-
meters to asses the reliable values. The selection of a particular method of runoff
estimation depends upon the requirements of the user (accuracy, simplification,
amount of desired information), the problem, the approach (availability of data,
computation facility) and the economics. It is conceivable that a given approach
will seldom satisfy all of these requirements. To establish the relationship
between rainfall and runoff would require space time distribution of rainfall and
infiltration, watershed physiographic characteristics, physical laws including
equation of continuity and momentum as well as friction laws, antecedent
moisture condition, and initial and boundary conditions. However, a major
constraint for runoff estimation from a watershed is scarcity and poor quality of
data related to soil, climate, topography, vegetation and land use and it is the
main limiting factor for development of a runoff model for any catchment.
Therefore, the paucity of data forces one to adopt simple correlation for the
estimation of runoff. Hence, a regression technique has been adopted here to
develop best-fit regional rainfall runoff relationship by making use of observed
weekly rainfall and runoff data from 24th to 37th week for the period from 1971-
1997. The work has been carried out for Soan river catchment falling in Shivalik
hills of subs Himalayas in India. For the estimation of weekly runoff for the Soan
catchment, the straight-line equation was found to be the best-fit equation out of
25 equations tried under the present study. To estimate runoff for the study area,
this single best-fit equation in respect of all the effective monsoon weeks will be a
good tool for field staff/engineers of the Soil and Water Conservation Wing of the
Department of Agriculture.

Key words: rainfall, runoff estimation, Soan catchment, Himalayas, Shivaliks
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INTRODUCTION

The phenomenon of watershed runoff is complex and our understanding of physical
principles and the mathematical formulations governing it is limited. The choice of a
particular method of runoff estimation depends upon the requirements of the user, the
problem, the approach (availability of data and computation facility) and the economics.
One single method will rarely fulfill all the requirements. The present study has been
undertaken on Soan catchment to develop the best-fit regional rainfall-runoff relationship
on weekly basis for the study area falling in Una district of Himachal Pradesh, India with an
area of 1204 km”. It lies in lower Shivaliks in district Una of Himachal Pradesh and falls
between 75° 58 177 E to 76° 23’ 13” E longitude and 31° 17> 30” N to 31° 50’ 10” N
latitude. The catchment is mostly hilly with altitude varying from 340 m at Santokhgarh to
980 m above mean sea level at Chintpurni temple.

The average monsoon (rainy season) and annual rainfall of the study area are 779.8 and
1074.0 mm, respectively with respective values of the standard deviation as 322 and 419
mm. The annual rainfall in study area varied from 491.9 to 1534.6 mm, where as the
monsoon season’s rainfall varied from 261.3 to 1354.4 mm during the period under study.
The weekly average runoff for the study period from 1971-1997 during monsoon months of
July and August varied from 17.2 to 43.4 mm with the lowest value in week No.27 and
highest value in week No.31. About 70per cent of the time the runoff was in the range of 2
to 10 m*/s whereas the runoff more than 200 m*/s occurred only for one percent of the time.
For about 10 percent of the time, the runoff values were in the range of 10-20 m?/s, where
as, very low values of runoff in the range of 0 to 2 m*/s, were noticed in about 7 percent of
the runoff days.

Some research workers in the field of hydrology and soil and water conservation have
also suggested and carefully applied a few empirical methods of runoff estimation viz.,
Rational, Cook’s, Curve Number and Soil Conservation Service method (Varshney, 1979
and Subramanya, 1996). A program was developed by Kolb (1986), which provides a least
square curve fit on x and y data on the basis of 25 equations which computes equation
coefficients, correlation coefficient and best fit equations. An effort has been made here to
insure that accurate results are obtained using this program. Moreover, several research
workers have suggested the regression technique for various Indian and African catchments
for development of runoff models (Rao, 1982; Kothyari and Garde, 1991; Vandeweile et
al., 1992; Onyado and Sharma, 1995). With this in view, the rainfall runoff relationships
for various active weeks have been worked out for the study area using weekly rainfall and
runoff values from 1971-97.

METHODS

The network of data recording in the study area is not very sound as it should have been
for a mountainous catchment. The rainfall data were available for only one meteorological
station in Una district of Himachal Pradesh, India, where as, these should have been
collected from at least 4-5 stations keeping in view the size of the catchment. The short
term and fragmented data for some stations (not maintained by Indian Meteorology
Department) has not been included in this study as it would not have served the purpose.
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Many investigators used annual rainfall for the analysis of aridity, droughts and floo-
ds/runoff, because of its easy availability and simpler computations involved. Monthly
rainfall data were found to be appropriate in analysing the drought conditions with respect
to climatic aridity, agricultural production and stream flow forecasting. However, these are
inadequate to represent soil moisture deficiencies occurring at various stages of crop
growth and water needs over shorter periods. The longer periods equal to one month or
more may miss the probable irrigation intervals though the probability fitting may be
satisfactory where as, too short an interval, i.e., one day brings out so much variation that
probability fitting becomes almost impossible. Moreover, irrigation is hardly planned on
day-to-day basis. Keeping the practical utility of the analysis in mind, the rainfall and
runoff data have been analysed on weekly basis for the area for planning of any water
management system.

Rainfall data

The daily rainfall data of 30 years starting from 1968 to 1997 have been collected from
meteorological observatory of Una district of Himachal Pradesh located at an altitude of
340 m above mean sea level. The data were recorded through non-recording type of rain
gauge. The daily rainfall values of seven days starting from Ist January were added to
transform into weekly rainfall data series for the purpose of frequency analysis. As per the
standard weeks prescribed by Indian Meteorology Department, Pune, the first week was
taken from January 1 — 7 and then onwards up to 52" week (Dec. 25-31). In Himachal
Pradesh, the monsoon normally sets in from 24" week (2" week of June) and the period
continues till 37" week i.e., mid September, when rains recede sufficiently. There is again
dry spell from mid September to November and therefore only 14 weeks (24" to 37™) have
been considered as active weeks for this study. Singh and Bhandari (1998) and Rana and
Thakur (1998) have reported active weeks from 25" to 35" for Solan and Kullu areas of
Himachal Pradesh, respectively.

The weekly rainfall data from 24™ to 37" week for the period 1968 to 1997 of the station
under study (Una Observatory) can be expressed in double subscripted form as ‘r; i’ , i =1,
2,3, ...N, year index and j =1, 2, 3,...52, week index, representing rainfall in the j"" week
of the i™ year. The data may also be represented in the matrix form as shown in Table 1.
Each column of the Table 1 representing the time series for a particular week has been
considered for the data analysis in the present study.

Table 1 Matrix of weekly rainfall

ryp o..Ty23 2 Typo2s ... T3 Tp37 s ...Ty s

o1 ...T223 o224 T2025 ... T236 TI237 rp38 ...T2 5
A=

I'np -2 TN 23 I'Nn24 INj2s -- TN36 TN, 37 I'n3g - .. TN, 52

Dry weeks Active weeks Dry weeks
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Runoff data

The daily runoff data recorded at Santokhgarh bridge on the Soan river for the period
1971 to 1997 were collected from the office of Senior Hydrologist of Government of
Himachal Pradesh, Flood Control Division, Department of Irrigation and Public Health and
Office of the Bhakra Beas Management Board. The runoff was being measured by float
method considering five segments of the river bed width. The velocity of each segment was
determined by float for a run of 30m and multiplied by the corresponding cross sectional
area to determine runoff rate for that particular segment. The runoff rates of different
segments were then added to know the total runoff of the river. The total runoff volume per
day was calculated by multiplying runoff rate with time of run. The depth of daily runoff
was determined by dividing the volume of runoff per day with catchment area of Soan i.e.,
1204 km®. The daily data of seven days starting from January 1 were added to transform
into weekly runoff data time series. The weekly runoff data may be represented in double
subscripted form as, ‘q i, , i=1, 2,3, ...N, year index and j =1, 2, 3,...52, week index.
That is, ‘q i, ;” represents runoff in the j™ week of the i year.

To develop week wise best-fit rainfall runoff relationship for the study area, twenty-five
equations as suggested by Kolb (1986) have been tried for all the active weekly series under
this study (Table 2).

Table 2 Different regression equations applied for rainfall-runoff modeling

Name of the equation Equation Equation No.
Straight line y=a+bx )]
Line through origin y= bx @)

1 3)
Reciprocal straight line y=
a+bx
c “
Line and reciprocal y=a+ bx+—
X
b ®)
Hyperbola y=a+ —
X
X (6)
Reciprocal hyperbola y=
ax+b
b ¢ @
Second order hyperbola y=a+—+ —
X X
Parabola y=a+bx+cx> ®
Parabola at origin y=ax+ bx? )
Power y=ax" (10)
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Name of the equation Equation Equation No.
Modified power y=ab* )
Root y:bl/x (12)
Super geometrical y=ax bx (13)
Modified geometrical y=aXx b/x (14
Exponential y=a e DX (15)
Modified exponential y=a eb/ X (16)
Logarithmic y=a+ Inx 17

1 (18)
Reciprocal logarithmic =0
a+blnx
Hoerlic function y=ab® x°© (19)
Modified Hoerlic —a bl/x x© (20)
function y
Normal y:ae(("_b)/z) (21)
22
Lognormal y=a e(111 X= b)2/2 22)
Beta y=axb (I—X)C (23)
Gamma y:a(x/b)° e(x/®) (24)
1 (25
Cauchy Y=
a(x+b)? +c

The coefficient of correlation was considered as the criterion to decide the best-fit
relation as suggested by various researchers (Chow, 1964; Varshney, 1979; Bras, 1990;
Goel et al., 1995; Subramanya, 1996). However, in order to determine a single best fit
equation in respect of all the effective monsoon weeks, an attempt was made to fit all the 25
equations as stated above to the recorded weekly rainfall and runoff data of all the weeks
from 1971-97 in a series. The best fit relationship for the study area was also tried
considering the total rainfall and runoff values for the entire monsoon period of each year
during the years from 1971-97. Based upon the criteria of coefficient of correlation, the
single best fit relationship was suggested for the study area with a view to provide a useful
tool for estimation of runoff by field staff/engineers working in that area.

RESULTS AND DISCUSSION

To estimate runoff for the purpose of storage in water harvesting reservoirs, the regional
rainfall-runoff relationships for various weeks have been developed using weekly values
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from 1971-97. As already explained, the twenty five equations suggested by Kolb (1986)
were tried for each week of effective monsoon period (24" to 37" week) under the study
and the thus obtained best fit relationships between recorded weekly values of rainfall and
runoff during 1971 to 1997 are presented from equations (26) to (39) in Table 3 for
different weeks.

Table 3 Best fit rainfall-runoff relationships for various weeks

Weekly

. Best fit Relationship ‘r’ value Equation number
series
1
24 = 0.68 26
4 .76 —017 x (26)
25 y=0374+052Inx 0.62 (27)
26 y=677 (1.04)° x~03 0.75 (28)
27 1=044x078 0.92 (29)
28 3=190+0.17x +0.0004x> 0.98 (30)
29 y=-150+035x 0.96 (3D
30 y=654 +037x 0.85 (32)
31 1=0.95x084 0.92 (33)
32 y=1318 (1.01)* 0.87 (34
33 y=730+021x 0.89 (35)
34 —* 0.80 36
0.03x + 192 ' (36)
1
35 —_— 0.93 37
252 —0.08x G
36 L 0.89 38
1.88 —0.06 x ' %)
. x
37 0.04x+092 096 )

From the above Table, it can be seen that coefficient of correlation values for the respe-
ctive best fit equations varied from a minimum of 0.62 to the maximum of 0.98 for diff-
erent monsoon weeks. The poor correlation coefficient values of best fit equations for the
beginning weeks (24 to 26) are indicative of disproportionate, possibly on the lower side,
generation of runoff during these weeks. For rest of the weeks, the respective best fit
equations have resulted correlation coefficient values above 0.85 barring 34" week.
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The best-fit relationship was also established considering the total rainfall and runoff
observed for the entire monsoon period of each year during the years from 1971 to 97,
which is as follows.

y=54.5+0.36x (r=0.66) (40)
Where,
x = Total observed rainfall (mm) during monsoon season
y = Total estimated runoff (mm) during monsoon season

Hadda and Kukal (1991) have recommended the value of correlation coefficient as 0.77
based upon analysis of rainfall and runoff data and this value of coefficient of correlation
can be used for appropriate estimation of runoff water and designing soil and water
conservation structures needed in catchment area. It can be seen that the parabolic equation
for the 28™ week has yielded the maximum correlation coefficient of 0.98 (Table 4).
Although, the parabolic form of relationship did not prove the best fit relationship for other
weekly series, still it was verified for all the weeks with a view to establish its applicability
for the study area. The thus resulted parabolic equations for all the weekly series of rainfall
and runoff and the respective correlation coefficients are presented in Table 4.

Table 4 Best fit parabolic relationships of rainfall-runoff for various weeks

V::r‘:l;y Best fit Relationship V;{;e ]fl‘lll‘;?:)‘:r“
24 y=—189+043x —0.004x> 0.45 @1)
25 1=130+0.02x —0.0007x> 0.50 42)
26 1=5.64-016x +0.005x> 0.65 @3)
27 y=—123+033x—0.0007x> 081 (44)
28 3=190+0.17x +0.0004x> 0.98 (45)
29 y=—1104+0.34x 0.96 (46)
30 3=6.58+0.23x +0.0009x> 0.84 @7)
31 y=—498+081x—0.002x> 0.87 48)
32 y=14.55+0.19x +0.0004x> 0.71 49)
33 $=378+0.36x —0.0004x> 0.8 (50)
34 =046+ 0.40x —0.0020x> 0.71 1)
35 y=514+034x +0.0002x> 0.92 (52)
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Wee'kly Best fit Relationship ' Equation

series value number
36 =589 +0.17x +0.0004 x> 0.85 (53)
37 y=4.45+037x+0.0007x> 0.80 (54)

It is clear from the Table that this particular form of the equation also does not fit well
for the beginning weeks (24™ to 26™) as the correlation coefficient values (0.45 to 0.65) are
in an unacceptable range. However, for the rest of the weeks, barring 32" and 34", the
parabolic equations fit well resulting correlation coefficient values more than 0.77.

In order to determine a single general equation for runoff estimation in respect of all the
weeks for the study area, an attempt was made to establish a best fit equation among all the
25 forms of equations by considering recorded weekly rainfall and runoff data of all the
active monsoon weeks from 1971-97 in series, that is 378 values of each variable. The
straight line equation with correlation coefficient as 0.75 has been found as the best fit
equation for estimation of runoff for the study area which is given below.

y=0.74 +0.30 x (r=0.75) (55)
Where,
x = Observed weekly rainfall, mm
y = Estimated weekly runoff, mm

Although, the resulting correlation coefficient value is little less than 0.77 as suggested
by Hadda and Kukal (1991), yet this relationship may be accepted for runoff estimation in
the study area so that the computational complexities arising due to use of individual
relationship for an individual monsoon week may be avoided or minimised. In addition,
this single best fit relationship for the entire active monsoon period will be a good tool for
runoff estimation in the hands of field engineers/staff of soil and water conservation wing
of the Government of Himachal Pradesh. Thus, this single best fit relationship i.e., Eq. (55)
has been adopted for estimation of runoff in respect of different active monsoon weeks
considered under the present study.

As a principle, the design capacity of water harvesting structure is normally decided on
the basis of the expected value of peak runoff for the anticipated life of the structure. The
peak value is determined from the past records. But, in practice especially in hills, it may
not be possible to harvest the total generated runoff from a catchment due to topographical,
social, environmental and economical reasons. A number of researchers (Gupta et al., 1975;
Verma, 1987 and Shrivastava et al., 1998) therefore, have suggested the probability
approach and considered the runoff available at 60 to 70 per cent probability as the design
capacity for designing the water harvesting structures. In the present study, since the
rainfall data was arranged in descending order for probability analysis of rainfall and
frequent intense storms occur in hills, the probability of occurrence of intense storm is low
i.e., normally less than 60 percent probability level. Secondly, for beginning and ending
monsoon weeks (No. 24, 25, 36 and 37), no rainfall was received at probability level of
more than 50 per cent. In view of the above, the rainfall at 50 per cent probability level has
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been considered for estimating runoff for working out the design capacity of water harve-
sting structures. Thus, the weekly rainfall values at fifty per cent probability level, estima-
ted by the best fit incomplete Gamma distribution function, have been used for estimating
runoff for different weeks using the rainfall- runoff relationship as given by the Eq. (55).
The thus obtained week wise runoff values are shown in Table 5. It can be observed from
the Table that the total estimated runoff for the entire monsoon period at 50 per cent
probability level of rainfall is 178.5 mm. A similar figure of 197.9 mm was estimated
employing SCS curve number method by Verma (1987) for nearby region of Garhshankar
in district Hoshiarpur of Punjab state.

Table 5 Estimated runoff using single best fit rainfall-runoff relationship.

Week

24 25 26 27 28 29 30 31 32 33 34 35 36 37 Total
number

Estimated
rainfall 6.7 10.2 31.2 39.5 60.7 453 51.5 69.8 652 58.6 48.3 30.2 29.4 13.5 560.1
(mm)

Estimated
runoff 2.8 3.8 10.1 12.6 19.0 143 162 21.7 203 183 152 9.8 9.6 4.8 1785
(mm)

CONCLUSIONS

Out of 25 equations tried for establishing rainfall-runoff relationships, the straight line
equation was found to be the best fit equation for the estimation of weekly runoff for the
Soan catchment. Field staff/engineers of the Soil and Water Conservation Wing of the
Department of Agriculture will find this as a good tool for the estimation of runoff. The
total estimated runoff from the Soan catchment for the entire active monsoon season at 50
per cent probability level was 180 mm for the purpose of the water management planning.
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ABSTRACT

This paper provides the synthesis of a long lasting research of mobile raining
irrigation systems in crop and vegetable production. The research included three
types of mobile self-propelled rain guns and one linear representing both
broadcasting and covering concepts. The paper is aimed at determining
exploitation parameters and yielding effects in cropping. Field testing and
exploitation monitoring in adequate seasonal use provided the indicators of
energy consumption, productivity and work quality.

The productivity of self-propelled rain guns ranged from 0.11 to 0.20 ha/h
with energy consumption from 104 to 150.20 kWh/ha. The linear productivity
ranged between 2.0 and 2.6 ha/h with energy consumption of 45.73 kWh/ha.

Extremely significant yield increase was recorded in greenbeans, maize (corn,
popcorn, sweet corn) and seed maize production in comparison with dry cropp-
ing alternative.

Key words: drought, water, self - propelled rain guns, linear, energy consum-
ption, productivity, fuel consumption.

INTRODUCTION

Intensive plant production is not possible without irrigation. It is becoming a primary
determining factor of this production, as much important as some unsolved problems from
fields of soil tillage and chemical treating of crops. In 1975, 16,60 % of the entire world
agricultural soils was irrigated. Also, 30 - 40 % of world food production was realized from
these soils.

The amount of irrigated soils is increasing by annual rate of 10 million ha on average,
which means the total of 500 million ha under irrigation until 2000.

Percentage of irrigated surfaces in our country is constantly about 2 %. Increasing of this
amount is one of the most important conditions for intensification of plant production.
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The method of overpressure irrigation is dominant in our plant production, and most
frequently is realized as raining irrigation. A large number of technical solutions is adapted
to various production conditions. Criteria for optimal choice means interaction of natural,
agrotechnical, technological, technical and material factors.

MATERIAL AND METHOD

Field research included exploitation monitoring aimed at determining the following
parameters

systems productivity
fuel consumption
quality of operation - raining norm achievement

irrigation effects on the growing plant yields.

The following concrete measurements were performed:

fuel consumption by the “full tank” method

water residue height by rainmeter dimensions 300 x 300 mm designed at the
Institute of Agricultural Technics, Faculty of Agriculture in Zemun,

moving speed on a 30 m path,

standard field wheel sliding.

The research and testing were performed at the two localities:

Experimental irrigation field of the Institute for Maize Production in Zemun Polje in
the period of May-August 1997. Three mobile types of a self-propelled raining gun
were tested.

Production fields of the PKB-Beograd in the season 2006, in the period of June-July.
Self-propelled linear device was tested.

RESULTS AND DISCUSSION

The research was based upon the testing of three mobile self-propelled raining guns and
one linear device as the representatives of both emission and covering irrigation concepts.
The soil type in the field in Zemun Polje was carbonate free chernozem with maize hybrids
ZP-599, ZP-670, ZP-677, ZP-678, ZP-704. The PKB location was characterized by two soil
types such as chernozem with the signs of gley and meadow black soil on loessial bank
with green beans, silage maize and seed maize.

The irrigated fields were characterized by uneven relief and rectangular shape. Technical
characteristics of the self-propelled raining gun are shown in Table 1.
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Table 1 Characteristics of the irrigation system

Type of device A-82/300-T B-75/320-T C-75/310-T1
Producer MZT-Skopje MZT-Skopje BAUER-A
Sprinkler Rain bird SR 103 EM Star gun SR 35
Mass (kg) 1730 1690 1220

Width (m) 2.20 2.20 1.89
Length (m) 3.30 3.50 4.41
Height (m) 2.90 2.90 2.59
Hose diameter (mm) 82 75 75
Hose length (m) 300 320 280

The system was designed in conformity with the particular characteristics of the
irrigation device (Table 1) and the water source.

Basic technical characteristics of the linear device:

- Aggregate type “Sever-Valmont” - 15 kW with Diesel engine “TAM” of 110.4 kW,
- Pump flow 120 I/s,

- Manometer pressure 2,2 bar,

- Device moves lineary along the open water canal,

- Two winged device, length 2x500 m.

The nozzle diameter with the self-propelled raining gun was chosen in conformity with
the characteristics of both the whole system and its particular components.

The basic exploitation parameters of the applied irrigation systems are shown in Table 2.

Table 2 Exploitation parameters

Alternative Working Range Performance Effective Water Energy
scope (m)  (m) (ha/pr.) work (h) consumption consumption
(m?) (kWh/pr.)
A-1 59 29.50 1.88 13.09 377.00 196.40
A-T1 68 34.00 2.20 11.13 440.60 289.40
B-1 55 27.50 1.86 16.37 371.20 245.60
B-1I 60 30.00 2.04 12.73 408.00 331.00
C-1I 62 31.00 1.87 10.80 373.20 280.80

Table 3 shows exploitation parameters obtained on the III source and in simultaneous
work.
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Table 3 Exploitation parameters on the III pump aggregate

Alternative Working scope Range Perform. Effective Water Perform. Energy
(m) (m) (ha/pr.) work (ha/p) consumption  (ha/t)  consumption
(m?) (kWh)
A 65 32.50 2.10 12.26 419.20 2.10 453.60
B 57 28.50 1.93 12.76 385.80 1.85 -
A 65 32.50 2.10 12.26 419.20 1.92 415.90
C 60 30.00 1.80 11.24 360.00 1.80 415.90
B 57 28.50 1.93 12.76 385.80 1.64 402.20
C 60 30.00 1.80 10.87 360.00 1.80 402.20

Working productivity and energy consumption shown in Table 4 are based upon the

obtained exploitation parameters.

The analysis of exploitation parameters is based upon water consumption of 200 m’/ha.
The increase in raining norm for each 10 mm resulted in the time increase from 2.55 to 4.41
h/ha. The increase in the raining norm from 20 mm to 30 mm reduced system productivity

by approximately 33%. Analog energy increase was recorded as well.

Table 4 Working productivity and energy consumption of the tested alternatives

Albernative Consumption Norm change
h/ha ha/h kWh/ha per 10 mm h/ha
A-1 6.94 0.144 104.50 +3.47
A-1I 5.05 0.198 131.50 +2.53
B-1 8.82 0.113 132.00 +4.41
B-1I 6.24 0.160 162.20 +3.12
C-1I 5.79 0.173 150.20 +2.89
A-1II 5.85 0.171 114.80 +2.92
B-1II 6.61 0.101 - +3.31
A-TII 5.85 0.171 111.80 +2.92
C-11 6.24 0.160 111.80 +3.12
B-1II 6.61 0.101 116.90 +3.31
C-1I 6.04 0.166 116.90 +3.01

The obtained hybrid yields in the conditions of dry planting and irrigation are shown in

Table 5.
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Table 5 Maize yields in particular growing conditions (t/ha)

Hybrid Dry planting  Irrigation  Increase (%)
ZP 599 7.08 13.78 94.60
ZP 651 7.57 13.34 76.20
ZP 670 6.97 13.82 98.30
ZP 677 7.39 14.33 93.90
ZP 678 7.50 14.16 88.80
ZP 704 7.82 15.16 93.90
983
100 94.6 3.9 93.9
oo OzP 599 8.
0OZP 651
80 0OZP 670 -4
OzP 677
70 OzP 678
60 OzP 704
% (t) 50
40+
30
20 13.7813.3413.8214.3314.1615.16
10—//#
0 d 1
Dry planting Irrigation Increase (%)

Graph 1 Comparation of obtained yields in conditions of dry planting and irrigation

The increase in yields in the interaction with the hybrid ranged from 76.20% (ZP 651) to
98.30% (ZP 670), as shown in Graph. 1.

Exploitation testing of the linear raining device in the “PKB ” field was performed by
measuring the above mentioned factors shown below both tabelary and graphically.
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Table 6 Fuel consumption

Measurements  Fuel consumption per working hour (I/h)  Fuel consumption per hectare (I/ha)

Mean value 21,44 9,10

According to the results of the research, fuel consumption per engine working hour is
slightly higher than the producer's value (18-20 1/h) and rated 21 1/h or 9,1 1/ha, on
average. The reason for this minimal increase could be higher slippage (average value 18

%).
Table 7 shows the value of the provided water residue.

Table 7 Water residue value (mm)

Position 1 tower 3 tower 5 tower 7 tower 9 tower

Mean value 12,41 15,72 13,82 23,20 15,80

According to the results, the value of realized precipitation varied in the range from
12.41 to 23.20 mm. As the procentual programmator was set AT 30, the expected
precipitation value was 14.78 mm, according to the manual instructions. The reason for this
disagreement is inadequate maintaining, i.e. the sprinkler diameter is not adequate,
considering the pressure drop caused by distance between the towers and the pump station.

Theoretical speed values, achieved speed values and wheel sliding values are shown in
Table 8 with the note that the percentual programmator was adjusted to 30%.

Table 8 Theoretical and actual speeds

Da Theoretical Actual Slippage  Productivity = Energy consump-tion
Y speed (m/h) speed (m/h) (%) (ha/h) (kWh/ha)

Mean value 30 24.54 18.2 2.45 45.37

According to the results, slippage rated over 15 %, which caused energy consumption.
increase. Higher slippage was caused by precipitation that was higher then predicted.

The irrigation effects on the obtained yields are quite significant which is obvious from
the obtained high yields of the grown crops. This provides the intensification of agricultural
production and created conditions for two annual harvests.

Table 9 shows the yields of the grown cultivars obtained with and without irrigation.
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Table 9 Irrigation effects on maize yields in the raining field

Yield (t/ha)
Plant 1995. 1996. 1997.
Non irrigated Irrigated Non irrigated Irrigated Non irrigated — Irrigated
greanbean 4,1 8,0 4.8 8,2 4.5 9,0
silage maize 25,8 32,5 20,0 28,0 26,5 334
seed maize 2,7 4,0 1,5 3,1 29 5,1
35
O greanbean
30 Osilage maize
Oseed maize

Yield (t/ha)

5 ‘F —
c 1 1 1 1 1

non irig. 1995  irigated 1995 non irig. 1996 irigated 1996  non irig. 1997 irigated 1997

Graf 2 Yields of grown plants obtained with and without irrigation

The obtained results lead to the conclusion that significantly higher yields were obtained
in irrigation conditions thus justifying (Graf. 2) the application of the tested irrigation
systems combined with proper work organization and rational utilization.

CONCLUSION
The basic precondition for the optimum utilization of the irrigation systems is the
coordination of system parameters.

For this purpose, nozzle diameter, pressure and water flow parameters are defined for
each particular source and type of device.

Work productivity and energy consumption in effective time depend upon the raining
quantity per single throughput.

Productivity of a linear was 2,3 up to 2,8 ha/h. Energy consumption of tested irrigation
systems was 125,3 kWh/ha for self-propelled raining gun and for linear 45,37 kWh/ha.
Difference was very significant (36,21 %) and ilustrates benefits of the linear system.
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Linear raining irrigation devices are up-to-date devices for intensive raining which
require expert and efficient manpower in both the field of handling and in the field of
designing the programmes of their utilization.

The extremely significant increase in yield is provided by the use of irrigation (it varies
from crop to crop) thus justifying the investments in particular irrigation systems.
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SUMMARY

An automatic precision irrigation control system for cotton field is presented
in this paper, which consists of host computer, slave computer controller,
different kinds of sensors, valve controller, communication module, and system
software. The system can collect and monitor field environmental parameters
such as soil moisture, soil temperature, atmosphere temperature, field evaporat-
ion amount and precipitation etc. By combining field environmental parameters
with mathematical model, the irrigation time and irrigation quantity for cotton
filed can be predicted. The different irrigation strategy can be adopted
automatically according to the water-required rules of different cotton growing
periods. This system had been used in the cotton field for precision irrigation in
Langfang experimental farm of Soil and Fertilizer Institute, Chinese Academy of
Agricultural Sciences from 2005 to 2006. Under the same environmental
condition, the automatic irrigation system has higher cotton yield and uses less
water quantity than the manual irrigation system. The results show that the
automatic precision irrigation control system for cotton field can reduce
irrigation cost and improve cotton yield.

Key words: Precision Irrigation, Sensor, Automatic Control, Cotton Field

INTRODUCTION

Field environmental parameter collection is one of the critical problems in precision
agriculture (Zhao et al., 2002). Once the field environmental parameters are collected
precisely on real time, agronomic recommendations are available and correct strategy can
be executed in time (Zhang et al., 2002). In the past, field environmental information, such
as soil water content and field evaporation amount, was obtained by sampling in field and
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analyzing in lab. This method wastes much time and energy, and it cannot get real-time
data. Computer measurement system can obtain all kinds of field real-time data
automatically by using different kinds of sensors, so that the production efficiency can be
improved greatly (Sun et al., 2006). In order to realize precision farm application, such as
precision irrigation, computer control system should also be adopted besides computer
measurement system (Yang et al., 2006; Xin et al., 2005).

A computer automatic measurement and control system for cotton field precision
irrigation is developed in this paper. This system consists of host computer, slave computer
controller, different kinds of sensors, valve controller, communication module, and system
software. Field environmental parameters, such as soil moisture, soil temperature,
atmosphere temperature, field evaporation amount and precipitation etc, can be collected
and monitored by the system. By analyzing these environmental data with mathematical
model, the irrigation time and irrigation quantity for cotton field can be determined.
Therefore the system can adopt different irrigation strategy automatically according to the
water-required rules of different cotton growing periods. This system had been used for the
cotton field precision irrigation in Langfang experimental farm of Soil and Fertilizer
Institute, Chinese Academy of Agricultural Sciences from 2005 to 2006. The results show
that the automatic precision irrigation control system can save water and improve
production efficiency greatly.

COMPONENTS OF AUTOMATIC PRECISION IRRIGATION SYSTEM

The automatic precision irrigation control system consists of hardware components and
system software combined with irrigation control algorithm.

Hardware Components

Hardware components include host computer, slave computer controller, communication
module, different kinds of sensors and electromagnetic valve.

By cooperating with management software, the main functions of host computer in the
control center are to process data, monitor the system operation, and control the system de-
vices properly. Because the control center room is far away from the field, communication
transfer by cable is not economic and convenient. Therefore the communication between
host computer in the control center and slave computer controller in the field is realized by
SRWEF-105 wireless communication module. SRWF-105 module provides two serial-
communication interfaces, i.e. COMI1 is UART interface of TTL voltage and COM?2 is
standard RS-232/RS-485 interface. The module is used to realize remote communication
within 2K meters between slave computer controller and host computer.

Micro-controller-unit SPCEO61A is used as the core of slave computer controller. The
slave computer controller consists of micro-controller-unit, extended memory, LCD
displayer, keyboard, and RS-485 interface. The main functions of slave computer controller
include collecting data, storing data, processing data, transmitting data, displaying data, and
turning on/off the electromagnetic valves.

Different kinds of sensors and electromagnetic valves are linked to slave computer cont-
roller by RS-485 interfaces. The sensors include twenty soil water sensors, one atmosphere
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temperature sensor, one soil temperature sensor, one field evaporation sensor, and one
precipitation sensor. Field bus technique is adopted to collect the field environmental para-
meters such as soil moisture, soil temperature, atmosphere temperature, field evaporation
amount and precipitation precisely on real time. Furthermore, the system controls the
turning on/off of electromagnetic valves according to control algorithm to realize saving
water irrigation automatically.

host computer

1
/, wireless communication

v

slave computer controller

RS - 485 field bus

atmosphere soil field precipitation soil valve
temperature | |temperature| [evaporation sensor water and
sensor sensor sensor sensor controller

Figurel Automatic irrigation control system structure

System Software and Irrigation Control Algorithm

Host computer monitor software is programmed by Visual Basic language. Slave comp-
uter control software is developed by C language and Assembly language. The system can
operate under host computer monitoring or under only slave computer control without host
computer monitoring. Host computer monitor software consists of data collection module,
data processing module, communication module, and management module.

According to different water demand in different cotton growth stages and cotton expert
database, and combining with field environmental parameters, mathematical model for
cotton irrigation is developed. The maximum and minimum thresholds of soil water
contents under different conditions are preset. When soil water content is detected to be
lower than the minimum threshold, electromagnetic valve is turned on automatically. While
soil water content is detected to be higher than the maximum threshold, electromagnetic
valve is turned off automatically. This control algorithm is simple and reliable.

RESULTS AND DISCUSSION
Irrigation Scheme Implement

The experiment was conducted in Langfang experimental farm (39.4N.116.4E) of Soil
and Fertilizer Institute, Chinese Academy of Agricultural Sciences from 2005 to 2006. The
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soil is loam soil and soil properties were listed as follows: Total-N 0.103%, Available-P 22
mg/kg, Available-K 205mg/kg, and SOM (Soil Organic Matter) 1.23%. The selected cotton
cultivar was mid matured cultivar Jimian25. Planting density was 52500 plants per hectare.
Jimian25 was sown on 20th April. 200 kg/ha fertilizers N and 100 kg/ha P205 were
supplied for all treatments. Fertilizer N was applied twice during the growing season: 60%
of total fertilizer N was applied as foundational fertilizer before sowing and 40% of total
fertilizer N was applied at flowering stage. Other management measures were the same as
normal high-yield management for the field cotton. Soil water sensors were installed in 0-
20cm and 20-40cm deep of cotton root in each plot. Besides twenty-channel soil water
sensors, the system also included one atmosphere temperature sensor, one soil temperature
sensor, one field evaporation sensor, and one precipitation sensor to get field environmental
parameters. The interval for collecting environmental parameters was set to be thirty
minutes. With all these parameters, soil water content thresholds were set by host computer
to control ten-channel valves to implement different irrigation strategies for different plots.
According to the water-required rules of different cotton growth periods, the different
irrigation strategy can be adopted automatically. In normal agronomic years, furrow
irrigation is commonly set to be four times with relative small irrigation quantity during
cotton bud and square period (from late April to June), irrigation is usually set to be four to
five times with mass irrigation quantity during cotton flower and boll period (from July to
August), and irrigation is set to be three to four times with small irrigation quantity during
cotton boll opening period (from September to October). Irrigation time and quantity can be
adjusted based on the current environmental conditions.

Results and Discussion

The lint yields of four plots in 2006 are listed in table 1.

Table I The cotton yield comparison between automatic control and manual irrigation

Number of plot Density (10*ha™) Lint yield(kg-ha™) Irrigation manner
1 5.25 1426.63 manual control
2 5.25 1206.78 manual control
3 5.25 1731.67 automatic control
4 5.25 1804.85 automatic control

Irrigation in plot 3 and 4 was controlled by the automatic precision irrigation system.
The automatic control system integrated the field environmental conditions and the water-
required rules of different cotton growing periods into the irrigation control algorithm. The
results indicate that the cotton yields are much higher in plots that adopt automatic control
irrigation than in plots that adopt manual control irrigation. Furthermore, the automatic
irrigation system uses less water quantity than the manual irrigation system. About
95m3-ha-1 water is saved every time. The saving water quantity reaches 30% of total
quantity in manual irrigation manner.
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CONCLUSIONS

The precision irrigation control technique is critical for precision farming (Sun et al.,
2005). The automatic precision irrigation control system studied in this paper, which
combines automatic control technique and irrigation technique, can realize remote wireless
control. Different irrigation strategy can be adopted automatically according to the
environmental conditions and the water-required rules of different cotton growing periods.
The experiments indicate that the control system can reduce irrigation cost, save water, save
labor force, and improve cotton yield greatly. Therefore it has promising potential in
precision agricultural applications. Further work is planned to integrate fertilizer-required
rules of different cotton growth periods into the mathematical model, and then develop a
precision irrigation and fertilization system (Liu et al., 2006).
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SUMMARY

Wide application of diesels as field engines and growth of oil-products prices
compel researchers to develop the scientific-technical suggestions to modernize
diesels and improve their operation parameters. First, the ecological and power-
economic parameters as the general ones.

More effective use of a fuel-air charge of a tractor diesel is considerable
reserve to improve the general diesel parameters. In this paper the influence of
the relative volume of the recessed piston combustion chamber (CC) on the
general diesel parameters was studied.

The relative volume of the CC is the relation V./V,, there V., — the volume of
the CC, V,, — the total volume of the in-cylinder space in the position of the piston
in a Top Dead Centre (TDC).

The description of the own technical suggestion accordingly to this technical
direction to improve the general parameters of the diesel D65N and the research
results are given.

Too, the technical solution which excludes “dead volumes” below intake and
exhaust valves of a tractor diesel are suggested.

Key words: diesel, technical suggestions, increase of relative volume of a
recessed piston combustion chamber, improvement of diesel parameters

INTRODUCTION

Effective use of a fuel-air charge in a tractor diesel with the recessed piston CC is a
considerable reserve to improve the ecological and power-economic parameters of the
diesel engines. A number of publications are devoted to this problem. This paper is based
on the publications [1, 2, 3].
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There are the authors affirm that the value of the relative volume of the recessed piston
CC has the significant influence on the operation process of the diesel and on its general
parameters. In this case, the relative volume of the CC is defined as the relation V,/Vy,
there V¢, — the volume of the CC, V,, — the total volume of the in-cylinder space in the
position of the piston in TDC.

Usually, the alteration of the relative volume of the CC is accompanied by the negative
alterations of the design and regime parameters of the diesel. Then the effect from the
innovation is the result of the combined action of the positive and negative factors.

The purpose of the publishing paper is to analyse the known technical information about
the effectiveness of the said technical direction to improve the general diesel parameters, to
publish the results of the own experimental studies on this theme and to give the technical
suggestion on the further development of this direction.

METHODS

The experimentally obtained dependences of the influence of the value of the relative
volume of the recessed piston CC on the general parameters of the diesel D -240 are given
in the PhD thesis [1]. The experiment was carried out with the step-by-step deepening the
CC without the alteration of the design of the narrow throat of the CC. The dependences
were obtained during the experimental studies at the Production Corporation "Minsk Motor
Plant ". The tendencies which were established by the author Dr Ch.Drobyshevskiy, they
can be considered as the principally existing at the present time also.

The physical phenomenon of the process which takes place under the alteration of the
relative volume of the CC consists of the following.

Under the position of the piston in TDC during the beginning of the combustion stroke
the diesel fuel effectively burns only: in the volume of the recessed piston CC and in the
part of the volume of the clearance between the piston and the cylinder head if this volume
part is above the CC.

The remaining parts of the volume of the in-cylinder space (the position is examined
when the piston is in TDC) do not ensure the effective combustion. There is the "damping"
of the flame and the formation of the toxic products of the incomplete combustion of the
fuel in these volumes.

The mentioned volumes, the “dead” volumes, of the ineffective combustion of the diesel
are:

o the volume part of the clearance between the piston and the cylinder head, which are
not situated above the CC;

e the ring volume, formed by the inner surface of the cylinder bore and the external
surface of the piston head, the said ring volume begins from the piston top until the
first compression ring.

The widely known technical solutions to increase the relative volume of the CC are
following. For example, an installation of a teflon ring above a metal of a wet cylinder
sleeve as the sealing of the joint "cylinder — head of cylinder block". This technical solution
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is used at the diesels of the Production Corparation “Minsk Motor Plant". This teflon ring,
in one of its functions, fills the annular volume above the cylinder sleeve, excluding the
penetration of the fuel-air charge into the annular volume. Correspondingly, it excludes the
ineffective combustion of the fuel-air mixture in the said annular volume.

Another technical solution widely used by many motor-building companies is replacing
an upper compression ring maximally closely to a fire surface of a piston head. This
technical solution decreases an annular volume, a dead volume, around the piston above the
said ring.

The own research experience of the author of this paper confirms the considerable
effectiveness of the realization of the idea to increase the relative volume of a recessed
piston CC of a tractor diesel.

In this case the perspective for the design works in this direction should be estimated. At
the present time there are two trends in the development of the designs of the recessed
piston CC of tractor diesels.

The first tendency assumes the "disclosure" of the CC. In this case, the advantages are:
the lower heat tenses in the edges of the CC, the exclusion of the formation of the thermal-
fatigue cracks and the decrease crumbling off the CC edges, the decrease of the heat losses
into the piston body and the decrease of the temperatures of the piston group. The energy of
fuel-air mixing in this case is determined mainly by the energy of the fuel injection. This
tendency is supported by the application of the fuel injection systems with the high pressure
of the injection, for example, the systems of the type Common Rail.

In accordance with the another tendency the producers of tractor diesels continue to use
the recessed piston CC, which have the narrow throat.

Such CC due to the effective use of the energy of the compressed fuel-air charge and
turbulizing action of the throat edges of the CC - improve fuel-air mixing and ensure the
more complete combustion of the fuel. L.e., in this case, the energy of mixing is the amount
of the fuel injection energy and the kinetic energy of the air charge being displaced into the
CC under piston moving to TDC for the compression stroke.

To use the turbulizing action of the edges of the narrow throat of the CC and to exclude
overheating the edges, either the intensive cooling of the pistons or the two-piece pistons
with the upper steel parts and the aluminum piston skirts are applied, usually.

Obviously that the diesels having the CC designs in accordance with the first trend of the
development have the less volumes of the ineffective combustion and their negative
influence on the fuel combustion decreases.

In the diesels having the CC with the narrow throat, in accordance with the second trend,
the negative influence of the volumes of the ineffective combustion is more considerable
because of their larger value.

In accordance with the request of the Rybinsk Diesel Plant the author of this paper
jointly with Dr Ch.Drobyshevskiy proposed and experimentally evaluated the technical
suggestion to improve the power- economic and ecological parameters of the diesel D65N
by increasing the relative volume of the recessed piston CC.

It was suggested to apply the piston with the deeper recessed piston CC.
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In this case we should expect that the decrease the ratio of compression will make the
power-economic diesel parameters worse. On another side, applying the deeper CC
increases the relation volume of the CC and improves the fuel combustion.

The resultant action of these two factors was determined by the experimental motor
studies.

The experimental studies were carried out at the engines laboratory of the Belarussian
State Agrarian Technical University. B-type diesel D65N of the production of the Rybinsk
Diesel Plant has four cylinders, in-line, dimension S/D=130/110, direct injection, liquid
cooling, the nominal engine speed 1750 rpm.

The experiment motor studies were conducted in accordance with the State Standard No.
18509-88 “Tractor and combine diesel engines. Methods of bench tests”.

The diesel was mounted at the brake stand and in the two series of experiment was
alternately completed by the pistons of the model 240-1004021A, by the nominal volume
of the CC 60.0 cm’ (the regular assembly) and by the pistons of the model 245-1004021, by
the nominal volume of the CC 64.5 cm’, being used for the diesels with the pressure
charging of the production of the Production Corporation "Minsk Motor Plant".

Before the motor experiment the measurement of the clearances above the pistons in the
all cylinders of the diesel were carried out by the method of the lead "witnesses". Also, the
measurement of the under-valve volumes of the head of the cylinder block was carried out.
The head of the cylinder block was removed from the engine for this purpose.

Furthermore, under the installation of the nonstandard pistons of the model 245-1004021
by the method of the lead "witnesses" the initial clearances above the pistons were
determined, and by the selection of the gaskets practically the equal clearances in the diesel
of the regular and experimental completions were mounted. The difference of the
clearances above the piston did not exceed 0.04 mm. Thus, the average in-cylinder volume
above the pistons was experimentally determined. The average annular volume between the
piston and the cylinder was calculated.

The calculation according to the obtained data indicated that the application of the
nonstandard pistons with the deeper CC reduced the ratio of compression of the diesel from
17.2 to 16.2. In this case, the relative volume of the CC increased from 0.788 to 0.800.

Before the experiment study the diesel in the experimental completion passed the motor
running-in during 10 hours.

The power curves and the series of the load characteristics were got. The effectiveness of
the technical solution was examined by the comparative estimation, firstly, of the parameter
of the specific effective fuel consumption in the zone of the diesel operation, which is close
to the nominal engine regime, Fig. 1.

The analysis of the load characteristic, Fig. 1, shows that the specific effective fuel
consumption in the zone of the nominal regime was improved, not less than by 8,0
g/(kWh). The temperature of the waste gases in this case was reduced by 40 °C. This proves
the authenticity of the previous affirmation about the improvement of the diesel efficiency.
The brake power increased by 0,35 kW. It is interesting that the air excess ratio increased
by 0.05. Probably, it is explained by the reduction in the temperature of the piston head and by
the improvement of the air admission of the diesel in this case.
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Fig. 1 The load characteristic of the diesel D65N under the speed engine
n = 1750 rpm = const:
____-theregular diesel completion; - the experimental diesel completion.

Since, the improvement of the diesel efficiency in this case was reached due to the more
complete combustion of the fuel the improvement of the diesel ecological parameters also
can be expected. The quantitative evaluation of the ecological diesel parameters was not
conducted because of the absence of the instrumentation of the necessary technical level at
the laboratory.

The successful studies of the technical solution led up the authors to the following
technical idea, which is capable to increase the relative volume of the recessed piston CC
and to improve the general diesel parameters.

The following became the prerequisite to this proposal.

It is known that in the diesels, especially, with the pressure charging it is necessary to
have the "valve overlap" to ensure the blowing-out of the CC and to cool its details and the
inter-valve wall. In this case for moving the piston through the TDC position and for the

75



V. Borovikov

exception of its encounter with the valves the two types of the special technical solutions
are applied.

Or in the pistons the turnings are carried out which correspond to the diameters of the
valves and in the depth correspond to the penetration of the valves inside the cylinders
during the blowing-out.

Or the seats of the valves are executed with the under-valve volumes, so that the valves
being opened during the blowing-out do not fall outside the surface of the fire bottom of the
head of the cylinder block.

Thus, the piston moves through the TDC position during the blowing-out and does not
“meet” with the valves.

In the both cases, these technical solutions make the diesel operation process worse. In
the first case, the development of fuel-air mixing became worse. In the second case, the
already been described under-valve volumes of the ineffective fuel combustion are created,
Fig. 2.

Exhaust valve Intake vahie

Dead wolume Dread vaolume

77777

Fig. 2 The valve seats with the “dead volumes”.

To exclude these defects of the diesel design the technical solution was suggested. It is
suggested to realize the "double lift" of the intake valves. This technical solution was
defended with the patent of Russia.

The variant of the process of the “double lift” of the intake valve is shown in Figs.3, 4.

76



Improvement of general parameters of tractor diesel by more effective use of fuel-air charge

-

Fig. 3 The scheme of the interaction of the proposed camshaft and the pusher:
1 — the camshaft; 2 — the first intake cam; 3 — the second intake cam; 4 — the pusher.

The “double lift” of the intake valve and closing the exhaust valve in TDC allows to
exclude the “dead volumes” which are below the valves or in the piston head. At the same
time the first intake cam 2, Fig. 3, ensures the blowing-out of the CC.

Before TDC (in Fig.3 the point A corresponds to TDC) the both valves are open. In TDC
the intake valve and the exhaust valve are closed, after this state the intake valve is opened
again and the air admission is begun. Then, the “dead volumes” can be excluded, as it is
shown in Fig. 4.

' 7
/4 Y

'/ 5

Fig. 4 The valve seats without the “dead volumes™:
1 — the exhaust valve; 2 — the intake valve; 3 — the piston.
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In the Fig. 3 the mechanical way is shown to realize the technical suggestion, but the
mechatronics valve drive can be realized more successfully.

The technical and economic effect of the described technical suggestion can be
approximately evaluated. The average value of the under-valve volumes of the intake and
exhaust valves in the one cylinder of the diesel D65N was 4.25 cm’. With the application of
the said technical suggestion and the exception of these volumes, the relative volume of the
CC grows from 0.788 to 0.834. In this case the ratio of compression will increase too and
will be 18.2 instead 17.2.

Analysing the dependences given in the publications [1, 2, 3] and the own experimental
studies, it is possible to suppose that the specific effective fuel consumption in the zone of
the nominal regime can be lowered by 20...25 g/(kWh) for the diesel D65N.

It is possible that the increased dynamics of the operation of the traditional mechanical
valve drive will be the negative feature of the application of this technical solution. In this
case, the application of the mechatronics valve drive can be the effective way to realize this
innovation.

CONCLUSIONS

An increase of a relative volume of a recessed piston CC of a tractor diesel is a conside-
rable reserve of an improvement of power-economic and ecological parameters of a tractor
diesel.

An effectiveness of an application of technical suggestions in this direction depends on
design of a recessed piston CC.

The experimental studies of the application of the deeper recessed piston CC at the diesel
D65N indicated that the specific effective fuel consumption in the zone of the nominal
diesel regime was improved by 8 g/(kWh).

Additionally these technical solutions reduce the temperatures of the piston groups and
the inter-valve walls. Together, these features must lead to the improvement of the
reliability and the increase of the durability of the tractor diesels.

REFERENCES

1. Drobyshevskiy Ch. (1975). The study of the operation process of the high-speed tractor diesel D -
240 with the combustion chamber of the type TSNIDI, situated in the piston. PhD thesis. Minsk.

2. Rozhanskiy V., Drobyshevskiy Ch. (1980). The some ways to improve the parameters of the
high-speed tractor diesel D -240. Autotractorbuilding. Theory and design of mobile machines. Iss.
15: 149-153.

3. Volodin V., Davidkov B. (1970). The some possibilities of the improvement of the parameters of
the diesels with the combustion chamber, situated in the piston. Tractors and agricultural
machinery 12: 12-15.

78



SIMPOZI1J

UDK
AKTUALNI 631.372:665.3
ZADACI Pregledni rad
MEHANIZACIJE H
POLJOPRIVREDE Review papet

MOGUCNOST UPORABE BILJNOG ULJA ZA POGON
TRAKTORA I DRUGIH VOZILA

VIKTOR JEJCIC!, TOMAZ POJE?, TONE GODESA?

"Kmetijski institut Slovenije, Oddelek za kmetijsko tehniko,
Hacquetova 17, SI - 1000 Ljubljana, viktor.jejcic@kis.si

SAZETAK

Uporaba biljnog ulja za energetske svrhe na dieselskim motorima traktora,
teretnih vozila, komunalnih vozila, radnih strojeva, kogeneracijskih jedinica za
proizvodnju elektricne i toplotne energije itd. predstavija opciju za sadasnju
uporabu mineralnog dieselskog goriva. Uporaba biljnog ulja ne nepreuredenim
dieselskim motorima nije moguca jer moze prouzrociti teska ostecenja motora.
Da postignemo kompletan proces izgaranja u dieselskom motoru biljno ulje mora
biti rasprseno jednako kvalitetno kao i mineralno dieselsko gorivo. Za postizanje
toga viskoznost biljnog ulja mora odgovarati viskoznosti mineralnog dieselskog
goriva. Viskoznost biljnog ulja vrlo je ovisna o temperaturi: c¢im je visa
temperatura biljnog ulja tim je niZa njegova viskoznosti. Grijanje biljnog ulja
smanjuje njegovu viskoznost i sprjecava mogucnost ostecenja visokotlacne crpke
za ustrcavanje goriva (veliko trenje izmedu radnih elemenata crpke pri visokoj
viskoznosti ulja uzrokuje velike radne otpore, koji su stetni za razlicite dijelove
crpke). Grijanje biljnog ulja takoder smanjuje mogucnost ostecenja brizgaljki i
klipnih prstena zbog nekompletnog izgaranja koje se pojavijuje kod goriva visoke
viskoznosti. Za potrebe istrazivanja na Kmetijskom institutu Slovenije — Odjel za
poljoprivrednu tehniku, preuredili smo motor traktora AGT 835 tako da moze
raditi na biljno ulje.

Kljucne rijeci: biljno ulje, bio-gorivo, traktor, vozila

UvOoD

Ugljicni dioksid koji nastaje kod izgaranja biomase ne pridonosi opterec¢ivanju okolisa sa
plinovima koji stvaraju efekt staklenika. Biomasa koja nastaje u poljoprivredi upotrebljava
se kao izvor hrane za ljude i zZivotinje, za preradu u razlicite sirovine za odjecu i druge
proizvode te goriva a dio se u obliku organskih otpadaka vraca neposredno u tlo. Pored
tvrdih 1 tekuéih produkata biomase postoje i tekuca goriva iz biomase odnosno biogoriva.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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Biogoriva se mogu upotrebljavati kao nadomjestak ili dodatak gorivima koja imaju
porijeklo iz nafte, za upotrebu u transportu i razli¢itim podruc¢jima ljudskih aktivnosti. Od
tekudih goriva iz biomase najznacajnija biogoriva su trenutno: bioetanol, biometanol, biljno
ulje 1 biodiesel. U zadnjem razdoblju pored biodiesela za pogon dieselskih motora razli¢itih
vozila i radnih strojeva, sve veéi znacaj dobiva i biljno ulje koje se moze u rafiniranom ili
nerafiniranom obliku upotrijebiti za pogon preradenih dieselskih motora. Energetska upora-
ba biljnog ulja u motorima (dieselski motori na radnim strojevima, traktorima, teretnim
vozilima, komunalnim vozilima, kogeneratorskim jedinicama za proizvodnju elektri¢ne i
toplotne energije itn.) je aktualna opcija za sadas$nja fosilna goriva (dieselsko gorivo
mineralnog porijekla). Biljno ulje kao energent postaje sve viSe zanimljivo zbog stalnog
rasta cijena fosilnih goriva i problema sa ocuvanjem okoline sa kojima se sve vise susrece
Covjecanstvo. Vrlo vazno je da je biljno ulje iz biljaka za proizvodnju ulja dostizno prakti-
¢no u cijeloj Evropi. Sjeverni dijelovi Evrope prikladniji su za proizvodnju uljane repice a
juzni za proizvodnju suncokreta, soje itn. U drugim dijelovima svijeta upotrebljava se za
proizvodnju ulja palma, jatropa itn. Na svijetu postoji vise od 4000 biljnih vrsta Riva et all
(2) iz kojih se moze proizvoditi biljno ulje. Biljna ulja predstavljaju dio uskladistene
suncane energije pomocu prirodnih procesa koji se odvijaju u samoj biljci.

Ulje za spomenutu upotrebu moze se proizvoditi mehanickim procesom ekstrakcije —
presanja ili industrijskim na¢inom — ekstrakcijom pomocu topiva. Proces proizvodnje ulja
presanjem ne iziskuje sloZene strojeve u usporedbi sa industrijskim procesom proizvodnje
ulja ekstrakcijom sa topivima. Znacajna odlika mehanickog procesa preSanja je da su
potrebni niski utrosci energije te da nije potrebna upotreba kemikalija za ekstrakciju
(ekolosko sporno). Strojevi za mehanicko presanje ulja djeluju kontinuirano i ne iziskuju
posebnog dodatnog angaziranja radne snage kod samog rada. Na podrucju biogoriva u
zadnje vrijeme u Sloveniji se dogadaju velike promjene kao posljedica aktivnosti glede
potrebe za odredenim stupnjem samoopskrbe energijom, o¢uvanja okoline i uklju¢ivanja
poljodjelstva u proizvodne procese za biogoriva. U sklopu strateSkog cilja Slovenije za
povecanje stupnja samoopskrbe energijom poljodjelstvo moze odigrati znac¢ajnu ulogu na
podrucju alternativnih izvora energije osobito kod biogoriva na osnovu ulja iz uljane repice.
Promjenom zakona o troSarini u prosincu 2003, biogoriva su bila opredijeljena kao
pogonska goriva sa trosarinom 0 %. Slijede¢i korak prema poticanju upotrijebe biogoriva
bio je ureden sa prijenosom Direktive EU o promociji uporabe biogoriva i drugih obnov-
ljivih goriva za promet, koja ¢lanice stimulira ka povecanju udjela biogoriva u ukupnoj
uporabi goriva za transport na 5,75 % do kraja 2010. U pravilniku je odredena minimalna
godisnja prosje¢na koli¢ina biogoriva u svim gorivima koja su dana u promet na podru¢ju
Slovenije u promet za pogon motornih vozila i to 2007 godine najmanje 2 %, 2008 godine
najmanje 3 %, 2009 godine najmanje 4 % 1 2010 godine najmanje 5 %. Osiguranje
minimalnih sadrzaja biogoriva je i obaveza distributera motornih goriva.

RAZVOJ DIESELSKIH MOTORA POGONJENIH BILJNIM ULJEM

Dieselski motor dobio je ime po svojem izumitelju (Rudolf Diesel, 1858 — 1913), koji je
motor razvio 1892 godine.

Osnovna zamisao Diesela bila je da bi za pogon motor upotrijebio prah iz ugljena koji je
bio raspoloziv u velikim koli¢inama. Pokusi sa prahom iz ugljena na njegovom motoru nisu
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se pokazali kao osobito uspjesni, zato je Diesel poceo isprobavati i druga tekuca goriva. Za
pokuse je upotrijebio razliCite frakcije nafte i razlicita biljna ulja. Kao zanimljivost
potrebno je spomenuti da je Diesel predstavio ve¢ 1900 godine na svjetskoj izlozbi u Parizu
motor koji je za pogon koristio ulje iz kikirikija. Ideja za to je dosla od francuske vlade koja
je trazila moguénost za proizvodnju goriva u njihovim africkim kolonijama Mitelbach et all
(1). Angazirali su samog Diesela koji je poceo eksperimentirati sa njegovim motorom koji
je kao gorivo uporabljao razli¢ita biljna ulja. Diesel je 1911 izjavio »Moj motor moze
uporabiti razli¢ita biljna ulja §to moze znacajno doprinjeti razvoju poljoprivrede«. Godine
1912 izjavio je vizionarske rijeci » Uporaba biljnih ulja za pogon strojeva se trenutno ¢ini
beznacajnom ali spomenuta ulja u buduénosti biti ¢e jednako znacajna kao nafta i ugljen u
danasnje vrijeme«. I druge evropske drzave su slijedile primjeru Francuske, npr.: Belgija,
Italija, Njemacka i Velika Britanija. U razdoblju izmedu dva svjetska rata kada su naftni
derivati bili jeftini, interes za biljno ulje kao energent ponovno je pao na minimum
Mitelbach et all (1). Ponovno se je interes za to gorivo poveéao u vrijeme drugog svjetskog
rata zbog nestaSice naftnih derivata. Nakon drugog svjetskog rata interes ponovno padne
prakti¢no na nulu i probudi se u pocetku sedamdesetih godina proslog stolje¢a nakon prve
naftne krize. Pored spomenutog problema naftne krize, znanstvenici su poceli javnost sve
viSe upozoravati na negativne posljedice globalnog zagrijavanja zbog sve veée uporabe
fosilnih goriva za razli¢ite aktivnosti ¢ovjeanstva. Dodatno su se u razvijenim drzavama
Evrope poceli pojavljivati veliki suficiti hrane tako da je bilo potrebno pronaéi dodatne
poticaje za poljodjelstvo. Rjesenje se je pojavilo u obliku davno zaboravljenog biljnog ulja
iz razli¢itih uljarica, za pogon dieselskih motora. Svjedoci smo da su se vizionarske rijeci
oca dieselskog motora ostvarile i da su biljna ulja za energetske svrhe konacno pocela
dobivati na veéem znacenju krajem dvadesetog i pocetkom dvadeset i prvog stoljeca.
Zanimljivo je spomenuti da je Njemacka kao vodeca velesila na podrucju proizvodnje i
uporabe biodiesela, vodeca i na podruéju uporabe biljnog ulja za pogon dieselskih motora.
U godini 2006 uporabila je 628 492 t biljnog ulja za pogon dieselskih motora na razli¢itim
vozilima i za stacionarnu uporabu (kogeneracija elektri¢ne i toplinske energije).

Pionir na podru¢ju prerade dieselskih motora na biljno ulje u novije vrijeme bilo je nje-
macko poduzece Elsbett koje je na pocetku sedamdesetih godina proslog stoljec¢a ponudilo
njemackom trzistu prvi motor koji je bio prilagoden za uporabu biljnog ulja. Motor je imao
poseban oblik komore za izgaranje (sferi¢ni oblik) u samom klipu, posebne visokotlacne
brizgaljke za u$trcavanje goriva koje su gorivo ustrcale u sam centar komore u klipu,
zagrijavanje biljnog ulja zbog smanjivanja njegove viskoznosti itd. Poduzece je takve
motore ugradivalo u razli¢ita motorna vozila. Problem je bila visoka cijena motora tako da
u razdoblju relativno jeftinih naftnih derivata nije bilo veceg interesa za njihovu primjenu.
Poduzece je tehnologiju za proizvodnju motora prodalo u Kinu. Danas su u Elsbett-u
aktivni sa proizvodnjom posebnih kompleta za preradu postojeéih dieselskih motora na
osobnim i teretnim vozilima, gradevinskim strojevima, traktorima itd. Pored spomenutog
Elsbett-a u Njemackoj danas postoji jo§ nekoliko desetaka poduzeca koja se bave sa
spomenutim poslom. Sli¢na poduzeca pojavila su se i u drugim evropskim drzavama i u
SAD. Proizvodacdi su ustanovili da je potrebno pristupiti preradi postojeéeg motora jer je to
najjeftinije rjeSenje za uporabnika odnosno omogucava da odmah zapo¢nemo upotrebljavati
alternativni energent. Biljno ulje je jeftinije od mineralnoga dieselskog goriva (nema troSa-
rine na biljno ulje) u EU. Npr. za teretna vozila prerada se u Njemackoj isplati ve¢ nakon
50000 prevozenih kilometara. U Sloveniji se je time pocelo prvo baviti poduze¢e Hocem iz
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Logatca. Zajedno sa poduze¢em Agromehanika iz Kranja i Kmetijskim Institutom Slove-
nije — Odjelom za poljoprivrednu tehniku predstavili su traktor AGT 835, koji ima sistem
za upotrebu biljnog ulja (sistem sa dva rezervoara goriva).

ENERGETSKE PREDNOSTI BILJINOG ULJA KAO ENERGENTA

e diverzifikacija i poveéanje mogucih alternativa za goriva za proizvodnju termalne snage

e tekuce gorivo visoke energetske vrijednosti koje se moze proizvoditi jednostavnim pos-
tupkom mehanicke ekstrakcije iz sjemena uljarica (presanje sjemena uljarica sa preSama
za uljarice)

¢ tehnologija za proizvodnju ulja postupkom mehanicke ekstrakcije je cjenovno dostupna
Sirem krugu uporabnika

e mala potrosnja energije za proizvodnju ¢istog biljnog ulja iz sjemena uljarica (niza
potrosnja energije u usporedbi sa proizvodnjom biodiesela ili bioetanola)

e dostupno na obiteljskim gospodarstvima koja proizvode uljanu repicu ili druge uljarice i
bave se postupkom hladnog presanja ulja

e cijena biljnog ulja je zanimljiva (cijena se krece od 0,65 — 0,8 EUR/l u EU)

e kod decentralizirane proizvodnje ulja za energetske svrhe postupkom hladnog ili toplog
presanja sjemena uljarica, nastaje kao sporedni produkt krma za prehranu zivotinja
(uljana sa¢ma odnosno peleti)

e nizi transportni troskovi goriva zbog lokalne proizvodnje

EKOLOSKE PREDNOSTI BILJINOG ULJA KAO ENERGENTA

e obnovljivi izvor energije
e zatvoreni krug CO,
e bio razgradljivo (u tri tjedna razgradi se 99 % u slucaju razlivanja po tlu)

¢ nije toksi¢no (nema opasnosti udisanja toksicnih ili karcinogenih plinova kod izgaranja,
nema opasnosti u doticaju s kozom)

e minimalno zagadivanje okoline u slucaju razlivanja kod transporta i manipulacije
(razred 0 glede zagadivanja vode)

e smanjene emisije plinova koji tvore efekt staklenika CO,, CO, PAH, ugljikovodika itd.,
kod izgaranja u dieselskim motorima

e nema emisija sumpora

e emisija ¢vrstih dijelova, kod izgaranja smanjene su 50 — 70 % u usporedbi sa mineral-
nim dieselskim gorivom

e potpuno izgaranje zbog vece koli¢ine O, u gorivu (nema crnog dima iz ispusne cijevi
kod preopterecenja motora)
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ne hlapi u zrak kao mineralna goriva
jednostavna proizvodnja (nema kemijskog procesiranja)

teSko upaljivo (sigurno kod manipulacije, transporta i skladiStenja zbog visoke
temperature paljenja)

gorivo se transportira lokalno a ne iz udaljenih dijelova svijeta, posljedicno manje
zagadivanje okoline zbog kracih transportnih putova goriva

GOSPODARSKE PREDNOSTI BILJNOG ULJA KAO ENERGENTA

uklju¢ivanje poljodjelstva u lanac opskrbljivaca energijom

postrani proizvod ulja upotrebljava se za prehranu zivotinja (manja ovisnost od uvoza
krme iz inozemstva), ve¢a ponuda krme na domacem trziStu znaci i posljedi¢no nize
cijene hrane (mesa)

otvaranje novih radnih mjesta u poljodjelstvu i preradivackoj industriji

nova rjeSenja na podrucju dieselskih motora i njihove nove izvedbe za pogon na biljna
ulja predstavljaju moguénost za otvaranje novih radnih mjesta u industriji i drugim
djelatnostima

POLJODJELSKE PREDNOSTI DECENTRALIZIRANE PROIZVODNJE
ULJARICA ZA ENERGETSKE SVRHE
postrani produkt koji se upotrebljava za prehranu Zivotinja ili kao energent
iskoriStavanje zemljista koja se zara§¢éuju za proizvodnju uljane repice

mogucnost proizvodnje uljane repice na zemljiStima koja moraju obavezno mirovati
(trenutno u poljodjelskoj politici EU ali ne zna se da li ¢e ta mogucnost biti na snazi i u
buduénosti)

subvencije za energetske usjeve u EU (uljana repica, suncokret itd.)
uljana repica vazna je za plodored

visoka hranjiva vrijednost uljane saéme iz sjemena uljane repice (u sacmi je kod
postupka hladnog presanja 10 — 17 % ulja)

KVALITETA BILJNOG ULJA

Za razliku od biodieselskog goriva za koje postoji standard u EU, biljno ulje jo§ uvijek

nema standarda kao gorivo. Na poticaj nekih institucija i proizvodacéa iz EU pripremljen je
prijedlog standarda za biljno ulje iz uljane repice namijenjeno za energetske svrhe.
Kvalitetno biljno ulje za pogon dieselskih motora mora imati ¢im nizi sadrzaj fosfora (pod
10 mg/kg) i ¢vrstih dijelova (necistoéa). Fosfor je prisutan u obliku fosfornih lipida. Veca
koli¢ina fosfora poveéava mogucnost oksidacije ulja te mogucnost vezivanja vode te kao
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posljedica toga i vece koli¢ine vode u ulju. Prevelika koli¢ina fosfora u biljnom ulju i
biodieselu iz biljnog ulja negativno utjee na proces izgaranja u motoru (stvaranje taloga u
prostoru za izgaranje u motoru). Rezultati pokusa izvrSeni u Njemackoj pokazali su da
koli¢ina fosfora u ulju dobivenom postupkom hladnog presanja kreée se pod 10 mg/kg ulja
(dodatna prednost koja govori u korist decentralizirane proizvodnje ulja). Kod hladnog
presanja vecina fosfora koji se nalazi u sjemenu prelazi u uljanu sa¢mu. To je velika
prednost postupka hladnog presanja u usporedbi sa industrijskim postupkom gdje se visoka
koli¢ina fosfora u ulju mora snizavati rafiniranjem koje ima visoku cijenu. Na smanjivanje
koli¢ine fosfora kod preSanja mozemo utjecati tako da upotrijebimo ¢im nizi broj okretaja
dijela za preSanje na presi te nekoliko viSu temperaturu sjemena koje presamo.

Tablica 1 Karakteristike mineralnog dieselskog goriva, ulja iz uljane repice i metilnog
estera uljane repice (biodiesela)

Jedinica mjere Mineralno Ulje iz uljne Metilni ester uljne
dieselsko gorivo repice repice (biodiesel)
Ogrjevna Ml/kg 42,4 37,6 37,2
vrijednost
Gustoca kod 20° C kg/dm3 0,83 0,91 0,88
Ogrjevna
vrijednost MJ/dm® 352 34,2 32,7
(volumna)
Viskoznost kod 2
200 C mm-/s 5 70 7,2
Tocka paljenja °C > 55 > 220 > 100

POGON DIESELSKIH MOTORA BILJNIM ULJEM

Za pogon dieselskih motora mozZemo uporabiti biodiesel kojega dobivamo sa postupkom
esterifikacije razlicitih biljnih ulja (u postupku esterifikacije biljnom ulju se dodaje metanol
ili etanol uz prisutnost katalizatora, u EU se za postupak esterifikacije najvise upotrebljava
ulje dobiveno mehanickom ekstrakcijom uljne repice ili suncokreta) ili biljno ulje. U prvom
slu¢aju nisu potrebne nikakve posebne preinake dieselskih motora a u drugom slucaju
potrebno je preraditi sistem za dobavu goriva na dieselskim motorima.

Sve pozitivne karakteristike biljnih ulja za energetske svrhe iskoristili su vodeci evropski
proizvodaci motora i traktora. Od 2007 u serijskoj ponudi tvornice Deutz-Motoren je
dieselski motor namijenjen za uporabu biljnog ulja. Njihove motore poceli su ugradivati u
traktore proizvodaci Fendt i Same-Deutz. Fendtov koncept traktora koji za pogonsko gorivo
uporablja biljno ulje bio je razvijen s proizvoda¢em motora Deutz a bazira na sistemu dva
rezervoara koji su povezani sa elektromagnetnim ventilom za usmjeravanje goriva iz
jednoga ili drugoga rezervoara. Zapremina rezervoara za biljno ulje iznosi 340 1, manji
rezervoar za mineralno dieselsko gorivo ima zapreminu 80 1. Zapremina oba rezervoara je
predvidena za 80 % djelovanje na biljno ulje odnosno znaci da je motor namijenjen za sva
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vozila koja najviSe vremena djeluju sa visokim optereenjem motora. Motor se prvo
pokrene dieselskim gorivom i zagrije na radnu temperaturu. Automatski preklop na ulje
nastupi kada je ulje pred grijano na 70 °C pomocu zagrijane vode iz motornog hladnjaka ili
kad izlazna snaga motora postigne 25 % maksimalnog optereéenja motora za vise od 30
sekundi. Kada spomenuti uvjeti nisu postignuti sistem automatsko preklopi na mineralno
dieselsko gorivo. Vodovi i ventil kroz koje je protjecalo biljno ulje prociste se mineralnim
dieselskim gorivom. Taj postupak traje nekoliko sekundi te sprijeci ulazak biljnog ulja u
mineralno dieselsko gorivo. Kada uporabnik gasi motor mora preklopiti ru¢no na mineralno
dieselsko gorivo (postoji mogucnost da to izvr$i i automatski sistem kod gaSenja motora.
Uporabnik moze na terminalu u svakom trenutku vidjeti koje gorivo je u trenutnoj upotrebi.

Za stacionarne svrhe MAN (4) je razvio sisteme sa dieselskim motorom i elektri¢nim
generatorom namijenjene za kogeneraciju elektri¢ne i toplinske energije iz biljnih ulja,
otpadnih jestivih ulja i Zivotinjskih masti. Nekoliko velikih sistema za kogeneraciju
elektri¢ne i toplotne energije ve¢ radi u Belgiji i Njemackoj a u planu su i nova postrojenja.
Npr. jedan sistem, koji radi ima nazivnu elektri¢nu snagu 85 MW a u pripremi su i veéi
sistemi. MAN zagovara i upotrebu velikih dieselskih motora na biljno ulje, koji su
namijenjeni za pogon lokomotiva i brodova. Pored MAN-a na tom podru¢ju aktivno je i
poduzece SISU koje ima stacionarne aplikacije a u pripremi su i traktori Valmet koji ¢e biti
opremljeni sa SISU motorima koji koriste biljno ulje. SISU isto tako prou¢ava moguénost
razvoja »hibridnog« motora koji bi mogao raditi na mineralno dieselesko gorivo, biodiesel,
biljno ulje te bioetanol. U Sloveniji se je pojavila domaca Agromehanika sa traktorima
snage od 35 — 50 KM na biljno ulje a postoji i desetak automobila koje su pojedinci
preradili tako da mogu raditi na biljno ulje.

POGON DRUGIH MOTORA I STROJEVA

Biljno ulje moze se upotrijebiti i za pogon razli¢itih varijanti Stirlingovih motora. U tom
slucaju gorivo kontinuirano izgara u posebnom gorioniku izvan motora. Stirlingov motor se
upotrebljava u stacionarnim jedinicama za kogeneraciju elektricne i1 toplotne energije.
Manje je osjetljiv na kvalitetu goriva zbog neprekidnog vanjskog izgaranja goriva (gorivo
sli¢no izgara kao gorivo u plinskim turbinama). Od 20 — 80 % suviska zraka u mjesavini i
neprekidno izgaranje bez hladenja plamena osiguravaju skoro potpuno izgaranje goriva. U
ispusnom plinu je vrlo malo dima a zagadivanje ispusnim plinovima je minimalno.
Potrosnja goriva je ekonomicna i moze se usporediti sa dieselskim motorima sa direktnim
vrste goriva jer nemaju posebnih zahtjeva glede cetanskog ili oktanskog broja (zato je
biljno ulje vrlo znacajan energent za Stirling motore). Motor nije bucan tako da prigusivaé
nije potreban, prouzrokuje samo 25 % buke motora sa kompresijskim paljenjem. Ventili 1
mehanizam za upravljanje ventila nisu potrebni $to znaci jo§ manji nivo buke. Iskoristenje
je barem takovo kao kod dieselskih motora.

Pokusi se vrSe i sa posebnim mikroturbinama (npr. ameri¢ka turbina Capstone C 30
snage 30 kW). Mikroturbine imaju niZe emisije ispusnih plinova, nize akusticke emisije,
dalji interval rada, lak$u integraciju u sisteme grijanja zbog konstantnog nivoa temperature.
Posto nemaju dijelova, koji se taru (npr. klipovi kod motora sa unutra$njim izgaranjem)
djeluje turbina skoro bez trenja. Rade jednakomjerno bez tresnje, mogu upotrebljavati
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zagadivanje okoline minimalno a intervali potrebni za odrzavanje vrlo su dugacki. Mikro
turbine su vrlo prikladne i za podrucja gdje je potrebno ocuvati podzemne vode jer
mikroturbina Capstone C 30 ima posebne leZajeve koji ne trebaju podmazivanja te hladenja
ulja a gorivo je bio razgradljivo. Mogu se uporabiti i za osjetljivo direktno susenje npr.
razli¢itih sjemena zbog neotrovnih ispusnih plinova.

Gorionici na biljno ulje namijenjeni za suSenje poljodjelskih proizvoda, pripremu
sanitarne vode, grijanje itn., opremljeni su posebnim dijelom za pred grijanje ulja zbog
smanjivanja njegove viskoznosti. Dovodne cijevi imaju nesto veéi promjer §to znaci
mogucnost veceg protoka ulja koje je vise viskozno.

KAKAYV MORA BITI DIESELSKI MOTOR ZA POGON NA BILJNO ULJE

Neki korisnici kao i znanstvenici probali su po uzoru samoga Diesela upotrebljavati
biljno ulje direktno na motorima koji nisu bili prilagodeni za to gorivo. Na starijim
izvedbama dieselskih motora posebno onima sa indirektnim usStrcavanjem goriva (motori sa
pretkomorom) i linijskim klipnim izvedbama visokotla¢nih crpki za gorivo, u pocetnim
fazama upotrebe nisu opazili nekih posebnih problema. Medutim nakon duze upotrebe
takvih motora poceli su se pojavljivati veci problemi. Rezultati istrazivanja su pokazali da
su 1 najjednostavnije i robusne izvedbe spomenutih motora otkazale negdje iza 500 sati
rada. Problemi, koji bili evidentirani odnosili su se na: zalepljivanje filtra za gorivo,
stvaranje obloga u komori za izgaranje, stvaranju obloga na visokotlatnim brizgaljkama,
ostecenim klipnim prstenima itd. Postavilo se je pitanje zasSto je do toga doslo? Odgovor
lezi u konstrukciji danasnjih dieselskih motora te samom gorivu. Razvoj suvremenih
dieselskih motora bio je usmjeren zbog odli¢ne dostupnosti mineralnoga dieselskog goriva
do sada logi¢no u smjer tih goriva. Biljna ulja imaju karakteristike izgaranja vrlo sli¢ne
mineralnom dieselskom gorivu ali njihova viskoznost je previsoka za suvremene
visokotlaéne crpke za gorivo i ostale elemente u sistemu za dobavu goriva. Visoka
viskoznost prouzrokuje zacepljivanje vodova za gorivo, filtra i visokotla¢nih brizgaljki.
Istrazivanja su pokazala da visoka viskoznost rezultira u nepotpunoj atomizaciji
(rasprsivanju kapljica goriva) biljnog ulja a posljedica toga je sprjeCavanje kompletnog
izgaranja vecih kapljica goriva i nastajanje taloga iz ugljika. Iz toga proizlazi da se biljna
ulja ne mogu upotrebljavati direktno u dieselskim motorima. Za smanjivanje viskoznosti
biljnog ulja razvijene su tri metode: transesterifikacija ulja (komercijalno ime biodiesel),
mijesanje ulja sa mineralnim dieselskim gorivom te zagrijavanje. Prve dvije metode su
zahtjevnije zato se je kao najprimjernija pokazala zadnja metoda. Pored svega nabrojenoga
istraZivanja su pokazala da ima biljno ulje dalje zakaSnjenje poCetka izgaranja i sporije
izgaranje posebno kod nizih optereCenja motora a to rezultira u kasnijem izgaranju i
kasnijem taktu ekspanzije motora (podeSavanje vremena ustrcavanja goriva rjeSava u
najvecoj mjeri te probleme).
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SISTEMI ZA UPORABU BILJNOG ULJA KAO GORIVA ZA DIESELSKE
MOTORE

Slika I Traktor AGT 835 preraden na biljno ulje na Kmetijskom Institutu Slovenije — Odjel
za poljoprivrednu tehniku, opremljen je dieselskim trocilindri¢nim vodno hladenim
motorom sa direktnim ustrcavanjem goriva, zapremina motora iznosi 1551 cm’, razvija
snagu od 26,4 kW. Motor je preraden za uporabu 100 % biljnog ulja po sistemu dva
rezervoara za gorivo. Za pokretanje motora namijenjeno je mineralno dieselsko gorivo
(moze se upotrijebiti i biodiesel - bolja varijanta za okolinu) koje se nalazi u malom
pomoénom rezervoaru goriva. Kada se motor traktora zagrije na pravilnu radnu
temperaturu, elektromagnetni ventil preklopi dobavu goriva iz pomocénog rezervoara na
dobavu goriva iz glavnog rezervoara gdje se nalazi biljno ulje. Biljno ulje dolazi kroz
poseban filtar gdje se dodatno procisti te preko grijaca gdje se dodatno zagrije na radnu
temperaturu izmedu 80 do 95°C (temperatura kod koje viskoznost biljnog ulja priblizno
odgovara viskoznosti mineralnog dieselskog goriva). Zagrijavanjem goriva smanjuje se
njegova viskoznost te sprije¢e moguca ostec¢enja visokotlacne crpke za ustrcavanje goriva
(vece trenje izmedu radnih elemenata crpke kod vrlo viskoznog ulja i posljedi¢no visi radni
otpori) te visokotla¢nih brizgaljki i klipnih prstena zbog nepotpunog izgaranja koje bi se
pojavilo kod goriva (biljnog ulja) visoke viskoznosti. Dobava biljnog ulja u motor je
potpuno automatska (za kontrolu je namijenjena elektronska kontrolna jedinica) tako da je
uporabnik rasterecen brige glede pravilnog djelovanja motora. Kod starta motora nije
potrebno izvoditi nikakvih posebnih aktivnosti, samo prije zaustavljanja motora potrebno je
ru¢no preklopiti prekida¢ za prijelaz na mineralno dieselsko gorivo tako da je motor
spreman za ponovni start na mineralno dieselsko gorivo.

Kod sistema sa jednim rezervoarom motor vozila preraden je tako da dobiva pogon
iskljuéivo iz biljnog ulja. U tom primjeru dodatno se ugradi jedna elektri¢na crpka. Glavni
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filtar za gorivo zagrijava se pomocu toplinskog izmjenjivaca koji upotrebljava zagrijanu
vodu iz motornog hladnjaka. Vazan dio tog sistema je elektri¢no grijanje visokotla¢nih
brizgaljki za gorivo. Time je osigurano optimalno rasprsivanje goriva i optimalno podma-
zivanje igle u visokotla¢noj brizgaljki za gorivo, neovisno od temperature motora.

Kod sistema sa dva rezervoara za gorivo za pokretanje motora te prije gaSenja motora,
upotrebljava se mineralno dieselsko gorivo (umjesto mineralnog dieselskog goriva smoze
se uporabiti i biodiesel). U sistem za dobavu goriva dodan je dodatni rezervoar za gorivo u
kojem se nalazi manja koli¢ina mineralnog dieselskog goriva. Pored toga ugradena je i
dodatna elektri¢na crpka za gorivo, elektri¢ni grija¢ goriva i elektri¢no ogrjevan filtar za
grubo filtriranje goriva. Motor pokrenemo pomocu mineralnog dieselskog goriva. Kada se
voda u hladnjaku motora zagrije na temperaturu priblizno 60° C, termostat ukljuci
elektri¢nu crpku za gorivo i grija¢ goriva. Gorivo koje iz rezervoara dolazi do visokotla¢ne
crpke za gorivo zagrijava se u elektricnom grijacu na temperaturu 75 — 90° C. Velika
prednost tog sistema je da se ne pojavljuju problemi sa pokretanjem motora u razdoblju
niskih zimskih temperatura a u slu¢aju da nam nestane biljnog ulja jo§ uvijek mozemo
normalno upotrebljavati mineralno dieselsko gorivo. Sistem je slican pogonu vozila na
tekuéi naftni plin, gdje isto tako uporabljamo dva goriva odnosno benzin i plin (engl. By
Fuel System). Dodatni rezervoar za dieselsko gorivo se kod osobnih vozila moze
jednostavno ugraditi na mjesto gdje se nalazi rezervna pneumatika (toroidalni rezervoar iz
polietilenske plastike ili metalnog materiala) odnosno u prostor za prtljagu. Kod
gospodarskih vozila, radnih strojeva, traktora itd. nije osobiti problem ugraditi dodatni
rezervoar za gorivo zbog vecéeg prostora kojim raspolazu ta vozila. Dodatni rezervoari za
spomenuta vozila dobiju se razlicitih oblika i zapremina a napravljeni su iz polietilenske
plastike, nehrdajuceg Celika ili aluminija (ovisno o proizvodacu).

Slika 2 Na gornjoj strani motora traktora AGT 835 ugradena su dva rezervoara, lijevi -
manji rezervoar namijenjen je za mineralno dieselsko gorivo a desni rezervoar veée
zapremine namijenjen je za biljno ulje
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Slika 3 Na lijevoj strani motora ugraden je elektromagnetni ventil koji usmjerava gorivo iz
rezervoara za mineralno dieselsko gorivo ili iz rezervoara za biljno ulje, na desnoj strani
ugraden je elektric¢ni grijac koji zagrijava biljno ulje na maksimalnu vrijednost koju
podesimo na elektronskom termostatu na armaturnoj ploci traktora

Slika 4 Detalj elektricnog grijaca goriva, u grijacu se biljno ulje zagrije na temperaturu 80 -
95° C, time je omoguceno da viskoznost ulja priblizno odgovara viskoznosti mineralnog
dieselskog goriva
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ZAKLJUCAK

Energetska uporaba biljnog ulja u motorima (dieselski motori na traktorima, gradevin-
skim i radnim strojevima, transportnim i komunalnim vozilima, kogeneratorskim jedinica-
ma za proizvodnju elektri¢ne i toplotne energije, brodovima, lokomotivama itn.) je aktualna
opcija za fosilna goriva odnosno mineralno dieselsko gorivo.

Za pogon preradenih dieselskih motora pored sirovih i rafiniranih biljnih ulja mogu se
upotrijebiti 1 otpadna jestiva ulja i Zivotinjske masti. Biljna ulja imaju karakteristike
izgaranja vrlo sli¢ne mineralnom dieselskom gorivu ali njihova viskoznost je previsoka za
suvremene visokotlacne crpke za gorivo i ostale elemente u sistemu za dobavu goriva.
Visoka viskoznost prouzrokuje zacepljivanje vodova za gorivo, filtra i visokotla¢nih
brizgaljki. ViSe istrazivaca je ustanovilo da visoka viskoznost rezultira u nepotpunoj
atomizaciji (rasprSivanju kapljica goriva) biljnog ulja a posljedica toga je sprjecavanje
kompletnog izgaranja vecih kapljica goriva i nastajanje taloga iz ugljika. Iz toga proizlazi
da se biljna ulja ne mogu upotrebljavati direktno u dieselskim motorima, motore je
potrebno prilagoditi. Motori se prilagoduju na dva nacina. Kod sistema sa jednim
rezervoarom motor traktora odnosno vozila je preraden tako da dobiva pogon iskljucivo iz
biljnog ulja. Taj sistem je zahtjevan za ugradnju zato je danas najviSe u uporabi sistem sa
dva rezervoara. Kod sistema sa dva rezervoara za gorivo za pokretanje motora te prije
gasenja motora upotrebljava se mineralno dieselsko gorivo (umjesto mineralnog dieselskog
goriva smoze se uporabiti i biodiesel).U Evropi je ve¢ nekoliko vecih proizvodaca motora i
traktora ponudilo trzistu izvedbe dieselskih motora koji su preradeni tako da mogu
upotrebljavati za pogon biljno ulje. U buduénosti vaznu ulogu imati ée i Stirlingov motor te
turbine na biljno ulje. Velika prednost je da kod spomenutih strojeva kvaliteta goriva —
biljnog ulja nije toliko vazna kao kod dieselskih motora.
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POSSIBILITES OF RUNNING TRACTORS AND
VEHICLES BY PLANT OIL

ABSTRACT

The use of plant oil as energy source in diesel engines on tractors, trucks,
municipal vehicles, working machines cogeneration units for production of
electric and heat energy, etc. is the current option for diesel oil.

Using plant oil in unmodified diesel engines is not recommended because it
can cause damages on engines. In order to ensure as complete a combustion
process as possible in diesel engine, the plant oil must be sprayed just as finely as
the diesel oil. To achieve this, the viscosity of the oil must first be adjusted to
match that of diesel. The viscosity of vegetable oil is strongly dependent on
temperature: the higher the temperature is, the lower the viscosity becomes.
Heating of plant oil reduces its viscosity and prevents the possibility of damaging
the high pressure pump (stronger friction between working elements of the pump
at very viscose oil and consequently higher working efforts). Heating of oil also
reduces the damages of high pressure injection nozzles and piston rings due to
incomplete combustion which would occur at high viscosity fuel. For research
activities on Agricultural Institute of Slovenia — Department of Agricultural
Engineering we adapted engine of small tractor AGT 835 (power of engine 26,4
kW) on plant oil.

Key words: plant oil, biofuel, tractor, vehicles
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SUMMARY

The paper presents a comparative analysis of different tire traction models.
The model developed by the authors, starting from a Bekker type pressure-
sinkage relationship, was compared with the Wismer&Luth, the MacLaurin and
the Gee-Clough models, in terms of specific net traction coefficient. Traction
force and traction efficiency were also calculated.

In order to validate the theoretical results, field tests were developed, using
the U-650 tractor, equipped with the P2V plow. Variation of plow width and
depth allowed different traction forces and drive wheel slips to be obtained.
During the experiments, drive wheel slip and net traction force were measured
directly, for wheel slip up to 30%.

The results predicted by the proposed model fit well the experimental results;
the average differences between calculated and measured data did not exceed
0.25...0.4 kN for the traction force and 4...5% for the traction efficiency.

Applying the original Gee-Clough and Wismer&Luth equations leads to
significant differences compared to experimental data over the entire range of
wheel slip values (0 to 100%). When the MacLaurin wheel numeric is used in the
Gee-Clough and Wismer&Luth equations, the specific net traction coefficient
given by the Wismer&Luth model matches the experimental data and the values
given by the proposed model when drive wheel slip does not exceed 28...29%.

Keywords: tire traction, wheel slip, traction models

INTRODUCTION

Accurate prediction of the traction performance of a tractor wheel depends largely on the
model of the tire-terrain interaction. Some models use analytical approaches (commercial

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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CAD or FEM programs), others use semi-empirical or empirical approaches (based on the
model proposed by Bekker, Wong etc.) [4, 5, 13]. Thus, the WES method is modeling the
wheel traction performance based on the soil penetration resistance, measured with a
standard cone penetrometer. In the Bekker method, the soil constants are calculated from
plate sink age tests results, while the mathematical models are based on soil strength tests
and demand the most resources in measuring the soil parameters.

We have chosen to use a Bekker type model, assuming that the circumferential force
limits the value of the wheel net traction force. Opposite to the conditions on hard road
surfaces, on soft soils the circumferential force is not limited by the friction coefficient
between the wheel and the ground surface, but rather by the shear strength of the soil. This
is why the precision of the model depends upon:

e the shape and dimensions (length, width, area) of the tire-ground contact area;
o the tire-ground pressure distribution pattern;
e the shear stress.

A semi-empirical traction model was developed in the present study. Net traction, wheel
rolling resistance and traction efficiency were calculated according to ASAE S296, which
defines traction efficiency of the drive wheel as the ratio of the output power to the input
power.

TRACTION MODELS

Developed traction model

This traction model is based on the schematics shown in Figure 1. The model assumes
that, under the vertical load (G), the wheel sinks into the soil, reaching depth (z.) and the
load induces tire deflection (z,). As a result, the radius of the contact patch becomes rq (14
>1p), and the circular length of the contact patch is:

le=2-Brg=2-0019 (1
G
|
fd 0
1 . |
/
\ 4 /
74
% S LAY
2 /
\ // . dg I;]\\ /
7 :———]"_— _—/— NW
) ‘h-.‘___- E — e :
r?'l B/’ N
f a |
lc |

Fig. I Schematics of the model.

94



Tire traction models — comparative analysis and validation

From Figure 1 we have:

z=0E -0A 2)
and we finally get:

z=1, -[cos(B - @)~ cos ] (3)
Using the Bekker equation [4] results in:

28 28
G=b- J'p.rd.dgbzb.kJrj”[cos(ﬂ—(p)—cosﬁ]ndgp 4)
0 0

where b is the width of the tire.

Assuming the tire is perfectly elastic, we have [8]:

4
G=qp~b-§~((x3-r(f—53-rdz) (5)
where q, is the volume deflection constant of the tire.
From (4) and (5) we get:
" n+l1 n 4 3 2 4 3 2
- [ eos(p-g)-cos I -dgs S0, B 1P = 3o, 00 O
0
From Figure 1 we also have:
zZ, =T, —z,—F, Ccosf3, (7)
zp:ro'(l—cosoc)—rd-(l—cosB), (®)

The system consisting of equations (1), (6), (7) and (8) is solved with a computer
program, using an iteration process.

Each calculation step begins by assuming a guess value for the contact patch length 1.
Following the work of Upadhyaya & Wulfsohn [17], the contact patch is assumed to have
an elliptical shape, with 1. the major axis and 1,, the minor axis; the area of the contact patch
is:

)

(10)

Tractor drive tires are lugged. Knowing the length of the contact patch and the distance
between lugs, the following items are calculated:

e the lug contact area A;

e the undertread contact area Ay, = Ay — A,y
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A wheel on soft soil penetrates the ground until the resultant ground pressure equals the
wheel vertical load. The general pressure-sinkage equation for this action is:

p=k-z" [kPa] (11)
where p is the tire-ground pressure. Depending on wheel load and soil condition, one of the
following situations may occur:

- assuming that p= G | from (11) we getz < h,; in this case we conclude that there
A

pr
is incomplete lug penetration and there is no contact between the undertread and the
soil.

- assuming that p= G | from (11) we get z> h,; in this case, we conclude that both
A

pr
the lugs and the undertread have contact with the soil and the normal pressure for
the lugs (pr), for the undertread (py,) and the effective wheel sinkage (z) must be
calculated.

At the end of each calculation step the following condition is checked:
|z.—z |£0,001 (12)

If the condition (12) is satisfied, it means that the true values for 1., Z. and Z, were
found; if it is not, the length 1. of the contact patch is increased with 1 mm and the
calculation process is resumed.

It was assumed that the maximum traction force of the tire was limited only by the soil
maximum shear strength; then, according to the Mohr-Coulomb criterion, the maximum
shear strength is:

where c is the soil cohesion and ¢ is the soil internal friction angle [°].
In order to evaluate the overall maximum shear strength the following formula was used

[2]:
o A +[1_Am].r b (14)
max A max p A max

t t

According to Wolfson&Upadhyaya [15, 19] and Lach [10], the shear stress developed at
the interface between the vehicle tire and the terrain is a function of shear displacement J.
In order to predict the shear stress distribution on the tire-terrain interface it is necessary to
determine the shear displacement by integration of slip velocity v, along the contact patch:

L
T=Tmax(l—e Kj (15)

I= v, -dt=r,-[2-B—(1-s)-sin2B] (16)
0
where s is the wheel slip.
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The net traction force is given by the relation:
F =71-4,-R, [kPa]. 17)
where R, is the rolling resistance of the wheel:

1 0.5-s
R =G-|—+0.04+—=—=| [kN] (18)
B, VB,
According to ASAE S296, the wheel numeric B, and the traction efficiency are given by
the relations:

Z
1+5--=%
Cl-b-D h F v, R
B, = : n, =— =(1—S)-[1— j (19)
G 1+3~g Ft' t Ft

e D =2.ry — overall diameter of tire [m];
e CI—soil cone index [kPa];

e h - section height of tire [m];

e 7, —tire deflection [m];

e Db-tire width [m].

According to some authors [1], [7], the shear area varies during the traction as a function
of slip:

A=A [1-(1-s)-e” 20)
whereY =c¢, - li_“‘ -§™ | with the values of the constants ¢;, m; and m, depending upon the
nature of the ground surface.

In order to compare the results with the ones given by other models, the specific net
traction coefficient was calculated:

Hy == 1)
where G is the vertical load.

Other traction models

In order to compare the results of the proposed model, some empiric traction models
were also taken into account.

According to the Wismer&Luth equations [13], the specific net traction coefficient is:

1, =0.75-(1 —e‘°-3'C"'S)—0.04—1C'—2, (22)

n

where s is the wheel slip and C, is the wheel numeric:

97



R. Rosca, I. Tenu, P. Carlescu, E. Rakosi, G. Manolache

Cl-b-D
¢, =<2 (23)
G
The Gee-Clough model [6] assumes that the specific net traction coefficient is given by:
i, =(0.796 — 0'92) “(1—e™)=(0.049 + @) J (24)
cr NCI
where k = 4.838+0.061-N¢; , the wheel numeric is:
\/5
Cl-b-D h
No==—c—|— (25)
I+ —-
2-D

and 0 is the tire deflection.

MacLaurin [11] proposed a different equation for the wheel numeric (or mobility
number):

~ CI-p°% . D% . 504
G

and this equation was also used in order to compare the models.

N, (26)

EXPERIMENTAL SETUP

For this work the U-650 tractor was modeled. The main characteristics of the tractor and
drive tire are shown in Table 1.

Table I Characteristics of the U-650 tractor and drive wheels

Item Value
Load on the drive tire [kN] 11.75
Type of drive tire 14.00 — 38

Overall diameter of tire [m] 1.58
Tire width [m] 0.367

Lug width [m] 0.04

Lug length [m] 0.24

Lug height [m] 0.025

Distance between lugs [m] 0.195

Transversal radius of the undertread [m] 0.3

During the experiments, drive wheel slip and net traction force F,.;, were measured
directly. In order to measure traction force, a dynamometric frame and a hydraulic
dynamometer were mounted on the tractor (fig. 2). The P2V plough was mounted on the
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dynamometric frame (7). The gross traction force and traction efficiency (Ny.) were

determined assuming that F; = F, + R,, with a formula derived from ASAE S296
standard:

t.ef,r ‘Vr _ t.ef,r .Vr

Nee = (25)

F-v, (F

tef,r

Fig. 2 Dynamometric frame mount; 1, 3, 4-lifting arms; 2-hydraulic lifting cylinder;
5-frame arms; 6-dynamometric frame; 7-hydraulic cylinder of the dynamometer

Variation of plow width and depth allowed different traction forces and drive wheel slips
to be obtained. During the experiments, drive wheel slip and net traction force F,.¢, were
measured directly. The experimental data were collected during field tests of the
U650+P2V ploughing unit (aiming to evaluate the quality of the plough’s working process,
fig. 3); during these tests drive wheel slip was not allowed to exceed 30% because such

high values must be avoided during the ploughing process. Soil characteristics of the test
field are shown in Table 2.
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Fig. 3 Traction resistance during ploughing
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Tire deflection under vertical load was measured under static conditions, in a previous
series of experiments. The vertical axle load, as affected by the plow resistance, was
calculated with the formula (see also fig. 4 for notations):

Y2 = st — M’+—M , (26)
L

where Y is the static axle load and M, is the wheel torque; the following particular
conditions were considered: horizontal plane (a=0), constant speed of the tractor (v=ct.),
plough weight supported by the ground wheel.

Table 2 Characteristics of the test soil

Item Value
Soil deformation modulus, K [m] 0.05
Coefficients for the sinkage equation 1(1 1553
Soil cohesion, ¢ [kPa] 25
Angle of internal friction, ¢ [] 32
Cone penetrometer index, CI [kPa] 970

Fig. 4 Effect of ploughing resistance over the axle load
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The results of the developed traction model were compared with the ones given by the
Wismer&Luth and Gee-Clough in terms of specific net traction coefficient; the wheel
numeric proposed by MacLaurin was also used.

RESULTS AND DISCUSSION

The calculated results concerning wheel sinkage and average pressure on lugs and
undertread are shown in Table 3; the results concerning both the model and experimental
data (net traction force and traction efficiency) are shown in fig. 5 and 6. From Fig. 5 and 6
it is clear that the results predicted by the proposed model fit well to the experimental data;
the average differences between calculated and measured data did not exceed 0.25...0.4 kN
for the traction force and 4...5% for the traction efficiency.

Table 3 Calculated results
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Item Value
I; [m] 0.598
g [m] 0.941
Ppr [kPa] 312.63
Por [kPa] 77.85
Ty [kPa] 220.23
Ty, [kPa] 73.61
Tmax [KPa] 124.33
z. [m] 3.806:107
0.75 -
065 x —_ x .
——— model x X X
X experiment /. 055
X § 045/
z % ——model
4 _§0.35 X experiment
Y, %oz
015 -
0.05 : : ‘
5 10 1/5 20 25 30 5 10 15 20 25 30
Fig.5 Net traction force Fig. 6 Traction efficiency
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The maximum traction efficiency is reached when wheel slip is comprised between 10
and 17%; these predictions were confirmed by the experimental data (Fig. 6). Referring to
the traction force (Fig. 5), the best fit between model and experimental data is also achieved
when wheel slip is within the above mentioned range. Both experimental and calculated
data show that the maximum traction efficiency is reached for traction forces between 2.5
and 3.7 kN.

Fig. 7 presents a comparison between the different models mentioned at subtitle 2.2 and
the developed traction model.

Applying the original Gee-Clough and Wismer&Luth equations (1 and 2, Fig. 7) lead to
significant differences compared to experimental data over the entire range of values for
wheel slip (0 to 100%). When the MacLaurin wheel numeric is used in the Gee-Clough and
Wismer&Luth equations (instead of the original relations), the specific net traction
coefficient given by the Wismer&Luth model matches the experimental data and the values
given by the proposed model if drive wheel slip is does not exceed 28...29% (4, Fig. 7).

Because the experimental data were collected during field tests of a ploughing unit, no
experimental data was available for drive wheel slip over 30% and no assumption can be
made regarding the accuracy of the proposed model when wheel slip exceeds this limit.
Nevertheless, traction theory states that specific net traction coefficient increases until it
reaches a peak value and then decreases; the proposed model is the only one (among the
other models taken into account in this study, including model 4) that displays a similar
behavior.

0.8

——— model
Wismer&Luth
Gee-Clough
X experiment
Wismer&Luth with NM
- = = .Gee-Clough with NM

40 60 80 100
%

Fig. 7 Specific net traction coefficient; 1-Wismer&Luth model; 2-Gee-Clough model;
3-Gee-Clough model using the Mac Laurin wheel numeric; 4-Wismer&Luth model using
the Mac Laurin wheel numeric; 5-developed model
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CONCLUSIONS

. A model for off-road tire traction was developed and tire deflection under load was
taken into account by replacing the real wheel with an imaginary one, with a larger
radius. Tire deflection under vertical load (z,) was measured under static conditions, in
a previous series of experiments

. The model was applied to the driving wheel of a romanian tractor and was compared
with both experimental results and some other traction models (Gee-Clough and
Wismer&Luth).

. The model, taking into account complete soil rebound behind the wheel and a variable
shear area, provided good results in comparison with the experimental data, for
8....30% wheel slip. Both the experimental and calculated data show that the maximum
traction efficiency of the drive wheel is achieved for 10...17% wheel slip.

. Regarding the results provided by the other traction models taken into account
(compared to experimental data and the data given by the developed model), only the
Wismer&Luth model (although modified by the use of the MacLaurin wheel numeric)
provided good results in the range of low wheel slips (not exceeding 30%). For wheel
slip higher then 30%, the specific net traction given by the modified Wistmer&Luth
model increases with the wheel slip.

. Further tests must be conducted in order to obtain experimental data when drive wheel
slip exceeds 30%
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SAZETAK

Poljoprivredni traktori kao bitni cimbenici poljoprivredne proizvodnje,
poglavito trzisno orijentirane, svojom tehnickom ispravno$éu znacajno utjecu na
sigurnost cestovnog prometa u kojem sudjeluju kao prometala. Redovite i
ispravne mjere servisno-preventivnog odrzavanja poljoprivrednih traktora uz
povecanje uporabne pouzdanosti i vijeka uporabe poljoprivrednog traktora zna-
Cajno podizu razinu sigurnosti prometa. U cilju utvrdivanja tehnicke ispravnosti
traktora koji sudjeluju u javnom prometu te koji pristupaju tehnickom pregledu
ucinjeno je istrazivanje na podrucju Vukovarsko-srijemske Zupanije glede
utvrdivanja istog. U svrhu utvrdivanja broja registriranih traktora na obiteljskim
gospodarstvima i starosti traktora obavijena je anketa na 107 obiteljskih
gospodarstava ove zZupanije. Rezultati istrazivanja ukazuju da je na obiteljskim
gospodarstvima jos znatno visok broj traktora koji nisu registrirani (53,3 %).
Znacajan je i postotni udio neispravnih traktora (23,33 %) koji sudjeluju u
Jjavnom prometu kao i neispravnih traktora (15 %) koji su pristupili tehnickom
pregledu. U posljednjih deset godina smanjuje se broj nesreca u kojima sudjeluju
poljoprivredni traktori.

Kljuéne rijeci: traktor, sigurnost u prometu, servisno-preventivho odrzavanje

UvOoD

Uporaba visoko sofisticiranih poljoprivrednih strojeva stvara preduvjete trziSno konku-
rentnoj poljoprivrednoj proizvodnji. Uvjetovana optimalnim agrotehnic¢kim rokovima za
pojedine poljoprivredne kulture, sezonskim karakterom uporabe, gibanjem po proizvodnim
povrSinama, ali i javnim prometnicama, uporaba poljoprivrednih strojeva znacajno ovisi o
servisno-preventivnom odrzavanju. Buduéi da poljoprivredni traktori sudjeluju kao
prometala u javnom prometu od iznimne je vaznosti njihova tehnicka ispravnost. Stoga se
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za poljoprivredne traktore i prikolice moraju obavljati redoviti tehnicki pregledi, sukladno
Zakonu o sigurnosti prometa na cestama (N.N. 105/04).

Servisno-preventivno odrzavanje provodenjem to¢no definiranih radnih operacija, koje
se provode u odredenim vremenskim intervalima, ima za cilj povisiti u€inak, uporabnu
pouzdanost i vijek uporabe poljoprivrednih strojeva. Redovite mjere odrzavanja utjecu na
povecéanje sigurnosti prometa smanjujuéi moguénost prometne nezgode, Juri¢ i dr. (2001).
Da kvaliteta servisno-preventivnog odrzavanja na obiteljskim gospodarstvima nije na
prihvatljivoj razini ukazuju dosada$nja istrazivanja Emert i dr. (1996), Juri¢ i dr. (2001).
ZnaCajan ¢imbenik koji utjeCe na sigurnost prometa je vrlo visoka prosjeéna starost
poljoprivrednih traktora na obiteljskim gospodarstvima (16,5 godina), Juri¢ i dr. (2006).
Rotim i dr. (2001), analizirajuc¢i odnos broja nastradalih osoba i broja prometnih nezgoda u
kojima su odredena prometala sudjelovala, ukazuje na povecanu vjerojatnost stradavanja
osoba koja koriste moped, traktor, bicikl, motocikl ili zaprezno vozilo, a obzirom na
korisnike drugih prometala.

Cinjenica da je sigurnost prometa vrlo zna¢ajan &¢imbenik cestovnog prometa te da
Republika Hrvatska prema prihvac¢enim kriterijima za ocjenu iste zauzima vrlo lose mjesto
medu europskim drzavama (medu posljednjima), Happ i dr. (2005) ukazuje na nuznost svih
mjera za podizanje razine sigurnosti. U tom cilju svakako treba poraditi na educiranju
vlasnika poljoprivrednih traktora glede servisno-preventivnog odrzavanja napominju Juri¢ i
dr. (2001). Upravo stoga, kvalitetno servisno-preventivno odrzavanje uz edukaciju
rukovatelja poljoprivrednih strojeva ¢imbenici su podizanja razine sigurnosti prometa.

METODIKA I CILJ ISTRAZIVANJA

Istrazivanje je imalo za cilj predoditi znacaj servisno-preventivnog odrzavanja kao
¢imbenika povecanja sigurnosti cestovnog prometa u kojem poljoprivredni traktori i
prikolice sudjeluju kao prometala. Radi se o jednom od pionirskih empirijskih istrazivanja
koje ¢e dati sugestije za buducéa istrazivanja sli¢nog sadrzaja. Osim spomenute metodoloske
uporabne vrijednosti rezultata, autori se nadaju da ¢e se prvenstveno posti¢i prakticna korist
od konkretnih istrazivackih zakljucaka.

U tu je svrhu od 08. do 16. svibnja 2006. godine obavljena preventivna akcija policijskih
sluzbenika Postaje prometne policije Vinkovci u cilju utvrdivanja tehnicke ispravnosti
traktora koji sudjeluju u prometu. Akcija je provedena u mjestima Novi Jankovci,
Markusica, Srijemske Laze, Orolik, Slakovci i Sidski Banovci. U svakom navedenom
mjestu Vukovarsko-srijemske Zupanije obavljen je nadzor deset (10) poljoprivrednih
traktora. S ciljem utvrdivanja tehnicke ispravnosti traktora koji pristupaju tehnickom
pregledu obavilo se utvrdivanje ispravnosti traktora u tri naselja Vukovarsko-srijemske
zupanije (Gabos, Ostrovo i Tordinci) pri samom tehniC¢kom pregledu. Pri tome je obavljen
tehnicki pregled stotinu (100) traktora (40 traktora u Gabosu, 30 traktora u Ostrovu te 30
traktora u Tordincima).

U cilju utvrdivanja starosti traktora i broja registriranih traktora na obiteljskim gospodar-
stvima dizajnirana je anketa i uéinjeno je anketiranje 107 obiteljskih gospodarstava na
podrucju Vukovarsko-srijemske Zzupanije (Stari Mikanovci, Lovas, Vodinci, Tovarnik,
Mohovo, Otok, Prkovci, Gradiste, Jarmina, Ilok, Gunja, Petrovci, Rokovci, Retkovci,
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Cerna, Novi Mikanovci, Bobota i Vinkovci). Podaci su prikupljeni metodom osobnog
intervjua, a ispitanici su definirani kao vlasnici obiteljskih poljoprivrednih gospodarstava.
Strukturirani je anketni upitnik, pored 6 op¢ih, sadrzavao i 24 specificna pitanja s mno-
$tvom ponudenih odgovora, posebno dizajniranih za potrebe ovog istraZivanja koje Zavod
za poljoprivrednu tehniku Poljoprivrednog fakulteta u Osijeku provodi veé vise od Cetiri (4)
godine.

Svrha provedenog istraZivanja je snimiti stanje, ali i saznati razloge tehnicke neisprav-
nosti traktora i prikolica kao prometala kao i njihovog nedovoljnog odrzavanja od strane
vlasnika, kako bi se mogli dati prijedlozi za eventualnu dodatnu edukaciju vlasnika obitelj-
skih poljoprivrednih gospodarstava, i uop¢e unaprjedenje sigurnosti u prometu. U tom
smislu rezultati su namijenjeni i autori se nadaju da ¢e koristiti stanicama za tehnicki
pregled vozila te u znanstvenoistrazivacke svrhe, kao i u svrhu dodatne edukacije ciljanih
skupina strucnjaka iz prakse odrzavanja i popravka vozila, ali i u svrhu prevencije sigurno-
sti prometa. U radu su koristene metode deskriptivne statistike (numericke i graficke).

REZULTATI I RASPRAVA O REZULTATIMA ISTRAZIVANJA

Anketirana obiteljska gospodarstva raspolazu sa 195 traktora razli¢ite snage, starosti i
tipa. Prosjecna starost traktora iznosi 17,7 godina, a postotni udio poljoprivrednih traktora u
pojedinim skupinama starosti predocena je u tablici 1.

Tablica 1 Starost poljoprivrednih traktora na obiteljskim gospodarstvima

Godina starosti Postotni udio (%) Postotni kumulativ (%)
0-4 7,70 7,70
5-9 8,72 16,42
10- 14 7,70 24,12
15-19 27,17 51,29
20-24 24,61 75,90
24 1ivise 24,10 100,00
2 100,00

Izvor: Anketa Zavoda za poljoprivrednu tehniku Poljoprivrednog fakulteta u Osijeku (2003.-2007.)

Broj je od 104 neregistrirana traktora dosta visok (53,3 % ukupnog broja traktora), a kao
glavni razlog zaSto nisu registrirali svoje traktore vlasnici navode nedostatak novéanih
sredstava. SluZzbeni pokazatelji (Bilten o sigurnosti prometa 2005. godine) ukazuju na
povecanje registriranih traktora na podru¢ju Vukovarsko-srijemske Zupanije, tablica 2., kao
i znatno vedi broj traktora u vlasnistvu fizi¢kih osoba obzirom na pravne osobe.
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Tablica 2 Broj registriranih traktora na podruéju Vukovarsko-srijemske zupanije

Broj registriranih traktora

1996. 1997. 1998. 1999. 2000. 2001. 2002. 2003. 2004. 2005.

993 1496 3285 3754 4357 4407 4895 5266 5536 5746

Traktori u vlasnistvu fizickih osoba

787 1268 2990 3480 4066 4111 4590 4937 5192 5369

Traktori u vlasnistvu pravnih osoba

206 228 295 266 291 296 305 329 344 377

Izvor: Policijska uprava Vukovarsko-srijemske Zzupanije (1996.-2005.)

Vozaci poljoprivrednih traktora u razdoblju od 1996. do 2005. godine sudjelovali su u
ukupno 600 prometnih nesreca na podru¢ju Vukovarsko-srijemske Zupanije. 12 prometnih
nesreéa je bilo sa smrtno stradalim osobama, 144 prometne nesreée sa nastradalim
osobama, a u 444 prometne nesrece nastala je samo materijalna Steta (podaci Policijske
postaje  Vukovarsko-srijemske Zzupanije). Obzirom na ukupni broj prometnih nesreéa
poljoprivredni traktori sudjelovali su u 3,5 % prometnih nesreca, a u nesreCama sa smrtno
stradalim osobama cak u 4,9 % prometnih nesrec¢a. Obzirom na broj nesre¢a u kojima su
sudjelovali poljoprivredni traktori za promatrano razdoblje (1996. — 2005. godine) uocava
se odredena varijabilnost s trendom smanjenja istih, tablica 3.

Tablica 3 Broj prometnih nesreca u kojima su sudjelovali tehni¢ki neispravni ili
neregistrirani traktori

Broj nesreca traktora

1996. 1997. 1998. 1999. 2000. 2001. 2002. 2003. 2004. 2005. X

61 63 54 37 56 68 61 77 66 57 600

Neispravni ili neregistrirani traktori

35 31 29 22 19 25 20 29 22 16 248

%

57,37 49,20 53,70 59,45 33,92 36,76 32,778 37,66 33,33 28,07 41,33

Izvor: Policijska uprava Vukovarsko-srijemske zupanije (1996. — 2005.)

Zanimljiv je raspored dogadanja prometnih nesreca tijekom pojedinih mjeseci u godini,
tablica 4, gdje se najveci broj nesreca dogada upravo tijekom intenzivnih poljoprivrednih
radova, kada je najveéi broj traktora sudjeluje u javnom prometu.

Akcija Policijske uprave Vukovarsko-srijemske Zupanije obavljena je kontrolom tehnic-
ke ispravnosti 60 poljoprivrednih traktora od kojih je 57 traktora bilo u vlasnistvu fizi¢kih
osoba, a tri (3) traktora u vlasniStvu pravnih osoba. Neposrednim opazanjem policijski
sluzbenici su utvrdili tehnicku neispravnost na Cetrnaest (14) traktora, odnosno 23,33 %
kontroliranih traktora. Utvrdene nepravilnosti predo¢ene su u tablici 5.
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Tablica 4 Prometne nesrece tijekom mjeseci u godini

Godina 1 II m  1v v vl vl vl IX X XTI XII
1996. 1 2 5 4 8 1 6 5 5 11 5
1997. 1 2 2 6 11 5 11 3 3 12 4 3
1998. - 2 3 4 4 4 6 7 3 4 12 5
1999. 1 - 3 5 4 - - - 8 11 2 3
2000. 2 3 4 4 3 4 - 5 7 14 3
2001. 2 2 6 4 3 6 9 5 4 20 4
2002. 1 3 - 1 3 6 5 7 8 15 11 1
2003. 3 5 2 3 10 4 12 8 6 10 11 3
2004. 3 1 2 4 8 6 11 6 2 10 8 5
2005. 5 - 1 7 8 2 6 4 3 9 12 -

x 19 20 28 42 62 38 66 50 49 116 78 32

Izvor: Policijska uprava Vukovarsko-srijemske zupanije (1996. — 2005.)

Tablica 5 Nepravilnosti na kontroliranim traktorima

Neispravnost Broj traktora

IstroSeni pneumatici 3

Neispravno pozicijsko svijetlo

Neispravan reflektor

Neispravno dugo svjetlo

Neispravni pokazivaci smjera

Nema retrovizor

1
1
4
Neispravno kratko svjetlo 3
2
1
3

Nema signalizaciju

Neispravna stop svjetla 2
Izvor: Policijska uprava Vukovarsko-srijemske zupanije (1996. — 2005.)

Utvrdene nepravilnosti odnose se uglavnom na signalne uredaje te uredaje za osvjetlja-
vanje ceste ($to je bilo lako za uociti neposrednim opazanjem). Za utvrdivanje ispravnosti
drugih sustava traktora bila bi potrebita posebna oprema koja u ovom istraZivanju nije
koristena.

U cilju utvrdivanja tehnicke ispravnosti traktora koji dolaze na tehnicki pregled
nadzornici Stanice za tehnicki pregled ,,Auto-klub* Vinkovci (koji uz odobrenje Policijske
uprave mogu obaviti tehnicki pregled i registraciju traktora na terenu u opéinama i mjesti-

109



V. Juri¢, T. Jurié, D. Kis$, R. Emert, 1. Plas¢ak

ma Zupanije) obavili su nadzor 100 traktora. Od 100 pregledanih traktora njih 15 nije bilo
tehnicki ispravno (15 %), a nepravilnosti su se uglavnom ocitovale neispravnim svjetlima,
neispravnim pokaziva¢ima smjera i reflektorima za rad te neispravnim stop svjetlima i
pneumaticima.

Redovite mjere servisno-preventivnog odrzavanja znacajan su ¢imbenik koji utjece na
sigurnost prometa. Traktorist bi pri dobro organiziranom servisno-preventivhom odrzava-
nju u okviru dnevnog tehni¢kog odrzavanja (prije pocCetka rada sa strojem) trebao obaviti
provjeru funkcionalnosti pojedinih sustava (sustav za kocenje, sustav za upravljanje) te
signalizacije i1 osvjetljenja, Emert i dr. (1995). Znacaj redovitih mjera servisno-preventiv-
nog odrzavanja time je veci $to obiteljska gospodarstva raspolazu s velikim brojem starih i
dotrajalih traktora prosjeéne starosti 17,7 godina. Na problem velikog broja dotrajalih
traktora na obiteljskim gospodarstvima i visoke prosjeéne starosti (16,5 godina i 14,5
godina) ukazuju Juri¢ i dr. (2006) te Juri¢ i dr. (2001).

Sluzbeni pokazatelji o broju registriranih traktora za promatrano razdoblje (1996. —
2005.) ukazuju na povecanje broja registriranih traktora §to je vjerojatno posljedica
stupanja na snagu Zakona o sigurnosti na cestama, ali i visokih nov¢anih kazni koje su
predvidene u sluéaju zatjecanja neregistriranog traktora u prometu. Znac¢ajan broj traktora
registriran je kod fizickih osoba, Sto je i za ocekivati, budu¢i da se poljoprivredna
proizvodnja orijentira na obiteljska gospodarstva. Porast registriranih traktora u vlasnistvu
pravnih osoba je znatno manji, a kao jedan od razloga moze se razmatrati ¢injenica da su
pravne osobe (poljoprivredna poduzeca) u najveéoj mjeri registrirali svoje traktore, $to nije
bio slucaj kod fizi¢kih osoba.

No, zabrinjavajuci su pokazatelji o broju registriranih traktora na anketiranim obitelj-
skim gospodarstvima gdje je svega 47,21 % traktora registrirano. Znacajna financijska
sredstva potrebita za registriranje traktora, starost ili tehnicka neispravnost nikako nisu i ne
smiju biti opravdanje za vrlo visok broj traktora bez tehnickog pregleda 52,79 %. Ovu
¢injenicu potvrduje podatak da su u promatranom razdoblju (1996. — 2005- godina) u cak
41,33 % prometnih nesreca sudjelovali tehnicki neispravni ili neregistrirani traktori. lako se
postotni udio neregistriranih 1 neispravnih traktora, prema sluzbenim pokazateljima,
smanjuje od 57,37 % (1996. godine) do 28,07 % (2005. godine) on je jo§ uvijek visok. Na
problem neregistriranih traktora na obiteljskim gospodarstvima (36 % ) ukazuju Juri¢ i dr
(2006).

Veliki broj katastarskih Cestica poljoprivrednih povrSina zahtijeva gibanje traktora
javnim prometnicama $to uz ovako veliki broj neregistriranih traktora zna¢ajno utjeCe na
sigurnost prometa.

Najveci broj prometnih nesreca u kojima sudjeluju poljoprivredni traktori dogada se
tijekom sezone obavljanja poljoprivrednih radova (travanj — studeni). Izrazito visoki broj
prometnih nesrec¢a tijekom listopada (116) i1 studenog (78) u kojima sudjeluju
poljoprivredni traktori treba promatrati i u kontekstu losih vremenskih prilika (magla, kraci
dani, izno$enje blata na cestu i ino), gdje su znatno veéi rizici nastanka prometne nesrece.

Rezultati akcije Postaje prometne policije Vinkovci glede utvrdivanja tehnicke
ispravnosti poljoprivrednih traktora ukazuju na visoki postotni udio neispravnih traktora
(23,33 %) koji su sudjelovali u javnom prometu. Neispravnosti na traktorima utvrdene
tijekom akcije (svijetla, pokazivaci smjera, stop svijetla i ino) bile bi otklonjene prije
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sudjelovanja u javnom prometu da su vlasnici poljoprivrednih traktora obavili redovite
mjere servisno-preventivnog odrzavanja. Relativno visok postotni udio (15 %) traktora nije
bio tehnicki ispravan na tehni¢kom pregledu $to upucuje da vlasnici traktora jo$ nisu
svjesni znacenja i vaznosti tehni¢ke ispravnosti njihovih traktora kao sudionika javnog
prometa.

ZAKLJUCCI

Provedenim istrazivanjem tehnicke ispravnosti poljoprivrednih traktora koji sudjeluju u
javnom prometu i pristupaju tehnickom pregledu, te anketiranjem obiteljskih gospodarstava
mogu se donijeti slijedeci zakljucci:

obiteljska gospodarstva raspolazu velikim brojem traktora razli¢itog tipa i razliCite
snage s visokom prosje¢nom starosti od 17,7 godina;

u posljednjih deset godina se smanjuje broj prometnih nesre¢a u kojima sudjeluju
poljoprivredni traktori;

iako sluzbena evidencija pokazuje povecanje broja registriranih traktora na podrucju
Vukovarsko-srijemske Zupanije, rezultati ankete na obiteljskim gospodarstvima
ukazuju na jos§ visok postotni udio (52,79 %) neregistriranih traktora;

rezultati akcije Postaje prometne policije Vinkovci u cilju utvrdivanja tehnicke
ispravnosti poljoprivrednih traktora u javnom prometu ukazuju na visok postotni
udio neispravnih traktora (23,33 %);

znacajan je postotni udio (15 %) tehnic¢ki neispravnih traktora na tehnickom
pregledu;

utvrdene nepravilnosti na poljoprivrednim traktorima uglavnom su posljedica loseg
provodenja mjera servisno-preventivnog odrzavanja i

trebalo bi raditi na educiranju vlasnika traktora da spoznaju znacaj servisno-
preventivnog odrzavanja kako za uporabnu pouzdanost i dulji vijek uporabe traktora
tako i za sigurnost prometa.
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AGRICULTURAL TRACTORS AS FACTORS IN
TRAFFIC SAFETY

VLADO JURIC', TOMISLAV JURIC?, DARKO KIS?, RUDOLF EMERT?,
IVAN PLASCAK?

! Policijska postaja Vinkovci, Bana Jelagi¢a 4, 32100 Vinkovci
? Poljoprivredni fakultet u Osijeku, Trg Svetog Trojstva 3, 31000 Osijek

SUMMARY

Agricultural tractors are important factors of a competitive agricultural
production. They are engaged in traffic as motorized vehicles so that their
technical corectness is of major importance. Safty level of traffic and the life of a
tractor could be highly improved by regular and proper service-preventive
maintenance. A research in the Vukovar-Srijem county was conducted in relation
with the determination of the technical correctness of the tractors both subject to
technical inspection and engaged in traffic. Furthermore, a survey including 107
family farms of the county was conducted in order to establish the number of
registered tractors as well as their age. The results showed a high number of
unregistered tractors (53.3%). The percentege of faulty tractors is also high
(23.33%), and despite that they take part in traffic. The percentege of faulty
tractors which were subject to technical inspection is also high (15%). In the last
ten years the number of tractor accidents has decreased.

Key words: Tractor, traffic safety, service-preventive maintenance
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STUDY REGARDING THE SOIL PARTICLES’
KINEMATICS DURING THE ANTE-MOLDBOARD
TILLAGE TOOL’S WORKING PROCESS

S.ST. BIRIS", E. MAICAN", V. VLADUT?, G. PARASCHIV", M. MANEA",
S. BUNGESCU?

D»Ppolitehnica” University of Bucharest Romania,
JINMA Bucharest Romania,
% Agricultural University of Timisoara Romania

SUMMARY

The plough body with ante-moldboard is a Romanian tillage tool, designed to
be a component part of the variable-width ploughs, accomplishing a better
incorporation in soil of the vegetable residues, a better disaggregating of the
furrow, a better leveling of ploughed soil and a better furrow overturning.

In order to find the ante-mouldboard tillage tool’s influence over the working
process, it is necessary to know the trajectories, speeds and accelerations of soil
particles. These parameters allow calculating the mechanical work which is
necessary to overcome the friction and adherence forces, the furrow’s weight and
inertia of mass force.

The soil particles trajectories on the active surface of plough body with ante-
moldboard were experimentally determined through identification of particles’
tracks on these surfaces which were preliminarily covered with a layer of paint
or lacquer.

In this paper it is presented a complex mathematical model regarding the soil
particles kinematics on the plough body with ante-moldboard, which was
subsequent, used to design a simulation computer program. Finally, the
simulation result for the Romanian P-2VA plough body with ante-moldboard is
presented.

Key words: Moldboard, ante-moldboard, plough, soil particle, tillage process

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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INTRODUCTION

Up to the present, due to its exceptional complexity, a kinematical study of the handling
of soil particles by mouldboard ploughs has not been realized in Romania. For the same
reasons, only few studies have been made over the world, one of them begins that of
O’Callaghan and McCoy in 1965 [1]. For the improvement of the mouldboard’s active
surfaces, the creation of a semi empirical model and of a program for computer simulation
was necessary; which will allow the study of particles’ kinematics on those complex
surfaces. The identification of points’ co-ordinate on the soil particles’ trajectory left on
mouldboards, previously covered with paint or lacquer, is necessary for this semi empirical
model. There were identified scratches on the active surface, at 2 cm distance from one
another. Polynomial functions which make the connection between point’s co-ordinates on
soil particles trajectory have been obtained by computation.

The kinematical study of the soil particles, moving on an active surface of a digger-
plough with ante-mouldboard is presented as part of this article. The digger-plough with
ante-mouldboard is a new type of tool of the plough, made in Romania (Figure 1), which
provides a complete soil incorporation of the vegetation residues, insensitive to the
plough’s working-depth, a better crumbling of the soil and a better alignment of the
ploughing surface, due to the furrow’s overturning with an 180 degrees angle [2,3,4,5].

Fig. 1 The plough-body with ante-mouldboard

For the theoretical study of the furrow slice kinematics under the operation of the digger-
plough with ante-mouldboard the following hypoethesis are made [3, 5]:

e The digger-plough with ante-mouldboard is considered to be motionless, the furrow
slice is moving with the same speed and contrary to the constant moving speed of
the plough thus the furrow slice has no acceleration on the moving direction (Ox), its
movement being a swivelling one on a crossing-surface.

e The superior furrow-slice remains in contact with the ante-mouldboard, and the
inferior one remains in contact with the mouldboard on the entire surface of the
digger-plough.
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Study regarding the soil particles' kinematics during the ante-moldboard tillage tool's working process
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Fig. 2 The elementary particle at initial Fig. 3 The elementary particle during of
position tillage process

The superior and the inferior furrow slices can be divided into essential particles
(Fig. 2), their dimension are &x=2 cm, =2 cm. The height of the essential particle
being in contact with the active surface of the mouldboard is ¢%;, and the height of
the elementary prism being in contact with the ante-mouldboard is dz;. Knowing that
the furrow slice’s depth is b, and the working-depth of the mouldboard is a, the
distance between two considered trajectories in the initial state of the furrow is §=2
cm, the number of trajectories taken into consideration is #, (equal with the number
of elementary particles for a cross-section).

It is considered that soil particle’ mass remains constant during the working process.

It is considered that the speed and the acceleration of each elementary particle are
the same with the one of the gravity centres.

The elementary particles’ mass is considered concentrate at the bottom of those, on
the mouldboard and ante-mouldboard contact surface.

THEORETICAL ELEMENTS

The trajectories described by the soil particles on the active surface of the mouldboard
and ante-mouldboard can be emphasise in an experimental way, by identifying the traces
left by these particles on the surfaces which were covered with a layer of paint or
lacquer.The co-ordinates of the points situated on the identified trajectories can be
expressed as polynomial function, depending on the current co-ordinate x. Thus, in the case
of the soil particles being in contact with the mouldboard it may be written:

¢ = Vel

yc=A1+A2-xc+A3~x§+A4~xg+... (1)

xc

z.=B|+B, -xC+B3-x3 +B4~xg+...
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and in the case of the soil particles being in contact with the ante-mouldboard:

Xy =Vyg 't

Y, =C+Cyx,+Cy-x2+Cy- X0 +... )
Za :Dl+D2'XG+D3')C621+D4')C2+...

The soil particle speeds’s constituent from the mouldboard and on the ante-mouldboard,
are:

y =dxc=v
Xc dt Xc
dy, dx 2
Vyc=gi'7;=(A2+2'A3'XC+3'A4'XC+...)'ch (3)
dz,. d
VZC=f-i=(32+z.B3-xc+3-B4-x§+...)-vxc
C
dx
Vxa = dta: X
dy dx 2
Vya:dx—:'Tta:(Cz"r?_'C:;'Xa+3'C4'xa+...)'vxa (4)
dz, d
vm=dz—a-ﬁ=(02+2-D3-xa+3~D4-x§+...)~vm
X, dt

in which v, and v,, will be determined from the continuity condition of the material
discharge (soil) on the mouldboard and ante-mouldboard active surface.

The relative speed of the soil particle is equal with the plough moving speed. To
determine v, and v, constituents, the relative speed of the soil particles is projected onto
the Ox axis. A particle being in a P; point on some trajectory is considered. The relative
speed v of the particle is on tangential path.

To determine the alignment of the relative speed holder in P; point, we take into
consideration the measured co-ordinates of points P;; and P;.; (Fig. 4). The angle o made
from the relative speed holder with the horizontal plane xOy, and the £ angle with the
longitudinal-vertical plane xOz are expressed with sufficient accuracy with these formulas:

Ziy1 —Zi
o; = arctg ’+12 il > (5)
\/(xi+1 = i)+ (i1 = vic1)
and:
B, = arctg i+l = Vi1 ©)
Xi] = Xi—1
It results:
Vi =V-cosa; -cos ff; =v,, -cose; -cos i (7
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y

Fig. 4 The relative speed of the soil particle

The acceleration constituents of the elementary particles on the active surface of the
mouldboard and of the ante-mouldboard are:

a,.=0
ayc:%-%:(2-A3+6-A4-xc+...)-v)2w (8)
a, =%-%=(2-B3+6-B4 X H.) v,

and:
a,, =0
aya:%-%:(2.c3+6.c4-xa+...).v§a )
a, =CZC—Z:-‘Z“—:=(2-D3+6~D4-xa+...)-v§a

PRACTICE

Based on the mathematical models previously shown, an Excel program of computation
table had been developed, program which allows research on the kinematical study of the
soil particles movement on the active surface of the digger-plough with ante-mouldboard
belonging to the P-2VA plough (Fig. 5).
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Fig. 5 Experimental equipment

To make clear by means of examples, eight representative trajectories were chosen, four
from the mouldboard (1,2,3,4) and four from the ante-mouldboard (7,8,9,10), for which the
program determines automatically, through regression analysis, the polynomial function
which makes the connection between y and z co-ordinates and the current x co-ordinate of
the points from the two trajectories chosen, also drawing these dependencies’ diagram
(Figure 6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23).
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Based on the relations (3), (4) and (7) the program is drawing the diagram of speed’s
variation on these three directions, for a moving speed of the plow which in this case is 1,5
m/s (Figure 24, 25, 26).

Identically, based on the relations (8) and (9) the curves representing the acceleration’s
variations on y and z direction are drawing (Figure 27, 28).
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Fig. 22 Co-ordinates y=y(x) of scratch traces

Fig. 23 Co-ordinates z=z(x) of scratch traces
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CONCLUSIONS

This study allows the computer simulation of the mowing process of the soil particles

on some trajectories, identified by experimental measurements on the active surface of

the digger-plough with ante-mouldboard.

The elaborated computation program allows the checking of the lateral misalignment
condition corresponding to the furrow slice (0,6 m/s < v, < 1,2 m/s). As you can see in
this case (Figure 25), this condition is fulfilled with a working speed of 1,5 m/s.

The relations (8) and (9) allow the determination of the acceleration’s constituents of

the soil particles, making the first step in improving the complete study of soil particles’
dynamics under the digger-plough operation.
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ABSTRACT

We present within paper the results of the experimental tests concerning the
usage of the one complex unit which operates in unit with T 190 VALTRA tractor
and which tills by one passing the germinating bed preparation and sowing of
straw crops. For tillage of the germinating bed, the unit is equipped by soil
loosening elements and vertical rotor harrow and for sowing we used a universal
sowing machine having central distribution and two disc shares .We determined
in these conditions the energetic and qualitative indices of the unit.

Key words: tillage, sowing, complex unit

MATERIALS AND METHODES

The (AGPS-24DR) complex aggregate is used for the preparing of germination bed and
sowing, after it was done, separately, the soil basic work with mouldboard plough. In this
way, it is carried out , by only one passing, the preparing of germination bed and sowing.
The complex aggregate have in its structure two machines: a (FRB-3) rotary harrow with
vertical rotors, in front of aggregate, and an (SPU-24DR) universal pneumatic sowing
machine at its rear. The complex aggregate working width is of 3 meters.

The research team established that it can be obtained better results, regarding soil
preservation, if the soil is no-tillaged. More of that, it was established that the soil basic
work, without up-setting the ploughing, must not be done as a separate work.

In this way we considered that the complex aggregate AGPS-24DR could be adapted to
make the soil basic work, without up-setting the ploughing, fact which drives at decreasing
the destructive effects among soil, it decreases also the energy consumption and increase
working productivity.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.

127



I. Tenu, P. Cojocariu, R. Rosca, P. Carlescu

The adapting of (AGPS-24DR) complex unit consists in the mounting on rotary harrow
frame, in front of the rotors with vertical knives, of some active elements for loosening,. So,
by only one passing, three works are realized such as : soil basic work, germination bed
preparing and sowing (figl).

The active elements for loosening of the unploughed soil are mounted on a foot-support,
which is mounted on rotary harrow frame and they are regulated on vertical position

St ey

Fig. 1 Construction of the complex aggregate( AGPS-24DR) equipped with
loosening elements.

The (AGPS-24DR ) complex aggregate for bed germination preparing and sowing,
having special loosening elements mounted in front, is carried by tractor, being acted from
tractor power-take-off (PTO)

During the tests, (AGPS-24DR) complex unit ( having mounted in its front the special
loosening elements ) was used in aggregate with the Valtra T-190 tractor.

Experiments took place in the autumn of 2006, on medium working conditions (cambric
chernozem soil, unploughed, with 36 % clay content, 15% humidity and the specific
resistance at ploughing was 0.45-0.48 daN/cm®. The working deep of the loosening
elements was 15 cm, the working deep of rotary harrow knives was 9 cm.

The goal of the researches was to establish the main qualitative working indices,
energetic and exploitation indices.
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RESULTS AND DISCUSSIONS

The qualitative working indices of the (SPU-24DR) sowing machine

It is well known, the fact that, the most important quality index of the straw cereals at
sowing is the non-uniformity of seeds on machine working width. The experiments
regarding this index were made with wheat, barley, oat and soybean .The sowing machine
was regulated for the following seed norms: wheat — 240 kg/ha, barley — 214 kg/ha, oat —
158 kg/ha and soybean — 212 kg/ha.

The obtained results at experiments regarding the determination of seeds non-uniformity
on sowing machine working width are presented in table 1.

From the data presented on the table ,it finds that, the seeds non-uniformity distribution
on working width varies from 1,78 % to 3.38 % (soybean = 1.78 %, wheat = 1.98 %, oat =
2.75 % and barley = 3.38 %).

The agro-tehnical demands impose that the value of this index of the sowing with
universal sowing machines to be maximum 4% for the straw cereals seeds , pea, soybean.
As it could be saw, the demand is carried out for all the four seeds’ categories.

The better results were obtained at soybean. This is explained by the fact that soybean
flow easily, and the friction index is small.

Small distribution non-uniformity was recorded also at wheat. The seeds of this crop
flow, also, quite easy.

In the case of oat and barley, seeds distribution non-uniformity on machine-working
width had bigger values, due to the fact that these ones flow with difficulty. The friction
index at oat and barley seeds is bigger, due to the fact that are covered with pale (oat) or
pale over sheath (barley).

To establish with much more precision the seeds distribution mode at the 24 furrows ,
we calculate the value, in percent, of the seeds’ quantity deviation collected at each furrow
in comparison with the average quantity per furrow. The obtained results regarding the
percentage deviation at each furrow, for all four seeds categories are presented in table 2.

It can observe that the percentage deviations of the seed quantity collected on each
furrow in comparison with average quantity on furrow, varies like this: wheat, between 0.2
% and 4.8 %; barley, between 0 (zero) and 7.7 %; oat, between 0.15 % and 10,5 %;
soybean , between 0.23 % and 4.07 %.

First of all, we must say that the percentage deviation, on each furrow, must not overpass
10%, indifferently of the fact that is positive or negative. Having in view this demand, it
could say that all four crops carried out the imposed request (even oat seeds, because the
overpass of the 10% limit is very small).

At this crop the greatest deviation had the value of 4.07% (furrow 2). After soybean
follow wheat seeds, at which the greatest deviation was 4.8 % (furrow 8). At barley, the
greatest deviation, of 7.7 % was recorded at furrow 10, and at oat seeds the maximum
deviation was obtained at furrow 23 (10.5 %). The deviations are greater at oat and barley
due to the fact that seeds flow harder, having a greater friction index (are covered with

pale).
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Table I Non-uniformity of seeds on sowing machine-working width

Non-uniformity of seeds on

Crop Seed regulated norm, kg/ha working width, %
Wheat 240 1.98
Barley 214 3.38

Oat 158 2.75
Soybean 212 1.78

Analyzing the sense of deviations, it observe, in generally , that, the negative
deviations against the furrows’ average are recorded to the left hand and right hand sides of
the sowing machine (the firsts and lasts furrows). In the middle zone deviations are, in
generally, positives against average. This situation occurs because the distribution
apparatus achieves the lateral feeding of the ejector

Qualitative working indices of the aggregates for soil processing

Soil processing was done by means of special elements for loosening and with the FRB-
3 rotary harrow with vertical rotors (fig.2.).

The qualitative working indices have been achieved with two units for soil processing
are presented in table 3.

The working width of the (AGPS-24DR) complex aggregate, equipped with special
elements for loosening, was of 298 cm, the difference against the constructive working
width (300 cm) being insignificant.

The working depth of the special elements for soil loosening was 14.7 cm. The
difference in comparison with the regulated depth (15 cm) is very low.

The working depth of FRB-3 rotary harrow with vertical rotors was 9.4 cm, being very
close to the regulated one (9 cm).

The breaking up degree of the processed soil with the two units (loosening elements and
rotary harrow) was of 87.6 %. We consider that the soils’ breaking up was adequate,
because the index value is very close to the imposed minimum limit (90 %).

Soils’ loosening degree was 27 %, being a little bit higher in comparison with the value
imposed by the agro-technical demands (around 25 %).

This outrunning could be explained by the fact that soils’ breaking up degree is relative
small (when the soils’ breaking up degree decreases, the loosening degree of soil increases).
The incorporation degree in soil of the vegetal mass recorded the value of 24%. We
appreciate that the value of this index is adequate, because in the unconventional systems of
soil works it imposes that a great part of the vegetal mass from soils’ surface not to be
incorporated.

The field levelling degree, obtained in our experiments, had the value of 56%. We
consider that this index is also adequate if we take in consideration the fact that the agro-
technical standards impose a value of minimum 30 % for field levelling degree.
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Table 2 Percentage deviation of seed collected quantity on each furrow, against average
quantity on furrow

CROP
Wheat Barley Oat Soybean
Seed Deviation Seed Deviation Seed Deviation Seed Deviation
Furrow  quantity against quantity against quantity against quantity against
kg average kg average kg average kg average
on on on on
furrow % furrow furrow furrow
% % %
1 9.58 -3.8 8.57 -3.9 6.52 -1.2 8.96 +1.36
2 9.86 -1.0 8.67 -2.8 6.61 +0.15 9.20 +4.07
3 9.76 -2.0 8.63 -3.2 6.57 -0.45 9.00 +1.81
4 9.55 -4.1 8.37 -6.2 6.36 -3.6 8.60 -2.70
5 10.07 +1.1 8.92 0 6.50 -1.5 8.80 -0.45
6 10.05 +0.9 8.94 +0.2 6.80 +3.0 8.86 +0.23
7 10.26 +3.0 9.25 +3.7 6.78 +2.7 9.00 +1.81
8 10.44 +4.8 9.19 +3.0 6.94 +5.2 9.10 +2.94
9 10.19 +2.3 9.43 +5.7 6.82 +3.3 9.10 +2.94
10 10.19 +2.3 9.61 +7.7 6.86 +3.9 8.72 -1.35
11 10.36 +4.0 9.41 +5.5 6.95 +5.3 8.90 +0.68
12 10.29 +3.3 9.45 +5.9 6.80 +3.0 8.56 -3.17
13 10.11 +1.5 9.27 +3.9 6.77 +2.6 8.54 -3.32
14 10.01 +0.5 9.18 +2.9 6.64 +0.6 8.79 -0.56
15 9.89 -0.7 9.00 +0.9 6.67 +1.0 8.56 -3.17
16 9.72 -2.4 8.80 -1.3 6.45 -2.3 8.60 -2.71
17 9.86 -1.0 9.06 +1.5 6.49 -1.7 8.76 -0.90
18 9.89 -0.7 8.83 -1.0 6.67 +1.0 8.58 -2.94
19 10.02 +0.6 8.88 -0.4 6.55 -0.8 8.88 +0.45
20 9.98 +0.2 8.56 -4.0 6.62 +0.3 8.88 +0.45
21 9.71 -2.5 8.61 -3.5 6.07 -8.0 8.74 -1.13
22 9.75 -2.1 8.49 -4.8 6.38 -3.3 8.81 -0.33
23 9.82 -1.4 8.72 -2.7 5.91 -10.5 9.06 +2.49
24 9.84 -1.2 8.34 -6.5 6.63 +0.5 8.89 +1.58
SUM  239.20 - 214.18 - 158.36 - 212.06 -
Average

on 9.96 - 8.92 - 6.60 - 8.84 -

furrow
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Table 3 Qualitative working indices achieved by the units for soil processing

Quality indexes Values
Working average width, cm 298.00
Average working depth of the loosening elements, cm 14.70
Average working depth of the rotary harrow, cm 9.40
Soils’ breaking up degree, % 87.60
Soils’ loosening degree, % 27.00
The degree of incorporation in soil of the vegetal mass, % 24.00
Field levelling degree, % 56.00

Fig. 2 Determination of agricultural aggregates' T-190+ AGPS-24DR. qualitative working
and energetic indices

Energetic and exploitation indices of the aggregate formed by

Valtra T-190+AGPS-24DR equipped with special loosening elements

The main energetic and exploitation indices determined in our experiments are presented
in table 4.

The traction resistance of the complex unit (AGPS-24DR) with special loosening eleme-
nts was 452 daN. The obtained value is small, because the working depth of the loosening
elements was reduced. Also ,due to the constructive particularities and their position, the
special loosening organs oppose a relative small resistance during working process.
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Tractors’ slip, 8.2 %, is adequate, being smaller than the impose limit by the agro-
technical demands, of maximum 15-20 %, for the wheel tractors and on moving on stubble
field (compacted soils).

The hourly fuel consumption was 20.40 kg/h, being higher with 3.2 kg/h against the
consumption of( AGPS-24DR) complex unit without loosening organs. The increase of the
fuel consumption is due only to the special elements for loosening which were mounted on
the complex aggregate.

The usage index of shift time was 0.60, and the working capacity in one hour from
shift time recorded the value of 1.04 ha/h. We appreciate that the real hourly productivity is
big enough, if we have in view the fact that at only one passing are made three works: soils’
basic work, germination bed preparing and sowing.

Table 4 Energetic and exploitation indices of the aggregate formed by Valtra T-
190+AGPS-24DR equipped with special loosening organs

Determined indices Values
Working speed of the aggregate, km/h 5.8
Traction resistance of the complex unit, daN 452
Tractors’ drive wheel slip, % 8.2
Hourly fuel consumption, kg/h 20.4
Usage index of shift time Ko, 0.60
Working capacity in one hour from the effective working time W), ha/h 1.73
Working capacity in one hour from shift time Wy;, ha/h 1.04
Working capacity on a 8 hours shift W, ha/shift 8.32
Specific fuel consumption q., I/ha 15.62

The specific fuel consumption, on the worked square unit, was 15.62 1/ha, being higher
then the consumption in the case of (AGPS-24DR) complex unit without loosening organs,
with 3.13 1/ha. We consider that the carried out consumption, 15.62 l/ha, is a small
consumption. So, in the case of (AGPS-24DR) complex unit with special loosening
elements , for soils’ basic work, the consumption is only 3.13 1/ha; and at the usage of
mouldboard plough for making the ploughing, the fuel consumption is higher, at least 20
1/ha.

CONCLUSIONS

1. Qualitative working indices of SPU-24DR sowing machine and the ones achieved by
the two units for soil processing are adequate, being into the limits imposed by the agro-
technical demands.

2. We consider that the determined energetic indices, traction resistance of the complex
aggregate, tractors’ slip and hourly fuel consumption, are in according with the imposed
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demands. Hourly fuel consumption is much smaller in comparison with the summed
consumption of those three units for making in a separate way of the works: ploughing,
germination bed preparing , sowing.

. Working capacity of the (AGPS-24DR) complex unit equipped with special loosening
elements is, also, much higher than the working capacity of ploughing aggregates,
germination bed preparing aggregates and sowing aggregates, used when a new crop is
settled up.

Fuel consumption per hectare of the (AGPS-24DR) complex unit with special loosening
elements is much smaller than the one in the case in which are made three different
works: ploughing, germination bed preparing and sowing.

. By decreasing the aggregates’ numbers of passing on the same field the destructive
effects of the passing are diminished.
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SUMMARY

Researches regarding new soil preparation technologies that can lead to a
reduced degree of soil degradation are worldwide under way. Mostly, the
outcome of a new technology is a machine with improved performances. Once
Romania joined the European Union, many researchers from our country have
focused their efforts towards finding technologies and soil preparation machines
that meet the demands of sustainable agriculture.

This paper presents an agricultural machine made of a plough and a tillage
cutter, driven by means of a 65 HP tractor. The advantage of this system consists
of an optimum soil preparation in only one pass, taking into account the
subsequent seeding process. The machine was tested on specific soils from
southern part of Romania. Results were compared with those from classic
technologies used in the preparation of germinating layer. Among other
advantages, reduced fuel consumption (which also means a reduced degree of
pollution) and also a reduced soil compaction are the most important aspects
revealed by experiments.

Key words: tillage cutter, ploughing, fuel consumption, soil compaction

INTRODUCTION

Starting from the idea that the soil is a humanity wealth, researchers all over the world
are looking permanently for new solutions of agricultural machinery that better protects the
soil during its preparation.
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Another idea that underlies this study consists in the identification of solutions for fuel
consumption reduction, taking into consideration that soil preparation for establishment of
new crops has the highest weight in agricultural fuel consumption.

In this respect, researchers seek to develop new soil preparation technologies that are
able to increase harvest but, in the same time, to keep at their lowest levels the soil
degradation and fuel consumption. Famous companies have materialized this challenge in
the development of new agricultural units that can make multiple types of soil preparation
in one pass, replacing the ploughing.

An important building block of these units is the soil preparation active part, which
usualy consists of a tillage cutter with horizontal or vertical rotors. A consenquential aspect
has resulted from the theoretical study of working process made by this units: in case of
tillage cutters with horizontal rotor where the direction of rotation is from the upper side
towards the soil, the cutting resistance force has an horizontal component that pushes the
tractor forward.

Starting from this theoretical aspect and from the idea of replacing the toothed harrow
which works together with the suspended plough in order to hoe, level and tamp the soil, a
combined unit consisting of a suspended plough and a tillage cutter was developed.

MATERIAL AND METHOD

This unit consists of the suspended Romanian plough PP3 and a tillage cutter working at
an angle with the longitudinal tractor’s axle [1]. Figures 1 and 2 present the plough (/)
which is coupled to the tractor by means of the three-point linkage (2), and the tillage cutter
(3). On the plough’s frame, in line with the first plow, is welded a base plate which
supports the bevel gear reducer (4) whose role is to change the direction of rotation which
is transmited from the power take-off (5) through a universal joint-drive. The tillage cutter
is jointed in a vertical plane towards the plough by means of catch (6) and box bed (7). The
double acting cylinder (&) can rotate the tillage cutter in a vertical plane towards the plough
when the tractor prepares for transport on public roads.

Fig. 1 Soil preparation experimental unit: 1 — suspended plough; 2 — three-point linkage;
3 —tillage cutter; 4 — bevel gear reducer; 5 — power take-off; 6 — catch.
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Fig. 2 Soil preparation experimental unit: 7 — box bed; 8 — double acting cylinder;
9 — safety clutch; 10 — central transmission; 11 — tillage cutter’s rotor

The tillage cutter (Fig. 3) consists of a box bed (/) which supports in its central part
the rotor (2), which is covered by the outer casing (3). On the rotor axle there are mounted
the disks (4) with their knives (5). The tillage cutter has crosshead slippers (6) for
supporting it during its movement on the soil and also for adjusting the working depth. The
horizontality of the tillage cutter is adjusted by means of a screw and bolt mechanism (7).
The cover (8) jointed on the casing is placed at the posterior side; its role is to uniform the
prepared soil. The arrangement of the cover in respect with the casing can be adjusted by
means of a screw and spring mechanism (9).

Fig. 3 The tillage cutter from the experimental soil preparation unit: 1 —box bed; 2 — tillage
cutter’s rotor; 3 — casing; 4 — knives holding disks; 5 — knives; 6 — crosshead slippers for
movement and working depth adjustment
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As some details are not visible on figure 3, these were represented in figure 4.

Fig. 4 The tillage cutter from the experimental soil preparation unit: 7 — screw and bolt
mechanism for adjustement of the of the tillage cutter’s rotor’s horizontality; 8 — cover;
9 — mechanism for adjustment of the cover’s position in respect to the casing

The Romanian PP 3 — 30 plough works with U-650 tractor and can perform 15-30 cm
depth ploughing, in soils with up to 0,9 daN/cm® ploughing resistance. Its frame can be
made from two sections of iron tube when it is necessary to be equiped with four plows.
The plows have antemouldboards and shovels with chisel-shape heads, with self
sharpening. A device with shearing bolt protects each plow in case of additional load.

The tillage cutter from the experimental unit replaces the toothed harrow which hoes,
levels and tamps the fresh ploughed soil. Figure 5 shows that, during the working process,
the tillage cutter works at an angle towards the tractor’s longitudinal axle, and prepares the
soil which was ploughed during the previous unit pass. The unit is obtained after the tillage
cutter is coupled with the plough in line with the first plow by means of a fastener. Its rotor
consistes of an axle which is driven on its central part, and which supports six knives
holding disks (4) (Fig. 3). Each disk has four L-shaped knives (5), which are mounted
alternatively to the left and to the right in a shape of a loop with four beginnings. This
arangement provides soil preparation on the whole width of the tillage cutter.

The rotor receives power from the 65 HP tractor’s power take-off by means of the
central transmission. This one is made of a universal joint, bevel gear reducer, lateral
transmission and final transmision. The universal joint couples the power take-off shaft and
bevel gear reducer (4). According to the way the reducer is mounted on the frame, it can
provide two gear ratio for the tilage cutter’s rotor, respectively i; =0,75and i, =115 . These

ratios cause two speeds for the rotor: n; = 405 rpm respectively n, = 620 rpm.

The lateral transmission undertakes the movement from the reducer and transmites it to
the rotor by means of the final transmision. Among its components there are two universal
joints which allow the tillage cutter to be raised from the furrow without interupting the
transmited power. A safety clutch protects the kinematical components from the frequent
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overloads generated both by the soil inhomogeneity and by different obstacles that can be
found in the soil (rocks, roots etc.). The safety clutch allows the adjustment of the
maximum transmited torque by means of springs and friction disks.

Fig. 5 The tillage cutter works at an angle towards the tractor’s longitudinal axle

The final transmission is a chain drive with a gear ratio of 1, and it drives the rotor in its
central part for a better balance. A casing filled with lubrication oil covers the transmision.

Experiments were also made in the field with the following classical units, in order to
compare them with the above described one: (a) U650 tractor (65 HP) — PP3 plough; (b)
U650 — PP3 plough — GS toothed harrow.

RESULTS AND DISCUSSIONS

As part of the experiments, the fuel consumption was determined for all the three units
tested. This consumption was registered for each test, regardless of the tractor’s gear and
plough working depth.

Taking count of the demands regarding the ploughing process, following there will be
taken into consideration only the tests made in third gear — slow regime. Table 1 presents
consumption for all three above mentioned units.
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Table 1 Fuel consumption for three types of units

Hourly fuel consumption

Working speed [km/h
Unit Test g Sp! [ ] [kg/h]
number
theoretical real Ch; Ch,,
1. 3,61 11,86
U 650 + PP3 +tillage 2. 4,24 3,58 11,98 11,95
cutter
3. 3,60 12,02
1. 3,36 9,15
9,20
U 650 + PP3 + GS 2. 424 3,27 9,24
3. 3,49 9,22
1. 3,42 9,10
U 650 + PP3 2. 424 347 9,03 8,99
3. 3,51 8,85

From the data mentioned in table 1, the following conclusion can be argued:
o the lowest fuel consumption is registered in case of the third unit (U 650 + PP3);

e in case of the second unit (U650 + PP3 + GS) the fuel consumption increases due to
the toothed harrow, which increases the resistant force with 50...150 daN;

o the first unit (U 650 + PP3 + tillage cutter) is the biggest fuel consumption among
the three presented units, due to the fact that supplementary power needs to be
delivered through the power take-off.

However, the utility of the working process should be analysed also by taking into
consideration the quality of the prepared soil. The registered performance index during
experimentations was the degree of soil size reduction. Table 2 and figure 6 show the
values of this index for all three units.

Basic soil preparation is made in good conditions if soil fractions with the conventional
dimension less than 5 cm represent more than 75% [3]. Unit made of the U650 tractor and
PP3 plough do not comply with this demand (Fig. 6) so, in this case, a minimum of two
more passes with disk harrows are necessary.

Table 2 Degree of soil size reduction

U 650 + PP3 + tillage

Lumps diameter cutter U 650 + PP3 + GS U 650 + PP3
> 100 mm - 16,5 % 22,2 %
50 — 100 mm 1,2 % 7,7 % 9,5 %
40 — 50 mm 5,2 % 234% (30-50mm) 17,2 % (30 — 50 mm)
30 — 40 mm 15,6 %
<30 mm 78,0 % 52,4 % 51,1 %
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030 -50 mm 20,8 23,4 9,5
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B> 100 mm 0 16,5 22,2
Unit type

Fig. 6 Comparative study on the degree of soil size reduction for three unit types: Unit 1: U
650 + PP3 + tillage cutter; Unit 2: U 650 + PP3 + GS; Unit 3: U 650 + PP3

Also, the unit consisting of U 650 + PP3 + GS is on the upper limit, so it is necessary too
to make at least one supplementary pass with a disk harrow.

However, the unit which includes the tillage cutter has achieved a degree of soil size
reduction (98,8% of soil fractions with the conventional dimension less than 5 cm). In this
case no more soil preparation suplemental passes are needed. Also beneficial for the
developing crops, in this case there are obtained better values for soil aeration (25%) and a
good leveling.

Taking into consideration the argues that tillage cutters produce immoderate soil
crushing, this aspect was also of concern. It was revealed that the tillage cutter used in the
experiments, with the choosen working regimes (rotor and tractor speeds), didn’t produced
dust.

To better illustrate the quality of the work, figures 7, 8 and 9 show the soil after
preparation with each type of unit.

Figure 10 presents the working process (soil grinding and levelling) using the unit made
of U 650 + PP3 + tillage cutter, as well as the of the final farming quality.
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Fig. 7 Tillage quality made with Fig. 8 Tillage quality made with
U 650 + PP3 + tillage cutter U 650 + PP3 + GS

Fig. 9 Tillage quality made with Fig. 10 Working process with
U 650 + PP3 U 650 + PP3 + tillage cutter
CONCLUSIONS

As it was mentioned in the former chapter, the fuel consumption for the U 650 + PP3 +
tillage cutter unit is higher than for the other two units. But, if the farming quality is
considered, this unit if by far superior in comparison with the other two. In order to have
the same quality with the other units, there are necessary multiple supplemetary passes that
finally contribute to a higher fuel consumption.

Figure 11 shows a comparative study for different kind of units, from a fuel consumption
point of view. The degree of soil grinding was considered the same for each unit, namely
the farming quality is adequat for sowing.
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Fig. 11 Comparartive study of fuel consumptions
1 — U650+PP3+tillage cutter;
2 —U650+PP3+GS, followed by one pass with GD-4;
3 — U650+PP3+GS, followed by two passes with GD-4;
4 —U650+PP3+GS, followed by one pass with GD-3,2+GCR1,7;
5 —U650+PP3+GS, followed by one pass with GD-4+3NT-1,4;
6 — U650+PP3+GS, followed by one pass with CCT-4

Another very important aspect regarding the U650 +PP3 + tillage cutter unit, is the
reduced number of passes on the land, which adds its contribution to the reduction of the
soil compaction phenomenon.
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SUMMARY

This paper shows the results of analysis of soil compaction influence on wheat
yield on headland and inner part of a field, chemical and biological changes in
soil. During the 5 years investigation, soil compaction at sowing was 30.56%
greater on headland than in the inner part, while during harvest, there was an
increase of 37.65% in soil compaction.

Large number of passages, which caused intensified soil compaction on head-
lands, poor conditions for the root system development, and poor microbiological
activities led to yield reduction, which was 31.55% in total mass and 26.39% in
dry grain mass. Chemical analysis of soil on headland and in the inner part of a
field showed higher humus concentration on headlands, due to poor microbiolo-
gical activities.

Key words: headland, soil compaction, soil chemical properties, yield, wheat

INTRODUCTION

This paper shows the results of analysis of soil compaction influence on wheat yield on
headland and inner part of a field. The tractor and mobile system motions can be divided
into two groups: movement on the inner part of a field and movement on headlands. The
both mentioned types of movement lead to soil compaction, but with different intensity,
Ronai (1989) and Schwngart (1991). The movement of tractors and other mobile systems
on headland result in greater soil compaction because of the slower motion during the
turnings. The lower movement speeds allow soil to be subjected to the effects of normal
pressure for a longer period, which enables its greater compaction. Besides lower speeds,
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the numbers of passages on headlands, as well as increased specific ground pressure exert
influence on soil compaction increase. The number of passages over a field affects not only
the depth of wheel tracks but also the compacted area. The number of passages is higher on
headlands than on the inner part of a field. This increase is due to the turnings of tractor
systems which could be performed in different ways (pear like dead-eye, swallow’s tail).
The way of attaching the implements also exerts influence on soil compaction on the
headlands. Mounted and semi-mounted implements for soil cultivating, sowing, crop
protection and row cultivating, during the turning on headland, are raised in transportable
position, which causes distribution of implement weights and weight distribution from front
to rear axle. Although headlands takes little part of fields if we want to use fields
completely we should pay attention to headland, especially if look problem through the
"precision farming". The subjects of research were: intensity of soil compaction — cone
index; soil chemical properties; microbiological activities in soil and wheat yield.

MATHERIALS AND METHODS

Location choice

Due to the fact that there is no possibility for growing wheat on the same field for five
years, the neighbouring fields on the same land were chosen. Intensity of soil compaction
was measured by electronic penetrometer Findlay Irvine Ltd with an angle of 30° and base
diameter of 12.83 mm according to ASAE Standard (1993). Cone resistance was measured
in 10 replicates, on 3 sites with 3 metres distance in width between the measuring spots,
and on 3 sites with 6 metres distance in length between the measuring spots, on both the
headland and inner part of the field. The soil samples were taken from the same locations in
order to determine the chemical soil properties and microbiological activities in the soil.
The mentioned measuring scheme and soil samples extraction were done in 3 replicates.
The special attention was paid to depth from 10-25 cm because it represents the level which
is tilled by plough. Measurement was carried out two times during the vegetation, at the
beginning and at the end of the vegetation. The achieved yields were measured at the end of
the vegetation (Figure 1).

N PSS

a) after sowing o b) before harvestin

Figure 1 Observed field
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The experiment lasted 5 years - from 2003 to 2007 and the results were published by
Jarak et al. (2004, 2005 and 2006), Nikolic et al. (2006), Savin et al. (2003 and 2004) and
Simikic et al. (2005). In order to examine the headlands, fields next to the road were chosen
so that the turning of tractor and mobile systems could be performed only on the field, thus
forming the headland. The width of a headland was 12 m. The type of soil was chernozem
calcareous on loess terrace.

Applied production technology

For winter wheat production the tillage was conventional, done with ploughs. The same
agro technique was repeated during all researched years (Table 1). Pre culture was always
soybean. During the research years, the same tractors, implements and harvester were used.

Table 1 Technology for wheat production

Tractor Implement
N° Field operation Power  Weight  Working width Weight
W)  (kg) (m) (ke)
1.  Fertilizing 60 3900 18 312
2. Primary tillage 172 9220 2 2500
3. Secondary tillage and sowing 172 9220 4 989
4.  Fertilizing 60 3900 18 312
5. Crop protection 60 3900 18 1508
6.  Fertilizing 60 3900 18 312
7. Crop protection 60 3900 18 1508
8. Harvesting 216 6 11864

Four passages, 2 for supplementary feed and 2 for wheat protection, were made between sowing and harvesting.

Investigation of the soil chemical properties
Laboratory analyses included the following parameters of soil fertility:

e pH value in soil suspension with potassium chloride (10 g : 25 cm’, determined
potentiometrically),

e (CaCO; content — by the volumetric method, with a calcimeter after Scheibler.
e humus content — by the method of Tjurin;
e total content of nitrogen - by CHNS analyzer

e available phosphorus (extraction with ammonium lactate) - AL method; phosphorus
content by the blue method in a spectrophotometer

e available potassium (extraction with ammonium lactate) - AL method; potassium
content determined by the flame photometer
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Investigation of the microbiological activities in soil

Microbiological activity was investigated according to the total number of micro-
organisms, nitric bacteria and dehydrogenase activity. The number of micro-organisms was
determined after sowing a rarified soil suspension on suitble supplementary feed. Total
number of micro-organisms was determined according to the Poshon and Tardiux method
(1963). Nitric bacteria occurence was determined on Fyodor dish by a method involving
fertilizing drops (Anderson, 1965). The number of micro-organisms was determined for 1
gram of completely dry soil. Dehydrogenase activity was determined by spectrometric
method according to Thalmannu (1968).

RESULTS

In 2006, in the sowing phase, cone index on headlands amounted 1.45 MPa, while in the
inner part of a field, it was 1.05 MPa. Both results apply to a depth of 7-21 cm (Figure 2).
The same measurements made before the harvest resulted in 1.42 MPa and 0.97 MPa,
respectively for headlands and the inner part of the field.
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Figure 2 Intensity of soil compaction, 2006/2007

Cone index depends on soil moisture to a considerable extent. The greatest soil compact-
ion on headlands occurred in 2002 and 2003 during harvesting, with an increase of 45.50%,
whereas soil moisture was lowest, 9.62% (Table 2). The slightest difference in cone index,
measured after sowing and before harvesting, was in 2006 and 2007, due to higher soil
moisture before harvesting. Furthermore, the spring of 2007 was particularly rainy,
resulting in high soil moisture at different depths and during harvesting. On average the
cone index on headlands after sowing was 30.56% higher in comparison with the inner part
of a field. The passages formed during spraying and fertilizing caused more intensive soil
compaction on headlands, and it was 37.65% higher, compared with the remaining field
area.
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Table 2 Intensity of soil compaction at depth of 7 - 21 cm

o Measuring Soil moisture Cone index (MPa) Increasing
N Year . o o
time (%) Headland  Inner part of field (%)
Sowing 23.78 1.52 1.19 27.73
1. 2002/03
Harvesting 9.62 3.07 2.11 45.50
Sowing 24.63 1.69 1.34 26.12
2. 2003/04
Harvesting 16.29 2.23 1.70 31.18
Sowing 22.86 1.69 1.34 26.12
3. 2004/05
Harvesting 17.25 231 1.72 34.30
Sowing 18.64 1.58 1.17 35.04
4. 2005/06
Harvesting 17.17 2.38 1.82 30.77
Sowing 18.51 1.44 1.05 37.14
5. 2006/07
Harvesting 21.50 1.42 0.97 46.39

Intensive soil compaction on headlands resulted in poor development conditions for the
root system and weak microbiological activities, which caused huge differences between
yields on headland and the rest of a field (Table 3). The smallest difference in returns of dry
grain mass was 16.54%, obtained in 2003, while the greatest difference was 44.86%
obtained in 2007. For all five years average total mass decreasing amounts 31.55%, and dry
grain mass amounts 26.39%.

Table 3 Wheat yield on headland and inner part of a field, at grain moisture 14%

. Yield (t/ha) Decreasing
N Year Parameters Headland Innef{ part of (%)
ield

1. 2003 Total yield 6.41 8.18 21.63
Grain mass 3.22 3.88 16.54

2. 2004 Total yield 8.62 13.01 33.74
Grain mass 3.73 5.58 33.15

3. 2005 Total yield 8.29 10.23 18.96
Grain mass 4.09 4.95 17.37

4. 2006 Total yield 7.29 10.87 32.29
Grain mass 3.83 4.79 20.04

5. 2007 Total yield 6.25 12.80 51.17
Grain mass 2.74 4.97 44.86
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Soil chemical properties were determined so that the influence of soil compaction on
crop yield could be observed. In the case of wheat, the tested soil samples taken from
different parts of the fields belong to the class of mild alkaline soils (Table 4), according to
the pH value determined in soil suspension with KCI solution.

Table 4 Soil chemical properties

Depth Year
Soil chemical Locationof  ofthe
properties  thesample  sample 2002/03 2003/04 2004/05 2005/06 2006/07
(cm)

sowing harwesting sowing harwesting sowing harwesting sowing harwesting sowing harwesting

headland 10-25 733 746 746 6.85 740 7.54 741 7.50 743 7.68

inKCL
inner part 10-25 740 748 7.50 6.86 7.61 7.75 7.54 7.69 7.52 7.67
pH
headland 10-25 846 822 835 7.58 838 834 8.58 857 841 841
inH,0
inner part 10-25 8.57 844 846 7.36 848 8.50 8.66 8.62 844 853
CaCos headland 10-25 1054 1092 1072 9.65 11.16  11.73 9.30 980 2383 2256
%
’ inner part 10-25 1072 1134 1416 1175 1161 1187 1021 1021 2778 2407
headland 10-25 384 371 3.62 3.39 348 323 422 387 347 329
Humus
0,
% inner part 10-25 3.50 341 374 335 326 3.18 4.04 375 345 332
headland 10-25 0.25 0.26 024 0.26 025 0.26 0.25 027 024 0.23
Total N %
inner part 1025 0266 027 026 023 025 0.26 027 026 023 021
headland 1025 2819 2648  29.1 282 2468 2018 3220 2313 2383 214
AL-P,Os
mg/100g |
inner part 1025 2520 2172 247 221 2021 1724 2913 2183 24 2006
headland 1025 2082 1728 177 164 2218 2036 2757 2453 1477 1287
ALK,O
mg/100 g

inner part 1025 1770 1593 223 14.5 1841 1461 2597 1850 1170 824

According to the CaCOj level in the soil, the soil samples belong to the class of carbo-
nate-rich soils. The soil samples taken from the ploughed layer (10-25 cm) of headlands
contain higher level of humus (a class of humus soils) in comparison to those taken from
the central part of the field (a class of low humus soils). The average content of humus on
headlands during five-year investigation amounts 3.66%, while in the inner part of fields is
smaller and amounts 3.50%. This could be related to greater soil compaction on headlands
which contributes to the reduction of microbiological activity and intensity of humus
mineralization. According to the total level of nitrogen, surface samples belong to the class
of soil with high level. During the five-year investigation, the average content of total N on
headlands and in the inner part of fields was the same and amounted 0.25%.
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Values of the tested macronutrient content — phosphorus and potassium, show that the
tested soils on headlands belong to the class with high content. Samples from the central
part of the field belong to the class with high level of phosphorus and extremely high level
of potassium. The average content of phosphorus on headlands amounts 25.74 mg/100g,
while in the inner part of fields is smaller and amounts 22.46 mg/100g. The average content
of potassium on headlands amounts 19.45 mg/100g, while in the inner part of fields is
smaller and amounts 16.79 mg/100g. The lowest potassium content was measured in 2006
and 2007, which could be explained by poor fertilization during previous years.

Micro-organisms are live constituents of the soil, but also the indicators of favourable
soil conditions for agricultural production. In these researches the values of microbiological
parameters point to substantial number and activity of micro-organisms in the tested soil
samples, what is understandable for the tested type of the soil (chernozem calcareous).
However, the differences can be observed between the soil samples taken from the
headland and those taken from the inner part of the field. The total number of micro-
organisms and nitric bacteria was higher in the inner part of the field, which could be
explained by deteriorated structure and weak soil aeration on headlands, caused by frequent
stepping (Table 5). The average number of micro-organisms on headlands amounts 7.92
TN (log No), while in the inner part of fields is higher and amounts 8.11 TN (log No). The
average number of nitric bacteria on headlands amounts 3.48 Azb (log No), while in the
inner part of fields is higher and amounts 3.55 Azb (log No).

Table 5 Microbiological soil structure

Depth of Year
Microbiological ~ Location of the
soilstucture - the sample S‘EHIP)IC 2003/04 200405 2005/06 200607
cm

Total number of headland 10-25 794 795 9.01 8.55 7.86 744 764 693
microorganisms

—TN (log No) inner part 10-25 828 834 929 8.60 832 7.68 7.70 7.11

Number of nitric headland 10-25 3.14 278 339 344 450 426 298 339

bacteria— Azb
(log No) inerpat  10-25 313 297 341 344 451 425 307 365

Dehydrogenase headland 10-25 1462 850 1463 1022 1320 1190 890 960

activity (mg TPF
g] land) inner part 10-25 1414 1075 1414 1366 1314 1200 1020 1130

151



L. Savin, R. Nikoli¢, M. Simiki¢, T. Furman, M. Tomi¢, S. Puri¢, J. Vasin

CONCLUSIONS

On the basis of the research carried out, following conclusions can be formulated:

an average increasing of soil compaction on headlands with regard to the rest of a
field was 30.56% after sowing and 37.65% before harvesting;

yield decrease on headlands was approximately 26% compared with the inner part of
a field;

soil samples from headlands contain higher level of humus (a class of humus soils)
in comparison with those taken from the inner part of the field (a class of low humus
soils), which is explained by greater soil compaction on headlands, reduction of
microbiological activity and intensity of humus mineralization;

number of the tested micro-organism groups is high and typical for the tested type of
soil. Total number of micro-organisms and nitric bacteria was higher in the inner
part of the field, which could be explained by deteriorated structure and weak soil
aeration on headlands.

subsoiler should be used on headlands for better soil aeration.
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SAZETAK

Na pokusnoj parceli pilot projekta ,, Znanjem u proizvodnju hrane“ radne
povrsine 9 x 1800 m’ (16200 m’) postavijen je pokus s 3 varijante obrade tla
konvencionalna, reducirana i no-tillage u 3 repeticije. Predusjev je Se¢erna repa.
Obrada tla i priprema za sjetvu obavljene su 4. listopada 2006. godine. Oranje je
obavljeno lemesnim plugom Regent-Saturn 700 SCX prikljucenim na traktor
snage 129 kW. Tanjuranje je obavljeno tanjuracom OLT-Neretva, prikljucenom
na traktor snage 136 kW.Prema rezultatima analize tla i pretkulturi aplicirano je
granulirano mineralno gnojivo UREA. Sjetva varijateta Mura s podesenom
normom od 197 kg obavljena je za sve repeticije i varijante sijacicom John Deere
750 A.. Radni zahvat sijacice je 6m, prikljucena na traktor snage 136 kW, s
pogonom na sva Cetiri kotaca s udvojenim prneumaticima. Zetva su obavili
kombajni domace proizvodnje Puro Pakovié tip Hydroliner 36.20 opremljeni
Zitim adapterom radnog zahvata 5,5 m. Najmanji prinos od 3,103 t ha' izmjeren
Jje na no-tillage varijanti obrade tla bez aplikacije dusika, a najvisi od 5,078 t ha'

ostvaren je na konvencionalnoj varijanti obrade tla sa aplikacijom dusika u dozi
od 140 kg ha.

Kljucne rijeci: konvencionalna, reducirana, no tillage, obrada tla, prinos

UvOD

Psenica je u Republici Hrvatskoj najzastupljenija zitarica. U 2006 godini ukupne zasija-
ne povrsine pod pSenicom iznosile su 177.403 hektara (6). Od toga je 134.090 zasijano od
strane OPG, dok su pravne osobe 2006. godine pod pSenicom imale zasijano 43.313
hektara. Ovaj znanstveno-istrazivacki rad rezultat je Pilot projekta ,,Znanjem u proizvodnju
hrane*. Tradicionalna praksa u obradi tla temelji se na razli¢itim zahvatima osnovne obrade
kojima se tlo dovodi u grudasto stanje i dalje se zahvatima predsjetvene pripreme usitnjava,
ponovo zbija i ravna (1, 3). Moderniji pristup, odnosno uvodenje reducirane obrade tla u

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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tehnologiju proizvodnje strnih Zzitarica i okopavina sve se viSe primjenjuje u RH (4, 5).
Neki autori govore i o tre¢oj zoni, koja bi bila rezervirana za prolaze transportnih sredstava
ili kotaca traktora pri obavljanju svih zahvata u uzgoju kultura. To su tzv. "stalni tragovi"
koji bi bitno smanjili gaZenja po tlu namjenjenom za normalan rast i razvoj usjeva.

Tradicionalnoj obradi tla sve viSe se namecu:

- novija dostignu¢a znanosti o tlu

- dostignuca na polju poljodjelske tehnike (strojevi i oruda)
- zahtjevi prakse za pojednostavljenjem obrade tla

Cilj istraZivanja je utvrditi moguénosti primjene razliCitih sustava obrade tla, te utvrditi
agrotehnicke razlike izmedu varijanti i njihov utjecaj na prinos i ekonomske pokazatelje

Q).

MATERIJAL I METODE

IstraZivanja na ozimoj pSenici obavljena su na proizvodnim poljima «Zito» d.d., ,,Agrar-
Novi d.o.o., Antunovac. Istrazivanje se temeljilo na tri razli¢ita sustava obrade tla i tri
razine opskrbljenosti dusikom. Dimenzije osnovne parcele obrade tla je 1800m*(18m x
100m), a osnovna gnojidbena parcela je 600m* (6m x 100m). Pokus je izveden u tri
repeticije sluajnog rasporeda parcela. Repeticije su odjeljene zastitnim pojasevima Sirine
20 m, radi izbjegavanja gazenja pokusnih parcelica prilikom rada agregata. Ukupna
povrsina obuhvatila je 4 ha (tretmani obrade tla + zastitni pojasevi).

Sa istrazivane povrSine uzeti su uzorci tla za uobicajene analize radi utvrdivanja opc¢ih
karakteristika hranidbenog potencijala tla. Na temelju rezultata kemijske analize utvrdeno
je kako je tlo zadovoljavajuée kvalitete (humus, pH) te da sadrzi dovoljne koli¢ine P i K
koji ¢e biti potrebni pSenici u nadolazecoj vegetaciji. Kao predusjev ozimoj psenici bila je
Secerna repa $to je bila otegotna okolnost s obzirom na zbijenost tla (posljedica koristenja
teske mehanizacije pri vadenju Secerne repe). Gnojidba usjeva je obavljena u vise obroka, i
to: u jesen prije obrade tla i u prihranama u proljece. Gnojidbeni tretmani temeljili su se na
dvije razine opskrbljenosti dusikom (140 kg Gistog N ha™ i 80 kg &istog N ha™) uz kontrolu
bez aplikacije duSi¢nih gnojiva. Vaganje uroda obavljeno je stacionarnom vagom na
ekonomiji tvrtke Zito d.d. Agrar-Novi d.o.0., Antunovac. Izvor meteorolokih podataka je
Hrvatska kontrola zrac¢ne plovidbe d.o.o. Zagreb Podruznica Osijek Odjel zrakoplovne
meteorologije. Obrada tla i priprema za sjetvu obavljene su 4. listopada 2007. godine.
Varijante obrade tla bile su slijedece:

Oranje

Oranje je obavljeno lemesnim plugom tipa Regent Saturn 700 SCX prikljucenim na
traktor John Deere 7810 snage 129 kW s pogonom na sva Cetiri kotac¢a, godina proizvodnje
1998, dimenzije pneumatika 18.4 R42 i 16.9 R28. Na operaciju oranja utjecali su faktor
klimatskih ¢imbenika i pretkultura. Seéerna repa kao pretkultura s obzirom na broj prohoda
u samoj operaciji vadenja repe je nepovoljno utjecala na stanje zbijenosti tla, $to je uz
nepovoljne klimatske uvjete (vrlo niska koli¢ina oborina) bitno otezala i utjecala na samu
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operaciju oranja. Podesenost pluga: horizontalno dobro, vertikalno lose (mali kut odbaci-
vanja Cestice). Slaganje mekote dobar, Cistoca brazde losa.

Tablica 1 Varijante obrade tla, tehnoloske operacije i termini obavljanja

Varijanta obrade tla TehnoloSka operacija Datum rada

Oranje 4. listopada 2006.

Konvencionalna Tanjuranje 4. listopada 2006

Sjetva 10. listopada 2006

. Tanjuranje-visekratno 4. listopada 2006
Reducirana - 3

Sjetva 10. listopada 2006

No-tillage Sjetva 10. listopada 2006

Dubina oranja: s obzirom na izmjerene vrijednosti dubine oranja tla ova operacija
pripada kategoriji dubokog oranja tla.

Brzina oranja: s obzirom na uvjete prosjena brzina oranja iznosila je 6,5 km h' §to
predstavlja optimum. Sirina oranja: radni zahvat jednog pluznog tijela iznosio je 60 cm, §to
obzirom n podesenost pluga iznosi 240 cm u jednom prohodu.

Tablica 2 Dubina oranja (cm)

Varijanta 2 Varijanta 6 Varijanta 9
31,32,30,33,31  31,33.5,33,30,32.5  33,33,33,31,31

Tanjuranje

Tanjuranje je obavljeno tanjuratom OLT tip Neretva 64 (zahvat=6,8 m, 56 cm, razmak
tanjura 22 cm), priklju¢enom na traktor John Deere 8200 snage 136 kW, s pogonom na sva
Cetiri kotaca i udvojenim straznjim pneumaticima (dimenzije pneumatika 20.8R42 4X i
16.9 R30), godina proizvodnje 1998,. Traktor je imao 4070 radnih sati, a prosje¢na
potro$nja goriva pri ovoj operaciji prema ugradenom uredaju je bila oko 22 1 h”'. Operacija
tanjuranja na pokusu: zapazena je potroSenost prednjih tanjura na tanjurac¢i. Obavljena su 2
prohoda na svim parcelama. Zbog stanja vlage u tlu i1 pretkulture, operacija je u prvom
prohodu bila znatno otezana.

Raspodjeljivanje umjetnog gnojiva

Ova tehnoloska operacija jednaka je za sve varijante obrade tla. Raspodjela gnojiva
obavljena je u 3 faze. Osnovna gnojidba obavljena je 2. listopada 2006. Prema rezultatima
analize tla i pretkulturi aplicirano je granulirano mineralno gnojivo UREA. Prva prihrana
obavljena je 22. veljace 2007. Prema postavkama pokusa na dusik aplicirano je granulirano
mineralno gnojivo KAN u razli¢itim dozama po ha. Obje prihrane obavljene su centrifugal-
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nim raspodjeljivaCem gnojiva sa dva tanjura Amazone ZAF 603. Druga prihrana je
obavljena 31. ozujka 2007. Primjenjeno je tekué¢e mineralno gnojivo UAN, a aplicirano je
pomocu prskalice RAU zapremine 6000 1 i radnog zahvata 18 m, sa standardnim tipom
mlaznica lepezastog mlaza. Stanje agregata: svi rotirajuéi i stacionarni dijelovi raspodje-
ljivaca su u dobrom stanju, prema rezultatima testa rasipaca sa ispitnim kutijama primjece-
na je nesto veca distribucija gnojiva u sredini radnog zahvata u odnosu na krajnje tocke.

Prskanje — primjena zastitnih sredstava

Ova tehnoloska operacija jednaka je za sve varijante obrade tla. Prskanje — primjena
za§titnih sredstava obavljena je u dvije faze: 1. primjena herbicida i II. primjena fungicida i
insekticida. . faza obavljena je 20. oZzujka 2007. godine, a II. faza 21. travnja 2007. Obje
primjene zastitnih sredstava obavljene su traktorskom vucenom prskalicom RAU radnog
zahvata 18 m, zapremine 2400 1. Stanje agregata: svi uredaji na prskalici su ispravni i imali
su pravilan rad, mlaznice su standardnog tipa, lepezasto rasprskivanje. U zastiti pSenice
koristila su se dva kemijska preparata: LINTUR 180 g ha' za zaititu od korova i
AMISTAR XTRA 0,8 1 ha™" za zastitu od bolesti.

Sjetva

Sjetva je obavljena za sve repeticije i varijante sija¢icom John Deere 750A. Sijacica je
podesena na 197 kg ha” sjemena domaceg sortimenta Mura (Agrigenetics). Radni zahvat
sijacice je 6m, prikljucena na traktor John Deere serije 8200, snage motora 136 kW, s
pogonom na sva Cetiri kotaca i1 udvojenim straznjim pneumaticima dimenzija 20.8R42 i
prednjim kota¢ima 16.9R30. SijaCica je opremljena Air Seeding System sustavom
aplikacije zrna, kontrola sjetvene dubine: potiskivajuci kota¢, sistem potiskivanja: aktivni
hidraulicki potiskivajuéi sistem, markeri hidraulicki podesivi, elektromagnetski markeri,
kontrola podizaca, opcija stalnih tragova (ukljuc¢ena na pokusu prilikom sjetve), GreenStar
Drilll Control System.

Zelva

Zetva je obavljena kombajnom Buro DPakovié tip Hydroliner 36.20 opremljeni Zitnim
hederom radnog zahvata 5,5 m. Vaganje uroda obavljeno je stacionarnom vagom na
ekonomiji tvrtke Zito d.d. Agrar-Novi d.o.0., Antunovac.

REZULTATI I RASPRAVA

U vegetaciji ozime pSenice na pokusu uz mjesto Antunovac u Osjecko-baranjskoj
zupaniji izmjerena je koli¢ina i raspored oborina, te srednje mjesecne temperature zraka
kako prikazuje tablice 3 i 4.

Tablica 3 Oborine (mm) tijekom vegetacije ozime psenice i viSegodiSnji prosjek (Osijek)

Nazv_ X XI _XII I Il Il IV V VI VI Ukupno
2006/07. 202 30,7 280 340 340 768 07 485 606 89,0 4225

19932005 50,9 61,7 56,1 43,1 353 414 551 645 653 761 5495
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Na pokusno polje u vegetacijskom razdoblju ozime psenice od listopada 2006. do srpnja
2007. palo je ukupno 422,5 mm ili 23,11% manje u odnosu na viSegodiSnji prosijek.
Uocava se manjak oborina u vremenskom razdoblju od listopada 2006. do sije¢nja 2007.
Izraziti manjak zabiljezen je u travnju 2007. kada je palo 0,7 mm.

Tablica 4 Srednja mjese¢na temperatura zraka, Osijek ( °C)

Miesec X XI X I I 1 IV V VI VI gednja

20062007 13,1 7.6 28 55 60 86 13,7 184 227 240 1224
19932005 119 60 1,0 02 20 64 119 177 209 223 10,03

Srednja mjese¢na temperatura zraka u ispitivanom razdoblju veca je za 2,21 °C, odnosno
topliji su bili svi mjeseci.

Tablica 5 Prinosi pSenice prema varijantama obrade i gnojidbe N (kg ha-1)

Konvencionalna obrada

Koli¢ina N I repeticija 1l repeticija 1 repeticija
0 3742 (5) 3393 (18) 3298 (27) 3478
80 4786 (4) 4455 (16) 4358 (26) 4533
140 5109 (6) 5015 (17) 5110 (25) 5078

Reducirana obrada

Koli¢ina N 1 repeticija 1l repeticija 1] repeticija
0 3619 (2) 3069 (12) 3248 (24) 3312
80 4750 (1) 4454 (10) 4180 (23) 4461
140 4887 (3) 4663 (11) 4828 (22) 4792

No-till obrada

Koli¢ina N I repeticija 1l repeticija 11l repeticija
0 3480 (8) 2728 (15) 3102 (21) 3103
80 4179 (7) 4101 (13) 4191 (20) 4157
140 4454 (9) 4229 (14) 4315 (19) 4332

Najveéi prinos ostvaren je na III repeticiji (parcela 25) sa 5110 kg ha™', dok je najnizi
ostvaren na II repeticiji (parcela 15) sa 2728 kg ha™. Prosje¢no najveéi prinos ostvaren je na
parcelama konvencionalne obrade sa najve¢om koli¢inom dusika apliciranom gnojidbom
(140), dok je najnizi prinos ostvaren na parcelama no-tillage obrade tla bez aplikacije
dugi¢nih gnojiva. Prosjecan prinos cijelog pokusa bio je 4138 kg ha™.

159



B. Bagari¢, V. Zebec, M. Kufner, R. Zimmer

> »wn

ZAKLJUCAK

Na temelju provedenog istrazivanja moguci su slijedeci zakljucci:

Najveéi prinos ostvaren je na parceli 25 ( 140 kg N ha™) — 5110 kg ha™, a najmaniji
na parceli 27 (0 kg N ha™') — 3298 kg ha™.

U varijanti reducirane obrade najveéi prinos postignut je u I repeticiji, parcela 3 (
140 kg N ha™) - 4887 kg ha™, dok je najmanji prinos dobiven na II repeticiji parcela
12 sa 3069 kg ha™ (0 kg N ha™).

no-tillage varijanta obrade tla najve¢i prinos od 4454 kg ha™' ostvarila je na I
repeticiji na parceli 9 ( 140 kg N ha™") a najmanji na II repeticiji sa 2728 kg ha™,
parcela 15 (0 kg N ha™)

najveéi prinos pokusa izmjeren je na III repeticiji-parcela 25(5110 kg ha™) na
konvencionalnoj obradi tla , dok je najmanji na no-tillage u II repeticiji, parcela
15(2728 kg ha™).

prosjecno najvedi prinosi su ostvareni na parcelama konvencionalne obrade sa 140
kg N ha'.

najmanji prinosi ostvareni su na parcelama no-tillage obrade tla sa 0 kg N ha™'
prosje&an prinos cijelog pokusa kretao se oko 4138 kg ha™

tro§kovi mehanizacije na konvencionalnoj obradi iznose 2350 kn ha™ (gnojidba —
200,00 kn ha™, oranje — 550 kn ha™', tanjuranje I — 400 kn ha™, tanjuranje II — 200,00
kn ha™ sjetva 200,00 kn ha™, prihrana I i IT — 400,00 kn ha™, zastita I i Il — 400,00 kn
ha™), na reduciranoj obradi troskovi su 1800 kn ha” (bez oranja), dok je iznos
tro§kova na no-tillage iznosio 1200 kn ha™ (bez oranja i tanjuranja).
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AGRICULTURAL MECHANIZATION IN PRODUCTION
OF WINTER WHEAT BY DIFFERENT SYSTEMS OF
SOIL TILLAGE

SUMMARY

“«

On the experimental parcel of pilot project ,,Znanjem u proizvodnju hrane
the working surface 9 x 1800 m” (16200 m’) has been set research on 3 variants
treat grounds (conventional,reduced and no-tillage) in 3 repetitions. Precrop was
the sugar beet. Processings of grounds and prepares for the sowing do 4.
October 2007. Plows is done the plow of type Regent Saturn 700 SCX connected
on the tractor John Deere 7810 strengths 129 kw. Harrowing has been done the
harrow manufacturer OLT, type Neretva, connected on the tractor John Deere
8200 strengths 136 kw. Fertilization of winter wheats has been done in the higher
meal, and this: in the autumn before the processing of ground and in application
of N fertilizer in the spring. Fertilization treatments have based on two levels
being supplied nitrogen (140 kg ha™ clean N and 80 kg ha' the clean N) beside
the control without the application nitric Fertilization. Towards results of
analysis of ground and precrop was applied are granulated mineral Fertilization
UREA. Sowing has been done for all repetitions and variant sower John Deere
7504. sowing machine has been adjusted on the 197 kg ha™ the seed domestic
sort Mura. Harvest has wrapped combines domestic production Puro Dakovié
type Hydroliner 36.20 are equipped the grain adapter of working hold 5,5 the
metre. The smallest contribution from 3,103 t ha' has been measured on no -
tillage variant treat grounds without the application of nitrogen, and highest
from 5,078 t ha' has been achieved on the Conventional variant treat grounds
with the application 140 kg/ha-ha N.

Key words: conventional, reduced, no-tillage, soil tillage, yield
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POVZETEK

V' prispevku so predstavijeni rezultati in izsledki primerjalnega poljskega
poskusa direktne setve koruze (Zea mays L.) hibrida Unixx Duo, posejane v
travinje brez predhodne obdelave tal (no-tillage) in v konvencionalno pripravije-
na tla. Poskus se je izvajal na dveh locenih lokacijah. Setev je bila izvedena s
Stirivrstno noSeno pnevmatsko sejalnico Monosem NX. Sejalnica je namenjena za
direktno in konvencionalno setev z natancnim odlaganjem semena in dozatorji za
mineralno gnojilo. Analiza rezultatov pridelkov zelene mase in suhe snovi ne kaze
statisticno znacilnih razlik, medtem ko analiza stroskov obdelave, kaze velike
prihranke pri direktni setvi koruze.

Kljuéne besede: direktna setev, konvencionalna obdelava tal, sejalnice za
presledno setev, pridelek, koruza, stroski obdelave tal

UvoD

Vsakoletno padanje odkupnih cen kmetijskih pridelkov glede na cene kmetijskega
repromateriala, vzpodbuja tako pridelovalce kot strokovnjake k uvajanju novih tehnologij,
ki zmanjsujejo stroske pridelave, z zmanj$evanjem porabe energije in delovnega Casa.

Direktna setev brez obdelave tal se v svetu uporablja Ze vrsto let, Se posebej v ZDA, kjer
se na ta nacin sejejo razlicne poljedelske kulture na ve¢ kot 15 milijonih hektarjev
kmetijskih povrSin. Ta nacin pridelave se pocasi Siri tudi v Evropo (Zimmer 1997).
Tehnologija direktne setve je vecini slovenskih pridelovalcev slabo poznana. Malostevilni
poskusi uvajanja so se ve¢inoma koncali neuspesno. Zaradi slabega poznavanja tehnologije,
predvsem pa zaradi uporabe neustreznih sejalnic, je prihajalo do slabega vznika posejanih
poljs¢in in posledi¢no do nadpovprecne zapleveljenosti in nizkih pridelkov. Posledica tega
je nenaklonjenost do uvajanja vseh novih tehnologij pridelovanja. Velika vecina povr$in se
Se vedno obdeluje na konvencionalni nacin, reducirajoca obdelava se uvaja pocasi, direktno
setev pa se uporablja le pri dosejavanju travno — deteljnih mesanic v travno ruso.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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Avtorji navajajo primerjave razli¢nih nacinov obdelave tal, pri katerih so koli¢ine
pridelkov zelo razli¢ne. Bayhan in sod. (2006) podaja zanimivo Studijo petih nacinov
obdelave tal in direktne setve, kjer slednja dosega povsem primerljive pridelke, kot ostali
nacini. Direktna setev daje v njihovih poskusih celo visji pridelek (63,9 Mt/ha) kot
konvencionalno pridelana koruza (60,1 Mt/ha). Veéina avtorjev navaja manjsSe pridelke
koruze pri direktni setvi. Kosuti¢ in sod. (2001) so porocali o 2,8 % manjsem pridelku, ki
pa med vsemi v poskusu primerjanimi nacini obdelave ni bil najmanjsi. Poskus, ki so ga
izvedli Linden in sod. (2000) ne kaze razlik v prvih petih letih, kasneje pa je bil pridelek pri
direktni setvi nekoliko manjsi, kot pri konvencionalni obdelavi in setvi.

Za konvencionalno obdelovanje tal porabimo veliko energije in ¢asa. Kar 55 — 65 %
energije pri pridelavi se porabi za pripravo tal za setev (Pellizzi in sod. 1988). Za
konvencionalno pripravo tal in setev se povpre¢no porabi 41,15 | dizelskega goriva/ha,
medtem ko se za direktno setev porabi le 7,14 | goriva/ha (Kosuti¢ in sod. 2000).

MATERIALI IN METODE

Na dveh locenih lokacijah je bil v letu 2007 postavljen primerjalni poskus zasnovan v
nakljuénih blokih v S§tirth ponovitvah v katerem smo opravili primerjavo med
konvencionalno in direktno setvijo koruze. Predhodna polj$¢ina na lokaciji Univerzitetnega
kmetijskega centra Fakultete za kmetijstvo (46°31'N, 15°38'E) je bila pSenica, ki je bila
posejana v konvencionalno obdelana tla. Strnis¢e je bilo obdelano z enim prehodom
podrahljalnika, v kombinaciji s setvijo ozelenitve s travno deteljno meSanico. Na drugi
lokaciji v Sestrzah (46°21'N, 15°41'E) je bila izvedena setev v trajni travnik. Na obeh
lokacijah so bila na delu njive s konvencionalno obdelavo pet dni pred setvijo tla zorana s
tribrazdnim obracalnim plugom in en dan pred setvijo obdelana z vrtavkasto brano.

Setev koruze (Zea mays L.) hibrida Unixx Duo je bila izvedena, 20. aprila 2007, s
pnevmatsko podtlacno sejalnico proizvajalca Monosem, s sejalnimi elementi NX, ki so
namenjeni za "mulch" in direktno setev. Sejalnica ima masivni nosilni okvir in tehta z
dodatnim trosilnikom mineralnih gnojil 1800 kg. Vsak sejalni element ima na ogrodje
pritrjen dvojni disk za vlaganje mineralnega gnojila in je gledano v smeri voZnje
pomaknjen v levo ali desno za 5 cm. Sejalni agregati imajo spredaj dva prstasta Cistilna
diska, ki odmikata rastlinske ostanke pred diskom za rahljanje tal. Sledi dvojni disk za
odpiranje sejalne brazde, ki je postavljen malo pred podporno — globinskima kolesoma, ki
odli¢no sledita terenu in s tem omogocata natan¢no nastavljeno globino setve. Takoj za
sejalnima lemeZema oziroma za mestom, kjer izpada seme iz sejalne cevi, je pritisni kolut
Sirine 2 cm. Ta izpadlo seme pritisne v dno sejalne brazde in s tem omogo¢i dober vznik
semena. Kolesi za zapiranje sejalne brazde Se dodatno pritisneta tla ob seme. Sejalnica ima
kljub veliki masi sejalnih agregatov Se dodatne vzmeti, ki pritiskajo agregate v tla in s tem
omogocijo pritisk na dvojni sejalni disk do 200 kg.

Setvena norma je bila 100.000 semen/ha pri medvrstni razdalji 0,7 m. Vsaka poskusna
parcela je bila Siroka 2,8 m in dolga 30 m.

Temeljno gnojenje z mineralnimi gnojili je bilo izvedeno ob setvi s 350 kg/ha NPK 15-
15-15. Posevek je bil dognojen, 16. maja 2007, s 300 kg KAN/ha. Parcele za direktno setev
smo teden pred setvijo poskropili s herbicidom Boom efekt (5 I/ha) ob porabi 300 1 vode
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na hektar. Konvencionalno obdelane parcele so bile poskropljene po setvi s herbicidom
Terano (1kg/ha) in Herbocid (2 I/ha) in prav tako s 300 | vode na hektar.

Slika 1 Sejalni agregat sejalnice Monosem NX (A — dva diska za vlaganje mineralnega
gnoja, B — dva prstasta Cistilna diska, C — disk za rahljanje tal, D — dva diska za odpiranje
sejalne brazde, E — dve gumijasti podporno — globinski kolesi, F- pritisni kolut, G — dve
kolesi za zapiranje sejalne brazde, H — izmetalni agregat, I — nasipnica)

Picture 1 Seed metering unit Monosem NX (A — Fertilizer applicator, B — d_Trash wheel, C
— Low till disc, D — Seed disc, E — Narrow Gauge wheel, F- Press wheel, G — Packing
wheels, H — Metering box, I — hopper

Ocenjevanje pridelka je bilo opravljeno na polju s tehtanjem nadzemne mase rastlin z
elektronsko tehtnico. Odvzeti so bili tudi vzorci za ocenjevanje suhe snovi. Ro¢no smo
pozeli koruznico s 10 m* iz sredine vseh parcelic in jo stehtali svezo. Na podlagi podatkov
o vsebnosti vlagi smo opravili preracun pridelka v obliki kg suhe snovi na hektar.

REZULTATI IN DISKUSIJA

Podani rezultati pridelka suhe mase so prera¢unani glede na laboratorijsko ugotovljeno
suho snov iz pridelkov sveZe mase. Povprecja so podana v tabeli 1.

V tabeli 1 podani rezultati meritev pridelka kazejo, da je na obeh lokacijah povprecni
pridelek celotne rastline nekoliko manj$i pri obravnavanjih z direktno setvijo. Statisticni
izratun po metodi standardne deviacije med variantama na lokaciji v Sestrzah ne kaze
statisti¢no signifikantnih razlik, medtem ko se na lokaciji Pohorski dvor pridelka statisticno
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razlikujeta. Na prvi lokaciji je ravna in rahla povrSina trajnega travnika omogocala zelo
kvalitetno setev in s tem, enakomeren in hiter vznik semen. Mladostni razvoj rastlin je kljub
rahli susi takoj po setvi zaostajal le za nekaj dni za koruzo, posejano v konvencionalno
obdelana tla.

Tabela I Povpreéni pridelki v obeh obravnavanjih na dveh lokacijah.
Table 1 Average yields for both treatments from both trial locations

< v v . . ey . v
= Povprecen Suha  Povpreéen pridelek  Najmanj$i  Najvedji
Nacin obdelave ~ §  pridelek sveZze  snov suhe mase (kg/ha) pridelek pridelek
S mase (kg/ha) (%) + st. odklon (kg/ha) (kg/ha)
Direktna setev k) 45.300 56,4 19.752 +£1397,23 18.354,77  21.149,23
Kovencionalna - ¢ 45.700 557 20227+1559,37  18.667,63 21.786,37
obdelava
Direktna setev 2 51.200 60,6 20.164 £ 997,15 19.166,85  21.161,15
5 5 S
Kovencionalna & 5 ¢4 199 63,1  22192+76564 2142636 22.957,64
obdelava ~

V slabsih talnih razmerah je bila posejana koruza na lokaciji Pohorski dvor. Poletna
strnis¢na obdelava tal in setev ozelenitve je bila zelo slabo opravljena. Velike grude in
globoke jame je sejalnica odli¢no kopirala in odlagala seme na primerno globino, vendar je
kljub temu prislo do slabSega vznika. Veliko semen odlozenih in nepokritih v luknjah je
propadlo, zaradi kratkotrajne suse takoj po setvi, pa so se razmaknile sejalne brazde, kar je
povzroc€ilo izsuSitev semen. Verjetno je zaradi vseh navedenih dejstev tudi pridelek
nekoliko manjs$i in bi bil v optimalnih talnih razmerah, povsem primerljiv s pridelkom v
konvencionalno pripravljenih tleh.

Tabela 2 Stroski obdelave tal (povzeto iz: Verregnungssétze ab 2007)
Table 2 Tillage costs (information source: Verregnungssitze ab 2007)

Stroski konvencionalne Stroski direktne setve
obdelave (EUR/ha) (EUR/ha)
Oranje 82
Brananje z vrtavkasto brano 55
Setev s trosenjem mineralnih gnojil 45 80
Skropljenje 27 27
Skupaj EUR/ha 209 107

V tabeli 2 je podana primerjava stroskov konvencionalne obdelave tal in direktne setve,
ki je povzeta iz kataloga strojnih uslug strojnega krozka v Aiblingu v Nemciji. V skupnih
stroskih so zajeta le opravila, ki se opravijo v ¢asu setve in so nujna za kakovostno setev v
lazjih tleh.
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Verjetno je pri konvencionalni obdelavi v tezjih tleh potrebno Se kak$no dodatno
opravilo (brananje s krozno brano, ravnanje tal z vlaco, valjanje posevka...), ki pa ni
vklju€eno v to primerjavo. Prav tako je cena sredstev za zatiranje plevelov gledano na
hektar v konvencionalni pridelavi nekoliko vi§ja od cene 5-tih litrov Boom efekta, ki se
porabi v sistemu direktne setve.

Preprosta primerjava stroSkov kaze, da se le-ti pri direktni setvi skoraj prepolovijo v
najbolj ugodnih razmerah. StroSki opravil po setvi koruze (dognojevanje, naknadno
Skropljenje, spravilo, ...) so v obeh primerih skoraj enaki in v vecji meri ne vplivajo na
lastno ceno pridelka.

Razlika v stroskih obdelave tal (98 EUR/ha) predstavlja v letosnjem letu okoli 5 ton
pridelka silaze na hektar oziroma okoli 450 kg suhega zrnja na hektar. Potrebno je
poudariti, da so se cene pridelkov v letoSnjem letu zelo povisale in bodo verjetno v
naslednjih letih padle na razumno raven, kar bo vplivalo na stroskovno in cenovna razmerja
med obema nacinoma pridelovanja. Pridelek 5 ton sveze mase silaze oziroma 450 kg
suhega zrnja predstavlja 7 in 10 % celotnega pridelka na hektar. Po podatkih iz literature se
zaradi direktne setve koruze pridelek povpreéno zmanjSa za manjs$i odstotek od zgoraj
navedenega, kar pomeni, da preprosti izracun kaze v prid direktni setvi.

ZAKLJUCEK

Direktna setev koruze verjetno daje nekoliko manjse pridelke, vendar je ob bistveno
manjSih stroskih, dobic¢ek na enoto lahko enak ali celo nekoliko visji, kot pri konven-
cionalni setvi. To velja tako za lazja tla, kjer so pridelki primerljivi (v naSem poskusu), kot
tudi v tezjih tleh, kjer so pridelki manjsi, vendar je v taksSnih tleh tudi konvencionalna
obdelava tal tezavnej$a in s tem drazja.

Tehnologija direktne setve prispeva tudi k manj§emu onesnazevanju okolja, saj se porabi
manj energije (goriva) in posledi¢no se zmanjsajo tudi izpusti izpusnih plinov v ozracje
(Filipovi¢ 2006).

Z vecletno uporabo tehnologij direktno setvijo lahko znacilno izboljsamo strukturo tal,
zadrzevalno sposobnost tal za vodo in hranila in celovito poveéamo rodovitnost. S tem
postanejo tak$ne njive manj izpostavljene suSnemu stresu in izkoristki ob gnojenju dodanih
hranil se povecajo. Vpliv na povecanje rodovitnosti tal navadno ni ekonomsko
izvrednosten, pa bi moral biti, ¢e bi zeleli dobiti natan¢no primerjavo ucinkov obeh
primerjanih pridelovalnih sistemov.

V vsakem primeru bo v bodo¢e potrebno temeljito preuciti tehnologijo pridelave, ki bo
omogocala predvsem ohranjanje rodovitnosti tal, v povezavi z obveznim kolobarjenjem
poljscin.
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ECONOMIC IMPACT OF DIRECT SOWING OF MAIZE

ABSTRACT

The paper presents the results and findings of a field experiment aimed at
comparing two different tillage systems - direct sowing of maize (Zea mays L.) in
the no-till grassland and conventional tillage system, and the tillage costs. The
experiment was carried out at two locations. The sowing was performed with a
four-row Monosem NX pneumatic precision planter intended for direct and
conventional sowing with precise seed and mineral fertilizer metering units. No
statistically significant differences in maize dry matter yield were observed
between both production systems, but the analysis of tillage costs showed
significant tillage costs savings achieved by direct maize sowing.

Key words: direct sowing, no-tillage, conventional tillage, planters, yield,
maize production, tillage costs
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ABSTRACT

Variable rate controlling technology is an essential component of the preci-
sion agriculture production system. This project details the development and
dynamic performance assessment of a variable rate granule applicator control
system based on ISO 11783. The control system consists of field computer,
DGPS, main controller, electro-hydraulic proportional valve and hydraulic
motor, ground speed measurement module and parallel guidance light bar. These
different microcontroller-driven nodes are connected as a distributed controller
area network, and ISO 11783 was selected as the basis communication protocol
of the whole system. The field computer is developed using PC/104 CPU module
and a CAN adaptor, which use WinCE.net as the real-time embedded operation
system. Variable rate control and guidance software was development based on
embedded COM-GIS. The main controller uses TI'’s DSP as micro-controller, a
kind of improved PID control arithmetic for granule application rate control.
MCS51 Single chip was selected for guidance light bar node, which use a row of
indicator LEDs to guide drivers along the anticipant path. Ground speed
measurement node measures the periods of pulses generated by Hall effect sensor
fixed on the tractor driven wheel to calculate the ground speed. Application
protocols for data communication are defined based on ISO 11783. Field testing
program involved laying out a regular array of 16%6 and an anomalous plastic
trays for fixed-rate application and variable-rate application by making
reference to ASAE standard S341.2. Response time and system delay was
evaluated to demonstrate system dynamic characteristics. Infield testing result
also shows that each of bus nodes could work well and simultaneously over CAN

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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bus, and the closed loop control system can achieve application rate accuracy
levels well within the desired range.

Key words: Variable-rate application, DGPS, ISO11783, GIS

INTRODUCTION

Chemical fertilizer plays an important role in the agricultural production in China.
According to statistics, in the past 40 years, the total amount of fertilizer to that of grain and
cotton yield as well as the amount of fertilizer application in the unit area to that of grain
and cotton yield showed positive correlations. About 30% to 50% of the increase of yield
came from the fertilzer application (Yang Liping, 2001, Zeng Xibo, 2004). Fertilizer is the
materials which take the most investment in the agricultural production. Among the various
materials used in the agricultural production, the charge of the fertilizer is the most
expensive one. It was estimated that fertilizer inputs was accounted for 30% to 40% of the
materials and energy inputs, in some areas with high yield, even for 50%. The expenditure
of fertilizer-purchase reached 180 billion in 2004. However, mass application of chemicals
in agriculture resulted in contamination of environment and agricultural products, which
can not be negalected in the construction of “harmonious society”’and realization of “susta-
inable development”in China.

Variable rate technology is an effective way for reasonable fertilizer application and
resources saving, which could increase the fertilzier utilization, reduce the fertilizer waste
and decrease pollution to the farmland environment and groundwater by applying the
fertilizer in accordance with the fertilzier-demand in different specific site in the field.
Many researchers have done a lot of research work on variable rate appliction of fertilizer.
C.Yang (2001) designed to adapt a variable rate control system to an existing liquid
fertilizer applicator to vary rates of two fertilizers simultaneously and to evaluate its static
and dynamic performance and field application accuracy. J.P.Fulton(2001) described
assessment of the application accuracy and distribution of a VRT spinner fertilizer spreader.
It is reported that coefficient of variations above 20% were calculated for the average
transverse spread patterns for different uniform application rate test. Michihisa Iida (2001)
developed a kind of map-based variable rate granular applicator with DC motor drive
metering device for paddy field, which could apply the NK fertilizer at the error of 4.6 %
and the P fertilizer at the error of 2.3 % in the bench test.

Compare with these research work, researchers in China mainly focus on introduction
and assimilation of varialbe rate technology in recent years. It is lack of research and
development on key technology for variable rate appliction suitable for China agricultrue
production situation.

The objectives of the present research were to: (1) develop a distributed variable rate
granular applictor based on ISO 11783, which included field computer and variable rate
appliction software, electro-hydrolic drive system for the applicator, main controller and
ground speed mesearurement unit and parallel guidance unit, (2) assess performance of this
variable rate granule applicator control system and conduct static and dynamic test to assess
error of this map-based system and (3) evaluate dynamic response characteristic for the
variable rate granule application system by calculating system delay time.
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SYSTEM DESIGN

Overview of Sysem Design

There are two methodologies for implementing variable rate application of fertilizer, one
is map-based methods and the other is sensor-based. A typical map-based system is detailed
in this research, which included DGPS, field computer, variable rate application controller,
ground speed measurement unit and parallel guidance unit. These different microcontroller-
driven nodes are connected as a distributed controller area network, and ISO 11783 was
selected as the basis communication protocol of the map-based variable rate granular
application system. System diagram is shown as Fig.1

Lightber Unit

It
[T ([cooco® co000]

-\i\]

Figure 1 System Diagram

ISO 11783 has been developed to meet the needs for electronic communication between
tractor and implements, between components within tractors, within implements and within
other self-propelled agricultural machines. ISO 11783 is based on CAN 2.0B protocol and
defines the interpretation of the 29 bits in the identifier of CAN frames as well as the
interpretation of the data. Two types of identifier structures or protocol data units (PDU) are
defined. PDU type 1 is defined for point to point communication and PDU type2 for
broadcasting message. Messages in ISO 11783 are normally composed of a single CAN
frame when data length is no longer than 64 bits, but can be composed of multiple frames
when data is longer than 64 bits.

There are many kinds of message were defined for data communication among different
ECU nodes in variable rate application system. Fertilizer application rate controlling
message, actual application rate message, ground speed message and navigation controlling
message are 4 typical messages. Fertilizer application rate controlling message is the rate
control command from field computer node to main variable rate controller node and actual
application rate message is fertilizer application rate data return to field computer. Ground
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speed message is a broadcasting message on the bus which is measured by ground speed
unit and navigation controlling message is from field computer to lightbar unit for auxiliary
navigation.

Following is the explanation for above 4 typical messages PDU identification design
based on ISO 11783.

(1) ECU source address: According to ISO 11783 protocols, 208-240 is source address
reserved for user defined ECU. In this system, 0XD5 (213) is allocated for field computer,
0XD6 (214) for variable rate controller, 0XD7 (215) for ground speed unit and 0XD8 (216)
for lightbar unit for auxiliary navigation.

(2) Priority: Following the priority design principles of ISO 11783, fertilizing control
message and navigate control message are assigned priority of 3 and other messages
assigned 6.

(3) Data length: Considering the requirements of transmitting message of all the nodes,
the length of data field is designed 8 bytes to avoid multi-frame transmission.

(4) Data frame format: The message point to point transmission is used between the field
computer and variable rate controller, whose PF is set 230 and 231. Field computer
communicates with the auxiliary parallel guidance unit and PF is set 239(EF), which is the
reserved field format for user-define according to ISO 11783 protocol. The PF of ground
speed message is set 255, which is a broadcast message field format for users-define. When
PF is less than 239, PS represents the destination address. If PF is equal to 255, PS could be
set any value between 0 and 255. It is set O1 in this system.

Field Computer

Field computer acts as operator interface for the map-based variable rate application sys-
tem, which store application map and related operation data. Field computer is developed
based on PC104 embedded CPU module, some peripherals devices such as memory,
display, input/output and a CAN adapter were integrated. Diagram of field computer is
shown as Fig.2.

A kind of embedded real-time multi-tasking operation system suitable for field computer
hardware was developed based on Microsoft Wince.NET. Development of field computer
operation system including hardware layer, OEM adoption layer, BootLoader, configure
file and some hardware driver development. PlatformBuilder from Microsoft was used as
special tool for RTOS development. Figure 3 is the prototype of field computer.

Software running on field computer for variable rate control and auxiliary guidance was
development based on embedded COM-GIS with eMbedded Visual C++ integrated
development environment. A kind of commercially available embedded COM-GIS product
eSupermap was used as middleware for development such functions as application map
display, classification & render, zoom in & zoom out and so on. CAN bus Initialization,
real time application map recognition according to current GPS coordinate and variable rate
control was fulfilled for the system. Fig.4 show the diagram of variable rate application
software and Fig.5 show some screen shots of variable rate application control software
running on field computer.
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application

Feed roller metering mechanism for chemical fertilizer application was widely used in
China. Variable rate fertilizer application system was designed for this metering mecha-
nism. Research dictated that working length and rotation speed of feed roller has a
significant effect on the feeding ability. Longer working length will introduce less unifor-
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mity of granular fertilizer application. In this research, variable rate application of fertilizer
was conducted by adjusting rotating speed of feed roller under the condition of maximum
working length. Therefore, the main task of variable rate application controller is to
Implement feed roller mechanism close-loop control through PID control algorithm accord-
ing to real-time application rate command from field computer, current velocity, swath
width as well as rotation speed of hydraulic motor for feed back signal.

TI 2407 DSP was chosen as microprocessor for variable rate application controller bec-
ause of its high processing speed, rich peripherals, stability and easily to realize many
advanced control algorithm. TI 2407 DSP integrated with a SPI serial port, CAN bus inter-
face and some other interface.

Control signal is processed with 12-bit ADC and power amplification through SPI inter-
face for electro-hydraulic proportional valve-controlled motor system, which adjusts rota-
tion speed of hydraulic motor by changing flow rate of hydraulic system to control the
rotation speed of feed roller metering mechanism and instant flow rate of granule fertilizer.

Ifain
Controller

DVA
Power Amplifi

I T

Propottional
Amplifier

|
] |
|
|

>< % Electro-hydraulic
Y It 1 Proportional Valve

I

I

Figure 6 Schematics of Variable rate application controller

Rotation speed of hydraulic motor was detected by optical encoder and used as feedback
signal for incremental PID close-loop control. Fig.6 shows the working principle of the

174



Development and performance assessment of a variable rate granule applicator control system based on ISO ...

system. TI 2407 DSP can communicate reliably with other ECU nodes with high speed
along CAN bus with a built-in CAN bus controller and an external CAN transceiver. In
addition, with the support of external LCD and Chinese character library, variable rate
controller can display system status and receive user input with Chinese character interface.

Ground Speed Unit

Measuring the rotation speed of tractor un-driven wheel is a low-cost and simple way to
get real-time velocity of agricultural machinery, which can reach a relative high precision
through appropriate calibration and meet the requirement of variable rate application
system. A kind of ground speed measurement unit with CAN bus interface was developed
in this research.

With the rotation of tractor un-driven wheel, pulse signal was generated when magnets
fixed on wheel accessing to Hall-effect sensor. Pulse signal was input to counter interface
of single chip microprocessor after photoelectric isolation. Periodic method was introduced
for pulse counting and speed calculating. That is to say, within a certain period of T, pulse
signal was counted and the product of benchmark period and counting value is T.
Therefore, wheel speed V can be calculated with following formula:

_27R
TN

R means radius of wheel, and N means number of magnets fixed on wheel.

y

Winbond W77E58P microprocessor was used for ground speed unit and Philips CAN
bus controller SJA 1000 was used for CAN communication.

Auxiliary Parallel Guidance Unit

Auxiliary parallel guidance unit was developed with C51 serial microprocessor, inde-
pendent CAN bus controller SJA 1000 and CAN transceiver 82C250 was used for CAN
bus communication. LCD display and a horizontal row of LEDs were used for guidance
indicator. During field operation, field computer will calculate real-time off-line distance
and send the data to guidance unit, which can display the guidance information through
different color and number of LEDs as well as LCD. Auxiliary parallel guidance unit would
reduce application errors including overlaps and skips and improve field operation quality.

FIELD TESTS

Materials and Methods

Field testing program involved fixed-rate application and variable rate application.
Fixed-rate application includes a low application rate of 75 kg/ha test and a high application
rate of 225kg/ha test. Test case of variable-rate application is from a low (0 kg/ha) to high
rate (375 kg/ha).
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Figure 7 Collection pan matrix variable-rate application test

Data Collection
(1) Fixed-rate application test

Fixed-rate application test covers a 4X24m rectangle area, a 16X6 matrix of pans was lay
out for fertilizer collection. Each plastic pan is 36.5cm long, 26.5cm wide and 15c¢m high.

(2) Variable rate application test

Similar with fixed-rate application test, a 34x6 matrix of pans was placed in a 4x24m

rectangle area. Application rate is Okg/ha during 10m long area along tractor travel
direction and application rate of the other 10m long area is 375kg/ha. In order to capture
system delay and dynamic characteristic, there are several rows of pans was placed without
separation along the both sides of dividing line from low application rate(0 kg/ha) to high
application rate(375kg/ha).

Fertilizer in each collection pans was collected into plastic bags and weighted
respectively using a electronic balance with 0.01g accuracy.
Results Analysis

Test cases of 75kg/ha and 225kg/ha have been repeated and there are 4 cases of tests all
together for fixed-rate application test. Result is shown as Table 1.
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Fixed-rate application test

Table 1 Statistical results of fixed-rate application test

Target Max Min Mean Std dev. ()% Avage
application rate (kg/ha) (kg/ha) (kg/ha) (kg/ha) (%) Error
(kg/ha) (%)
75 99.18627  49.06373  72.76181 12.24721 16.832 2.98426
225 249.6385 190.386 222.6389 17.99778 8.0838  1.049396

Result shows application rates with a coefficient of variation of 16.83% for the 75.0
kg/ha rate test and 8.08% for the 225 kg/ha rate test, and comparing with target application
rate, average application error is 2.98% and 1.05% respectively. The coefficient of variation
of 75.0 kg/ha rate test is relatively high mainly because there are few fertilizer particles in
the collection pan and easily affected by soil particles mixed into collection pans. Figures 8
and 9 present the fixed-rate application surface for the 75.0kg/ha and 225.0kg/ha
application rates. The 75.0 kg/ha application surface appears somewhat more irregular than
225.0kg/ha.

During the process of first time variable rate application test, fertilizer particles began to
appear at No. 97" collection pan, which is at the position of 11.38m long along the tractor
travel distance. During the process of repeat test, fertilizer particles began to appear at No.
91* (11.015m). That means the moment begin to response to rate change of variable rate
application system is different, which is because of the tractor speed is somewhat different
during the two tests. The application surface for 0.0kg/ha to 375.0kg/ha is shown as Figure.
10. There is obvious lag distance of rate change during variable rate application from the
surface.

Variable rate application test
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Figure 8 Actual Application surface for 75 kg/ha
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Figure 9 Actual Application surface for 225 kg/ha
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Figure 10 Rate change application
surface(0,375kg/ha)

The start point to determine lag distance should be the rate change point, which is 10m
from along the tractor travel distance. Considering sample error caused by environment,
95% of maximum target application rate should be the end of rate change. Shown as
figure.11, 13.57m along the tractor travel distance is the end of rate change. That is to say,
system lag distance is 3.57m for variable rate application from Okg/ha to 375kg/ha.
According to waypoints record by field computer, average speed of tractor is 1.9425m/s
during rate change process. Therefore, delay time is about 1.84s for the whole variable rate
application system. Delay time is an key characteristic of system dynamic response, which
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Figure 11 Rate change dynamics for
OKg/ha to 375 kg/ha

can be used as input parameter for system calibration.
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CONCLUSIONS

. This project details the development and dynamic performance assessment of a variable
rate granule applicator control system based on ISO 11783. The control system consists
of field computer, DGPS, main controller, electro-hydraulic proportional valve and
hydraulic motor, ground speed measurement module and parallel guidance light bar.
These different microcontroller-driven nodes are connected as a distributed controller
area network, and ISO 11783 was selected as the basis communication protocol of the
whole system.

. Field test results show that application rates with a coefficient of variation of 16.83%
for the 75.0 kg/ha rate test and 8.08% for the 225 kg/ha rate test, and comparing with
target application rate, average application error is 2.98% and 1.05% respectively. In
addition, each bus nodes could work well and simultaneously over CAN bus, and the
closed loop control system can achieve application rate accuracy levels well within the
desired range.

. Test case of variable rate application from Okg/ha to 375kg/ha shows that delay time is
about 1.84s for the whole variable rate application system, which is an key characteri-
stic of system dynamic response and can be used as input parameter for system calibr-
ation.

. More field testing should be done for development of a more reliable, user-friendly
variable rate application system suitable for China agriculture production situation.
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SAZETAK

Pojava kukuruzne zlatice donosi nove zahtjeve pred strojeve za aplikaciju
insekticida. Suzbijanje odrasle kukuruzne zlatice oteZano je zbog visine usjeva
kukuruza. U radu su predstavijene eksploatacijske karakteristike rasprsivaca sa
topom. Ventilator je kod rasprsivaca veliki potrosac pogonske snage i to u prvoj
brzini multiplikatora iznosi 31,4 kW, a u drugoj znatnih 54,9 kW. Zagonska
snaga jos je vecéa. Pri povecanju tlaka tekucine kod rasprsivanja ustanovijen je
linearan porast potrebne snage sa R’ ve¢im od 0,96.

Kljucne rijeci: kukuruzna zlatica, suzbijanje, rasprsivac sa topom, potrebna
snaga

UvOoD

Kukuruzna zlatica ili Diabratica virgifera virgifera LeConte §tetni je kukac koji unistava
usjeve kukuruza. U SAD-u predstavlja jednog od najznacajnijih Stetocina kukuruza. U
Evropi je prvi put nadena 1992. godine u Srbiji, u blizini aerodroma Surc¢in. U Hrvatskoj je
prvi put videna 1995. godine na podru&ju Zupanje. U Sloveniji smo prvu pojavu ovog
Steto¢ina registrirali u godini 2003 i to u istoénom dijelu Slovenije, Prekmurju i Podravju,
te u zapadnom dijelu drzave, Goriskom. Zakljuc¢ujemo da se radi Sirenju zbijenih populacija
sa istoka (Madzarska, Hrvatska) i zapada (Italija). Najvecu Stetu na kukuruzu prouzrokuje
larva koja zivi u tlu gdje vrta in ogrize korijene sve do osnove. Kukci se prehranjuju
cvjetnim prahom na metlicama i svilom na klipovima. Najznacajnija mjera suzbijanja i
sprecavanja Sirenja kukuruzne zlatice je primjeran plodored. Sve to nalaze i Odluka
evropske komisije i slovenski pravilnik o fitosanitarnim mjerama za preprecivanje Sirenja

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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kukuruzne zlatice. Za suzbijanje zlatice od posebnog znacaja je uniStavanje korova i
samoniklog kukuruza, obrada tla, gnojenje itd. Putem Skropljenja usjeva pokuSavamo
posti¢i dvostruki ucinak: smanjiti neposrednu $tetu, koju prouzrokuju kukci nagrizanjem
svile 1 prije svega sprijeciti odlaganje jajasca i na taj na¢in smanjiti populacijsku gustoéu
larvi u slijedec¢oj godini.

Insekticidi se nanose u slu¢aju kada Zelimo sprijeciti neposrednu Stetu koju prouzrokuju
kukci nagrizanjem svile (gluhoéa klipova) ili pak sprijeciti izlijeganje jajasca, Cime
utjeCemo na populacijsku gustocu larvi u slijedeé¢oj godini. U tu svrhu upotrebljavaju se
razli¢iti insekticidi, koje nanosimo na biljke kukuruza krajem srpnja i u prvoj polovini
kolovoza. U tom periodu kukuruz je ve¢ ve¢i od 2 m i to je glavni ogranicavajuéi kriterij za
upotrebu klasiéne mehanizacije za nanosSenje fitofarmaceutskih sredstava (FFS).

Odrasli usjev kukuruza predstavlja nov ciljni prostor, koji zbog svoje specifi¢nosti
iskazuje o$tra ogranicenja pri uporabi strojeva za nanosenje FFS. Nemoguda je upotreba
klasi¢nih strojeva za povrSinsko nanoSenje (prskalica sa armaturom za prskanje), jer ne
mozemo voziti traktorom iznad usjeva, koji je visok 3 m in vise. Drugi problem je kvaliteta,
odnosno kvantiteta nanosa $kropiva na ciljnu povrSinu biljaka (podruéje klipa) unutar tako
visoke in guste sastojine.

Zbog visokog kukuruza u vrijeme $kropljenja ne mozemo uporabiti klasi¢ne prskalice.
Jedina moguénost je visoko namjeStenje armature — iznad usjeva kukuruza i voznja po
njivi. Pri tome dolazi do "pregaZenja" dvaju redova izmedu kotaa traktora. Steta koja
nastaje kod toga, zavisi o odmicanju traktora od tla i o odrvenjenosti stabala kukuruza. Ako
su stabla manje odrvenjela, nakon prohoda traktora ne slome se, nego se ve¢im dijelom
podignu i prinos se zbog toga bitno ne smanji. Rezultati istrage (Rosner 2005) pokazuju da
gubici prinosa na podrucju prohoda traktora kod jace odrvenjelih biljaka koje su poprskane
kasnije, 11.8.2004, iznose 87%, a kod manje odrvenjelih biljaka, Skropljenih 2.8.2004,
gubici iznose samo 35 %. Gubici prinosa na cjelokupnoj povrsini zbog ostecenja biljaka pri
Skropljenju zavisni su i od radne Sirine prskalice obzirom na §irinu parcele. To vrijedi i za
proizvodnju zrnja. Ako pak proizvodimo silazni kukuruz za krmu ili za biomasu, onda
mozemo poznjevenu masu tih dviju vrsta (ili viSe obzirom na §irinu opreme pri $kropljenju)
upotrijebiti i zbog toga dolazi manjih gubitaka.

Zbog boljeg nanosa FFS na cjelokupni prostor usjeva, narocito na podrucje klipova, gdje
se na svili zadrzavaju odrasli kukci, moguce je na armaturo namjestiti cijevne produzetke
na Cijem kraju se nalaze po dvije mlaznice. Potrebno je prepraviti postojece armature kako
bi bili nastavci za mlaznice, odnosno produzeci na jednakim udaljenostima kao §to je
odaljenost izmedu redova usjeva.

Slijede¢a moguénost za bolji prodor FFS na prostor usjeva predstavlja uporaba potpore
zra¢noga toka, koja je prigradena na nekim prskalicama. Pri tom sistemu opet je nekoliko
problematic¢na visina zbog stabilnosti agregata.

Zrakoplovi za aplikaciju pesticida primjenjuju se naroito u Madzarskoj, ali to je
neprimjerno sa stanovista o¢uvanja okoliSa zbog drifta, posebice na manjim povrSinama,
kao $to je obicaj kod nas. Uporaba zrakoplova ima i odredene prednosti: nema mehanickih
ostecenja usjeva, ne dolazi do zbijanja tla a i nanos FFS je u¢inkovit.
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Prva iskustva suzbijanja odrasle kukuruzne zlatice u Slovenji

Posebne, namjenske traktore sa visokim odmicanjem (klirensom) od tla na koje su
prikljucene prskalice sa armaturom mogu se primjenjivati u usjevima odraslog kukuruza,
doduse zbog visokog teziSta samo na ravnim in poravnatim povr§inama.

Neki proizvodaéi strojeva za primjenu pesticida proizvode razprSivace sa radijalnim
ventilatorima, s kojima postizu vece tlakove zracnog toka, koji odnosi FFS na udaljene
ciljne povrsine. Dometi u visinu iznose do 25 m, a u horizontalnom smjeru do 36 m.

Sa pojavom kukuruzne zlatice u jugoistocnoj Evropi sve je viSe znanstvenih i struénih
radova gdje se analizira monitoring kukuruzne zlatice i njezine Stete (Urek 2004, Ivezié
2006, Dobrin¢i¢ 2002, Modic 2007). Manje je ispitano podrucje prskanja insekticida u
svrhu suzbijanja odrasle kukuruzne zlatice. Leskosek (2007) u Sloveniji vrsi preliminarna
ispitivanja rasprSivaca, Godesa (2007) razmatra razlicite tehnicke mogucénosti, a Poje et al.
(2007) vrse eksploatacijska ispitivanja rasprSivaca sa topom. Cilj ovog rada je utvrditi
eksploatacijske znacajke rasprSivaca sa topom kod suzbijanja kukuruzne zlatice.

METODIKA

U istrazivanju mogucnosti suzbijanja odrasle kukuruzne zlatice upotrijebili smo
traktorski noSeni rasprsiva¢ sa topom proizvodaca Unigreen. Rasprsiva¢ je imao spremnik
od 1000 1 za tekucinu i visoko tlatnu membransku crpku protoka 166 I/min. Za pogon
ventilatora rasprsivac je bio opremljen multiplikatorom sa dva stupnja prijenosa. U prvoj
brzini prijenosni omjer bio je 1 : 3,6 dok je u drugoj brzini omjer bio 1: 4,6. Ventilator je
radijalne izvedbe za koju je karakteristi¢na velika izlazna brzina zraka. Iz ventilatora izlazi
glavna cijev topa sa pokretnim izlaznim otvorom. Top je opremljen sa dva hidraulicka
cilindra, jedan sluzi za podeSavanje nagiba glavne cijevi topa dok se sa drugim regulira
polozaj izlaznog otvora. Kod izlaznog otvora nalazi se i manja cijev sa dva nosioca
mlaznica. | toj cijevi moZe se nastaviti njezin nagib i to rucno, a njena svrha je prskanje u
prednje redove kukuruza. Mlaznice su vrtloZzne i kerami¢ke sa otvorom 1,8 i 2 mm i
protokom 7,85 I/min, odnosno 8,6 1/min kod tlaka 15 bara.

Slika I Rasprsivac sa pokretnim topom za suzbijanje kukuruzne zlatice
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U vidu eksploatacijskih karakteristika istrazivali smo potrebnu snagu za pogon rasprsi-
vaca sa topom preko prikljunog vratila traktora kod razli¢itog prijenosnog omjera i
namjestenja pokretne cijevi topa. Za pogon raspr§ivaca upotrijebili smo traktor Fendt 714
Vario nazivne snage motora 111 kW. Mjerni lanac bio je sastavljena od tri dijela: senzora,
digitalnog mjernog pojacala i PC rafunala za prijem i obradu mjernog signala. Okretni
moment i broj okretaja priklju¢nog vratila mjerili smo pomocu dinamometra za mjerenje
momenta i prigradenog senzora vrtnje (T30 FN Hottinger Baldwin Messtechnik). Digitalno
pojacalo bio je SPIDER 8 Hottinger Baldwin Messtechnik. Frekvencija uzimanja podataka
iznosila je 10 Hz dok je duzina pojedinog mjerenja ovisila o vremenskom toku rada sa
rasprSivacem. Iz izmjerenog momenta i broja okretaja na prikljuénom vratilu izracunata je
potrebna snaga za pogon prikljucka preko prikljuénog vratila.

Snaga za pogon:

Pp = Mw (1)
n
P, =Mz % 2)
Znacenje oznaka:
P, - potrebna snaga za pogon rasprsivaca \%
M — moment na priklju¢nom vratilu Nm
o - kutna brzina rad
n — broj okretaja priklju¢nog vratila min™!
REZULTATI

Eksploatacijske karakteristike rasprSivaca utvrdivali smo na usjevu kukuruza na
podrucju osrednje i isto¢ne Slovenije. Izvedena su mjerenja kod kojih smo upotrijebili ¢istu
vodu i mjerenja kod kojih smo upotrijebili adekvatni insekticid. U istrazivanjima bioloske
efikasnosti insekticida upotrijebili smo deltametrinski produkt DECIS 2,5 EC. U usporedbi
sa kontrolom ustanovljena je 85 % efikasnost upotrijebljenog insekticida. Pokazalo se je da
se moze takvom aplikacijom pesticida znatno smanjiti populacija kukaca. Sa
vodoosjetljivim mjernim listi¢ima utvrdeno je da se moze raspr§iva¢em sa topom kvalitetno
izvoditi aplikaciju Skropiva izmedu 15 1 20 metara radne Sirine u zavisnosti od razvojnog
stadija usjeva kukuruza. Pri prolazu rasprSivaca pored kukuruza veliki tok zraka kojeg
ostvaruje ventilator nekoliko savije stabljiku kukuruza (radi nastalog vjetra). Posle prolaza
rasprsivaca kukuruz se vraca u prvobitan polozaj. Kod nasih ispitivanja nismo primijetili
ostecenje kukuruza uslijed toka zraka.

Kod rasprsivaca ventilator je velik potroSac snage (energije). Za sam zagon rasprsivaca
bio je u prvoj brzini ventilatora izmjeren maksimalan moment 8§13 Nm i najveéa potrebna
snaga 46,8 kW. Ako se multiplikator prebaci u drugu (brzu) brzinu tada je kod zagona
stroja izmjeren maksimalni moment 1142 Nm te zagonska snaga 68 kW. Kod normalnog
rada rasprSivaca u prvoj brzini ventilatora izmjeren je prosjecni moment 531 Nm dok je u
drugoj brzini izmjereno 947 Nm. Prosje¢no potrebna snaga za pogon stroja u prvoj brzini
ventilatora iznosi 31,4 kW, a u drugoj brzini ventilatora 54,9 kW.
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Slika 2 Potrebna snaga na prikljuénom vratilu traktora za pogon rasprsivaca s obzirom na
stupanj prijenosa multiplikatora ventilatora

Obavljena su i mjerenja potrebne snage za pogon kod razlicitog tlaka crpke. Tlak smo
mijenjali od 5 do 20 bara sa razmakom od 5 bara. Mjerenje je bilo izvedeno tako sa
manjom kako i sa ve¢om brzinom prijenosa multiplikatora. Iz pojedinih mjerenja izvucena
je prosjecna snaga za pojedini tlak i brzinu. Iz ovih vrijednosti izracunata je linearna
regresija za obije brzine multiplikatora. Obadvije imaju vrlo visoki R? &ija je vrijednost
iznad 0,96. Sa povecanjem tlaka raste i potrebna snaga za pogon rasprsivaca.
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Slika 3 Potrebna snaga za pogon rasprs§ivaca kod razlicite brzine okretanja ventilatora i
razlicitog tlaka tekucine

Rasprsiva¢ ima savitljivi (pokretni) top kome se moze podeSavati nagib cijevi topa i
nagib samog izlaznog otvora. Polozaj cijevi topa takoder utjece na potrebnu snagu za pogon
ventilatora. Mjerenja su izvedena kod razlicite brzine okretanja ventilatora te kod nagiba
glavne cijevi topa izmedu 40 i 90 stupnjeva. Izlazna glava bila je uvijek podeSena
vodoravno. Iz pojedinih mjerenja izracunata je prosjecna snaga i dalje je izracunata linearna
regresija. Sa povecavanjem kuta nagiba cijevi pada potrebna snaga za pogon ventilatora.
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Slika 4 Potrebna snaga za pogon ventilatora kod razli¢itog polozaja cijevi topa i razlicite
brzine okretanja ventilatora.

ZAKLJUCAK

Pojava kukuruzne zlatice donosi nove zadatke kod primjene insekticida za odrasle
kukce. Njeno suzbijanje je u Sloveniji zakonski regulirano, najprije zbog njezinog Sirenja a
zatim i zbog ekonomske Stete koju moze prouzrokovati. Suzbijanje odrasle kukuruzne
zlatice otezano je zbog visine usjeva kukuruza. Izvedeni su pokusi aplikacije insekticida
pomocu rasprsivaca sa topom i ustanovljene su neke njegove eksploatacijske karakteristike.
Ustanovljeno je da je ventilator veliki potrosa¢ pogonske snage i da ona raste sa
povecavanjem tlaka tekuéine. Prosjecno potrebna snaga za pogon stroja u prvoj brzini
ventilatora iznosi 31,4 kW, a u drugoj brzini ventilatora 54,9 kW.
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FIRST EXPERIENCES IN THE CONTROL OF ADULT
WESTERN CORN ROOTWORM IN SLOVENIA

ABSTRACT

The appearance of western corn rootworm brings new challenges to machines
used for pesticide spraying. The control of western corn rootworm is difficult due
to the height of the maize crop. The current paper presents the exploitation
characteristics of mistblower with cannon. Ventilator of mistblower is a big
consumer of driving power amounting at the first speed of multiplier to 31.4 kW
and at the second speed to 54.9 kW. The starting power is even higher. At the
increase of liquid pressure during spraying a linear growth of the required power
with R? higher than 0.96 was determined.

Key words: western corn rootworm, control, mistblower with cannon,
required power
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SAZETAK

U hmeljarstvu se upotrebljavaju specijalne izvedbe rasprsivaca sa ugradenim
ventilatorima, koji mogu biti veliki potroSaci energije. Na osnovu izmjerenog
momenta i broja okretaja prikljucnog vratila ustanovili smo potrebnu snagu za
pogon troje razlicitih rasprsivaca kod razlicite brzine okretanja ventilatora.
Rasprsivac¢ sa oznakom C u visoj brzini okretanja ventilatora angazira 53,2 kW
snage, Sto je previse za normalan rad s plantaznim traktorom. Rasprsivaci
oznake A i B zbog konstrukcije, odnosno manjeg prijenosnog omjera na
multiplikatoru angaziraju od 29 do 38 kW pogonske snage bez obzira na stupanj
prijenosa kod ventilatora.

Kljucne rijeci: hmelj,rasprsivac, ventilator, potrebna snaga

UvoD

U Sloveniji se vlastitim zakonodavstvom na podrucju poljoprivrede medu ciljevima
agrarne politike posebice naglasava zastita poljoprivrednih zemljista od zagadivanja i
nesmotrene eksploatacije kao i realizacija principa zastite okoliSa i oCuvanja prirode. Uz
temeljnu gospodarsku i socijalnu ulogu poljoprivrede moramo biti usmjereni ka poticanju
okolisu prijazne poljoprivredne djelatnosti koja bi odrzavala razli¢itost zivotinjskih i biljnih
vrsta, oCuvala plodnost tla i §titila prirodne uvjete potrebne za zivot u tlu, vodi i1 zraku.
Temeljni zadatak tehnike aplikacije pesticida je dakle smotreno, gospodarno i za okoli$
prihvatljivo nanoSenje adekvatno pripremljenih kemijskih produkata na ciljne povrSine,
koje istovremeno znaci i odredenu intervenciju u prostor. Ako ih dakle ho¢emo ucinkovito i
sigurno primjenjivati, moramo puno znati o njima samima, a vrlo dobro moramo poznavati
i odgovarajucée strojeve i uredaje, jer njihova primjerna kvaliteta i pravilno rukovanje s

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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njima omogucuju vecu efikasnost kemijskih sredstava i manji unos nezeljenih tvari u okoli§
(Leskosek 2004). Aplikacija fitofarmaceutskih sredstava (FFS) po nasadima hmelja zbog
specifi¢nosti nasada spada medu zahtjevnije radove. Nasad hmelja je gust i visok nasad i
kod 2,4 m udaljenosti medu redovima na jednom hektaru obi¢no se nalazi i do 4200 biljaka.
Kod nas su nasadi hmelja u prosjeku visoka izmedu 6 i 7 m, a indeks lisne povrsine u
zavisnosti od sorte iznosi od 9 do 13. Usprkos intenzivnim nastojanjima za pronalaskom
drugih nacina, odnosno postupaka nanosenja FFS, kod nas je jo§ uvijek rasireno klasi¢no
rasprSivanje nasada hmelja. Pri tretiranju nasada upotrebljavamo vucene aksijalne
raspriivace kapacitete zra¢nog puhala izmedu 90000 m® i 120000 m’ koji usisavaju zrak
straga i pod kutom 90° ispuhavaju ga u nasad (Ka¢ 1989). U konvencionalnoj proizvodnji
usprkos mnogim obavljenim pokusima jo$ se uvijek upotrebljavaju velike koli¢ine vode.
Preporucena potroinja vode je dakle 400 1 po metru visine hmelja (Zolnir 1991, 1993).
Usprkos velikoj koli¢ini potrosene vode i ucinka rasprSivaca nemoguce je osigurati
ravnomjernost nanosa FFS. Do lokalnih predoziranja dolazi prije svega u redovima uz
koloteke gdje je udio depozita toliki da moze prouzrokovati slijevanje kapljica i otjecanje,
dok je kvaliteta depozicije u drugom i tre¢em redu od koloteka, narocito u vrhu biljke, bitno
manja.

Glavnina proucavanja upotrebe rasprSivac¢a u hmeljarstvu vrsi se na podru¢ju kvalitete
nanosa FFS i efikasnosti pojedinih FFS. Poje (2000, 2001 i 2007) ispituje potrebnu snagu
za pogon rasprsivaca sa promjenljivom koli¢inom zraka, angaziranom snagom za pogon
crpke, a vr$i 1 proucavanja potrebne snage za pogon rasprSivaca za hmeljarstvo. U
hmeljarstvu se upotrebljavaju specijalne izvedbe traktora — plantazne traktore, kod kojih je
pogonska snaga limitirana i kod najsnaznijih traktora iznosi maksimalno 66 do 76 kW (90
do 100 KS). Rasprsiva¢ moze biti sa svojim ventilatorom dosta veliki potrosa¢ pogonske
energije traktora. Cilj rada je ustanoviti potrebnu snagu za pogon razli¢itih rasprsivaca zbog
limitirane snage traktorskog motora plantaznih traktora.

METODIKA

U vidu eksploatacijskih karakteristika istrazivali smo potrebnu snagu za pogon razlicitih
rasprSivaca koji se upotrebljavaju u hmeljarstvu. Za pogon rasprsivaca upotrijebili smo
traktor Steyr 495 Kompakt, nazivne snage motora 66 kW. Mjerni lanac bio je sastavljen od
tri dijela: senzora, digitalnog mjernog pojacala i PC racunala za prijem i obradu mjernog
signala. Okretni moment i broj okretaja prikljuénog vratila mjerili smo pomocu
dinamometra za mjerenje momenta i prigradenog senzora vrtnje (T30 FN Hottinger
Baldwin Messtechnik). Digitalno pojacalo bio je SPIDER 8 Hottinger Baldwin
Messtechnik. Frekvencija uzimanja podataka iznosila je 10 Hz, dok je duZina pojedinog
mjerenja ovisila o vremenskom toku rada sa rasprSivaéem. Iz izmjerenog momenta i broja
okretaja na priklju¢nom vratilu izraCunata je potrebna snaga za pogon prikljucka preko
priklju¢nog vratila.

Snaga za pogon:

P, = Mw (1)
P - Mr— 2
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Znacenje oznaka:
P, - potrebna snaga za pogon rasprSivaca \%

M — moment na priklju¢nom vratilu Nm
o - kutna brzina rad
min™!

n — broj okretaja priklju¢nog vratila

Tablica 1 Glavni tehnicki podaci za rasprsivace

Oznaka rasprsivaca A B C
Proizvodac Hans Wanner GmbH NOBILI E.STEINER
Myers Turbo Star N EURO 105 -
Model 3000 3000 T SORARUI 3000
Volumen rezervoara (1) 3000 3000 3000
Broj okretaja PV (okr./min) 540 540 540
Masa rasprsivaca (kg) 880 910 1330
Annovi Reverbi Catterini Pompe
Crpka COMET IDS 1400 BHS 160 CP 150 K
Protok crpke (I/min) 136 150,6 148
Ventilator (tip/promjer) Aksialni/1050 mm AkSI?LI;HMOSO Aksialni/1050 mm
Kapacitet ventilatora (m*/h) 90000 90000 85000
REZULTATI

Potrebnu snagu za pogon rasprSivaca preko prikljuénog vratila utvrdivali smo kod
stacionarnih mjerenja. Svi raspr§iva¢i opremljeni su mjenjatem za ventilator, koji
omoguéava 2 brzine kretanja i neutralnu poziciju. Mjerenja su izvedena kod obije brzine
okretanja ventilatora. Najprije smo utvrdivali snagu za pogon samog ventilatora, a kasnije
smo ukljucili jos i crpku, koju smo podesili na 20 bara radnog tlaka. Izveden je bio i sklop
mjerenja potrebne snage za pogon same crpke kod koje smo mijenjali radni tlak.

Tablica 2 Izmjeren prosjecni moment i izracunata prosjecna snaga za pogon crpke kod troje
razli¢itih radnih tlakova

0 bar 10 bar 20 bar
Rasprsivac Moment Snaga  Moment Snaga Moment Snaga
(Nm) (kW) (Nm) (kW) (Nm) (kW)
A 10,1 0,58 70,2 4,02 112,7 6,42
B 9,1 0,52 91,9 5,29 139,6 8,00
C 46,9 2,73*% 71,8 4,17 113,1 6,54

* Kod rasprsivaca C nije bilo mogude nastaviti crpku na 0 bar. Najmanji mogudi tlak iznosio je 2 bara, zato so tu
vrijednosti za moment i snagu relativno visoke.
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Slika I Rasprsivac s oznakom C kod mjerenja potrebne snage za pogon preko priklju¢nog
vratila

Na slici 2 prikazano je mjerenje izvedeno na rasprSivacu s oznakom B s ventilatorom
ukljucenim na sporiju brzinu okretanja. Slicne oscilograme dobili smo i kod mjerenja istog
rasprSivaca s uklju¢enim drugim stupnjem prijenosa (2. brzina okretanja) ventilatora te za
druga dva rasprsivaca sa oznakom A i C. Na oscilogramima izabrali smo segmente
mjerenja gdje je bio odredeni rezim rada veé uspostavljen. Izracunali smo prosjecni i
maksimalni moment te prosje¢nu i maksimalnu snagu na prikljuénom vratilu.
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Slika 2 1zracunata angazirana snaga na priklju¢nom vratilu kod pogona rasprsivaca B.
Mjenjac ventilatora bio je nastavljen na 1. brzinu. Segment oscilograma oznacen s tanjom
strelicom pokazuje segment samo s pogonom ventilatora. Segment oznacen s debljom
strelicom pokazuje segment u sluc¢aju kada je pored ventilatora ukljucena jos i crpka sa 20
bara radnog tlaka

192



Potrebna snaga za pogon rasprsivaca u hmeljarstvu

Tablica 3 Prosjecan i maksimalan moment te prosjec¢na i maksimalna snaga

angazirana na priklju¢nom vratilu traktora za pogon triju razlicnih

rasprsivaca pri razli¢itim brzinama ventilatora (puhala) i crpki koja je,
odnosno nije u pogonu

2 = Moment (Nm) Snaga (kW)
2 g g T
> s 9 2 £
7 £ & S &
a. NT = o e . .
5 m § % ) Prosjecni Max Prosjecna Max
S m
NE 538 310,3 334,0 17,4 18,8
1.
DA 552 4288 4433 24.8 25,6
A
NE 545 579,2 597.4 33,0 34,0
2.
DA 524 615,9 634.8 33,8 34,8
NE 543 371,5 384,8 21,1 21,8
1.
DA 539 488,5 501,4 27,6 28,3
B
NE 540 562,1 576.,4 31,7 32,6
2.
DA 534 6742 690,9 37,7 38,8
NE 542 4925 510,0 27,9 28,9
1.
DA 539 547,8 559,0 30,9 31,6
C
NE 550 881,1 911,9 50,7 52,4
2.
DA 548 926,8 951,4 53,2 54,6

Iz analize podataka i slike 3 vidi se da je kod rasprSivaca A potrebna snaga u 2. brzini
okretanja ventilatora veca za 36,3 % u usporedbi sa potrebnom snagom za pogon u 1.
brzini. Vrlo sli¢an je i odnos kod rasprsivaca B, gdje povecanje potrebne snage u 2. brzini
okretanja ventilatora iznosi 36,6 %. Rasprsivac C isti¢e se porastom snage u drugoj brzini
za 72,2 % u usporedbi s manjom brzinom okretanja ventilatora. Rezultati se mogu
obrazloziti s konstrukcijom rasprSivaca, odnosno s prijenosnim omjerom multiplikatora
ventilatora. Kod rasprSivaca A i B iznosi omjer u drugoj brzini 1 : 4, dok je kod rasprsSivaca

C ovaj omjer ¢ak 1 : 4,5.
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Slika 3 Prosje¢no angaZzirana snaga za pogon rasprsivaca s ukljucenim ventilatorom na
razli¢ite brzine i s uklju¢enom crpkom na 20 bara radnog tlaka

ZAKLJUCAK

Upotreba plantaznih traktora u hmeljarstvu ogranicena je s pogonskom snagom motora,
koja iznosi do 66 (76) kW. Rasprsivaci, koji se primjenjuju u hmeljarstvu, veliki su
potrosaci pogonske snage zbog ugradenog ventilatora. Snaga traktorskog motora koristi se i
za vucu rasprSivaca te za samo kretanje traktora i proklizivanje pogonskih kotaca. U
usporedbi trojice raspr§ivaca ustanovljeno je da treba za pogon same crpke kod 20 bara
radnog tlaka od 6,4 od 8,0 kW snage. Kod ukljuene crpke i ventilatora raspr§iva¢ C u
prosjeku angazira 53,2 kW snage, §to je previse za adekvatnu i sigurnu upotrebu plantaznih
traktora. U niZoj brzini okretanja ventilatora potrebna snaga je usporediva sa angaZiranom
snagom rasprsivaca A i B.
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POWER REQUIRED FOR DRIVING OF MISTBLOWER
USED IN HOP GROWING

ABSTRACT

In hop production specially made mistblowers with built in ventilators are
used which have proven as big energy spenders. On the basis of torque measured
and number of revolutions of PTO shaft, power required for driving of three
different mistblowers at different rotation speed of ventilator was determined.
Mistblower designated with the sign C engages 53.2 kW of power at higher
rotation speed, which is a too high value for normal work with plantation tractor.
Mistblowers designated A and B engage from 29 to 38 kW driving power due to
their construction type and lower gear ratio on multiplier regardless of gear
ratio of ventilator.

Key words: hop, mistblower, ventilator, required power
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SUMMARY

One of the most important things for plant protection that is performed by
using sprayers is to determine whether any spray system works within desired
limits or not. The changing of spraying characteristics happens by different spray
equipment under different working and application conditions. For this reason,
which part or parts of sprayers affect the spraying characteristics and how this
happens must be determined. At the same time, the effects of different
applications and working conditions on the spraying characteristics must also be
determined carefully. In this way, it can be decided that spraying and sprayers
are suitable for a particular aim.

In this research, corrosion in valve parts and valve springs of sprayer pumps
were investigated, and toward achieving this goal, a total of 200 springs (100
new unused springs and 100 used springs) were examined. After the tests, spring
coefficient values, displacement amounts, and frequencies were determined.
Changes in new and used springs were determined by using the research
findings.

In this study, all the valves used for tests had plastic trunks. These valves were
different from the materials of flat discs. When valves were examined, it was
found that all parts of valves except spring itself can be produced fully with
plastic materials or they can be produced partially out of plastic (trunk) and
metal materials (other parts). Measurements showed that flat discs made of metal
material are thicker than the others. Also, big differences between the
measurement results of new plastic and metal materials were not observed. The
reason for this can be attributed to the fact that plastic materials are produced by
a casting process. Measurement differences are observed in metal parts because

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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these parts are produced one by one manually. In the research region, it was
determined that 73% valves are made of plastic materials.

Flat disc thickness (B1) values were found to be thicker in metal discs than in
plastic discs. Bl values were found to be 2.52 mm for plastic materials and 1.40-
2.52 for metal materials. After using these valves, plastic discs became 4%
thinner and metal discs became 45% thinner than new valves. Flat disc diameter
(B3) decreased for used valves. This decrease was found to be 3.5% for metal
discs and 1.34 % for plastic discs. The total height of valve head (B2) decreased
17.61% for plastic heads and 39.6% for metal heads. The height of bearing part
of valve head (B4) decreased 13 % for plastic heads and 14% for metal heads.
The diameter of bearing part of valve head (BS5) decreased due to the stroke of
flat disc to valve head. Corrosion ratios were found to be 2.34 % for metal valve
heads and 0.6 % for plastic heads.

Key words: valve, pump, sprayer, corrosion

INTRODUCTION

Agricultural mechanization plays a very crucial role in increasing crop yields year by
year. In today’s world, agricultural mechanization serves a couple of purposes: to enhance
the effectiveness of other agricultural applications, to provide economic efficiency of
agricultural business, and to improve the working conditions of the farmers. For the crop
yields of any country to reach sufficient levels to maintain the people of that country, it is
necessary to make the best use of the production surplus, to increase the types of crops and
to integrate technological advances into the business of agriculture.

At the heart of all these advances should lay the need to increase the efficiency of unit
production both quantitatively and qualitatively and to make the best use of the agricultural
potential. Increasing the crop yield for unit area of land depends on two important factors:
fight against agricultural illnesses and pesticides. To get the maximum benefit from
agricultural pests, the pesticides should sprayed onto the appropriate places of any plant in
equal amounts and should also be applied economically in a environmentally-friendly
manner with minimum or possibly no amount of environmental risk.

The critical factor in the fight against agricultural war on pesticides with sprayers is to
determine whether spraying is applied in the target amounts set previously. To do so, it is
required that spraying characteristics of a spraying machine and the factors which have
effects on those characteristics be determined. In chemical applications, plant types, climate
conditions, pesticide standards, the time of spraying, the size of drop diameter, the chemical
ingredient of the liquid and the ratio of surface coating all play a role.

Spraying characteristics can vary depending on the spraying machines with varying
degrees of structural properties, different applications, and working conditions. Therefore,
it is necessary to fully determine the effects of functional components of the spraying
machine on the spraying along with the impacts of different applications and different
working conditions. However, it is only in this way that the suitability of the spraying and
the machine used to spray the field can be determined.
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In this study, unused valve springs and used springs which were regarded as a problem
in the valves in sprayers depending on their usage time in plant protection applications were
examined, and the general characteristics of these springs were determined and compared.

MATERIAL AND METHODS

Materials

This research was carried out at the laboratory of Department of Agricultural Machinery,
Agricultural Faculty, Namik Kemal University. In the laboratory, the tests were conducted
using 100 new and 100 used springs in varying sizes made of spring steel St 70 (DIN
17223), a setup to determine the characteristics properties of springs (Figure 1), and five
masses each weighing 100 grams to determine the amount of displacement.

--— T
3

X

Al

mg
Figure 1 The system prepared to measure the properties of spring
The valves used in this research are categorized into two main groups: those with plastic

body and those with metal body. Valve springs consist of a spiral spring, a disc, a valve
bearing and a main body (Figure 2).

Walve bearing
Wlain
body \
disc

spiral spring

Figure 2 A complete valve
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Methods

New valves commonly available in the market were acquired and replaced with the
valves used by the local farmers in the city of Tekirdag. During this exchange, a special
emphasis was put on the fact that these valves should have worked at least 100 hours. The
measurements and observations on these valves were recorded and reported. The changing
properties of used and unused valves were determined separately and then were charted.

Calculation of Spring Displacement

The function of a spring is to keep the valve open or close or at least to help these
movements take place. In order to measure displacement amounts of springs, a special
setup was prepared and different types of springs were connected to it. For each spring,
masses each weighing 100 grams were hung one by one to the point these spring could bear
them and then these masses were removed from the setup. For each both cases,
displacement measurements were made. Displacement amount (xy) was determined to be
the difference between these measurements.

Calculation of Spring Coefficients

Spring coefficient is a critical factor which affects the dynamic performance of a system
(Kamis and Yuksel, 2004). Spring coefficient is determined to be the ratio of applied
weight to the amount of displacement. The equation is given below:

k= 9810[ﬂ] (1)

xst

Where k: is spring coefficient (Nm™), m is mass (kg) and x is amount of displacement
(mm).
Calculation of springs’ Undamped Natural Frequencies

Using the static spring displacement continuation values, the theoretical undamped natu-
ral frequencies of a spring can be set (Sabanci, 1984). To achieve this goal, the amount of
spring displacement continuation is used for certain masses and springs’ degrees of
damping are neglected in this equation.

Based on this, undamped natural frequency can be set with the following equation:
fa=(1)/ 2m) 4/ (k) / (m) = (1)/2m) /(8)/ (Xgt) 2)
Where ; f, is undamped natural frequency (Hz), g is gravitational momentum (9.81 m s™)

In this research, undamped natural frequencies of springs were determined for each mass
starting from 200 grams a spring can support according to its property.

RESULTS AND DISCUSSION

Generally speaking, in valves, spring strength is overcome as a result of the effects of the
pressure. A disc hits the valve bearing when functioning. The way the disc works affects
the valve measurements B4, BS, and B6 (Figure 3).
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In this study, all the valves used for tests had plastic trunks. These valves were different
from the materials of flat discs. When valves were examined, it was found that all parts of
valves except spring itself can be produced fully with plastic materials or they can be
produced partially out of plastic (trunk) and metal materials (other parts). Observations
showed that flat discs made of metal material are thicker than the others. Also, big
differences between the measurement results of new plastic and metal materials were not
observed. The reason for this can be attributed to the fact that plastic materials are produced
by a casting process. Measurement differences are observed in metal parts because these
parts are produced one by one manually. In the research region, it was determined that 73%
of valves are made of plastic materials.

When the unused springs were examined, the measurement results (B1, B2, B3, B4, BS,
B6) were determined as they were given in Table 1. The differences in these values were
thought to be the highest corrosion ratio.

B1 value is thinner in metal materials compared to plastic materials. This value for
unused valves with plastic materials was found to be on average, 2.52, but it varied between
1.40 and 2.52 for metal materials. After the valves were used, the materials became thinner:
4% for plastic materials and 45% for metal materials. B3 value showed corrosion for
unused valves. This ration was 3.5% for metal materials and 1.34% for plastic materials.

B2 value was examined and found to be 17.61% in plastic materials, and 39.6% for
metal materials. For B4 values, the change was determined to be 14% for metal materials,
and 13% for plastic materials.

BS5 value showed corrosion since disc hit the valve bearing. The ratio of corrosion was
2.34% in metal materials, and 0.6% in plastic materials.

B;

Figure 3 Disc and valve bearing measurements

In Table 2, the values (A) for changes in base heights for old and new valves can be
seen. When spring disc pressurizes on the spring, it hits the S surface as seen in Figure 4.
This surface is made of plastic, and as it is used it shows corrosion. When used and unused
valves were compared, these surfaces were examined. As a result, it was found that the
plastic disc corroded at a percentage of 17.87, while the metal disc became corroded at a
percentage of 8.18.
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Table 1 New and old valve measurements (mm)

Bl B2 B3 B4 B5
Plastic Metal Plastic Metal Plastic Metal Plastic Metal Plastic Metal
B2 8 2 8 B ©W B W B2 W B B OB T B "™ OB T OB T
g2 © g2 © g © g © g g g < g ° g 5o° g ©

<+ o S o o o o o < o
o v a4 a4 a o % < < v S O o ® S o
o N n XN G o o O W B S B o N O~
Y Q@ Q@ q @ @ @ @ g q o g — — g - < qg g q
N O O ¥ O O O A OV S Y o o v o O N T o <
m ¥ % 9 " & & o = A =& @9 a % a5
N [\l — — on (q\| [o\] (o] le) wv) v o0 el o0 o~ O ~ O

SIS AN = = = N &

S —

e

Figure 4 The surface which valve bearing hits when compressing the spring

Table 2 Some measurements of metal and plastic valve bearings

Valve bearing material

Plastic metal
new old new old
1= o
. = XN
Base height (A) (mm) ~ ~ ) S
< - < —
N =) — -
— (\! — .
= S

As is seen in Figure 5, the corrosion levels in valves having working 100 hours can be
casily observed, even with the naked eye.

The springs used in this study were manufactured using stainless steel type DIN 4310 X
12 Cr Ni 17 7. All the springs were connected to the setup roof, and displacement amounts
were measured. The springs were added masses as much as they could bear, and the
corresponding displacement amounts were recorded for each mass. The results of the
measurements were given in Table 3.
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Figure 5 Images of some used valves

Table 3 The results of spring measurements for metal and plastic used and unused valves
(min-minimum, max-maximum) (mm)

Plastic Metal
Not used Used Not used Used
Length of unloaded spring (C) 20.08-21.44 10.00-18.40 23.20-24.60 17.60-30.48
Length of loaded spring (C,) 7.10 4.40-7.30 6.40-7.40 4.90-7.70
Maximum Inside(D) 20.90-20.92 20.0-21.60 19.54-20.36 19.62-21.92
winding
diameter
Outside(E) 23.20-23.50 22.0-23.70 22.28-22.82 21.56-23.90

Diameter of wire (F) 1.18 1.00-1.24 1.00 1.00-1.18
Number of Rings 5 5 6 6
Spring Period (T) 200g 53 4.48-6.65 4.48-6.34 4.01-6.64

300g 6.02-6.34 5.30-8.27 6.01-7.50 5.67-8.74

400g 7.23-7.50 6.34-10.00 6.94-8.73 6.34-9.61
Spring Frequency (f) 200g 1.86 1.48-2.20 2.19-1.55 1.48-2.46

300g 1.56-1.64 1.19-1.86 1.64-1.31 1.28-1.73

400g 1.31-1.36 0.98-1.56 1.42-1.13 1.02-1.55
Spring Coefficient (k) 200g 0.28 0.18-0.39 0.19-0.39 0.18-0.49

300g 0.29-032 0.17-0.42 0.21-0.32 1.15-0.36

400g 0.28-0.30 0.16-0.42 0.20-0.32 0.17-0.39

203



E. Kilic, I. Celen, T. Aktas

Figure 6 Some used valve springs

CONCLUSIONS

A carefully selected valve spring should make the valve open and close at the right time
depending on the pump working pressure, working conditions, and system temperature.
Along with these factors, spring coefficient plays an important role in achieving a reliable
and safe valve performance. The selection of the springs in valves has an important effect
on the valve performance. Improving the valve performance relies on a quality spring
which acts as the controller of valve timing.

In a valve mechanism simply consisting of a mass and a spring system, as the spring
coefficient increased, the response time of the system decreased.

Depending of how hard a spring is, the response time of a system will increase.
However, it is also necessary to increase the pressure to open the valve. If a hard spring is
used in any system, then during the closing of the valve, spring will hit the disc and valve
bearing much faster. This will, in turn, increase the extent of corrosion and will lower valve
strength. Corrosion on the valve will also negatively affect pump performance. If springs
are soft, then the valves will not close at the requested point, and this will worsen the
response time of the pump. Selecting the right spring will increase the valve strength and
improve pump performance.

Thanks to the effects of chemicals, it was observed that cross sections of springs became
thinner. As the thickness of wire decreased, displacement amount increased, and spring
coefficient and natural frequency decreased. This meant that the spring became softer.
Because of the effects of the agricultural pesticides, disc and valve bearings became
corroded.

Due to assembly errors, springs did not properly function and sprang out of its axis. As a
result, the degree of friction between the springs and the main body increased, thereby
causing the spring to become thinner.

The selection of appropriate spring material and investigating different spring types will
both eliminate valve corrosion and increase valve performance.
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It was observed that new springs have different coiling numbers. This would negatively
affect the spring coefficient and spring frequency.

The size of plastic discs and plastic valve bearings showed no variations; however, there
were some variations in the size of metal discs and metal valve bearings.

Since plastic valve mechanisms were produced using a mould the parts were produced to
a certain standard, all having the equal measurements, but metal valves were manufactured
manually, and this, in turn, caused some differences in the measurements of the parts.

Deep scratches were observed on the surface of the disc (Figure 5). These scratches were
found to be the results of corrosive effects of such materials as dust and dirty air which
were mixed with the agricultural pesticides on the disc surfaces. In this reason, the filtering
mechanism in the system should be made to work effectively.

Improving pump valves will lower pump valve maintenance costs.
Determining the valve defects and removing them will increase the pump performance.

It is determined that as new masses were added to the spring, amount of displacement
increased proportionally.

Natural frequency is in inverse proportion to mass increases.

As natural frequency decreases, amount of displacement increases.
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SAZETAK

Proucavan je utjecaj visine otkosa na potrosnju goriva i utroseno vrijeme
prilikom kosnje rotacionom kosilicom za parkove Antonio Carraro TTR 4400
HST. Trava se svaki put kosila nakon Sto je postigla visinu 12 cm na tri razlicite
visine A—8 cm, B— 6 cm i C— 4 cm. Za vrijeme dvomjesecnog pokusa na visinu
A pokoseno je Cetiri puta, na B pet puta a na C Sest puta. Kod varijante A
prosjecna potrosnja goriva iznosi 51,79 ml (12,33 l/ha), a prosjecan utrosSak
vremena 52,33 sekundi (3h 57 min/ha), dok se kod varijante B poveéala na 59,00
ml (14,05 l/ha) i 59,7 sekundi (3h 57 min/ha) odnosno na 74,31 ml (17,63 l/ha) i
74,37 sekundi (4h 55 min/ha) u varijanti C. Varijanta A statisticki je znacajno
manja od B i C, a takoder B od A i C. Zbog razlicitog intenziteta kosnje trave te
prema prosjecno potroSenom gorivu i potrebnom vremenu po jednom hektaru u
proucavanim uvjetima trave najprihvatljiva bi bila visina otkosa od 6 cm Sto je
ispitano u varijanti B.

Kljucne rijeci: kosnja, kosilica za parkove, trava, utrosak goriva, utrosak
vremena

UvOoD

Pri negovanju ve¢jih povrsin okrasnih trat se sreujemo s problemom optimalne visine
kosnje in dolocitve intervala kosnje. Pri zelo nizki ko$nji je stroj zaradi rastlinske mase zelo
obremenjen, zato se zaradi pocasne kosnje poveCujeta tako poraba goriva kot Casa.
Podobno narascata poraba goriva in ¢asa tudi pri zelo visoki ko$nji, saj se povecuje Stevilo
kosSenj v sezoni-

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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Trata uspesno fotosintetizira le, e je v celoti razvita. Nasprotno pa ima prenizko kosena
trata omejeno listno povrsino in s tem omejeno fotosintezo, ki je potrebna za njeno dobro
kondicijo. Prirast listne povrSine je neposredno odvisna od viSine trate ter skupne mase
koreninskega sistema. Raziskave so pokazale, da se koreninski sistem razvija dvakrat
hitreje, e je trata koSena na visSino 50 mm, v primerjavi s trato koseno na visino 20 mm.
Trata, koSena prenizko ima namre¢ slabo razvit koreninski sistem z malo skupno maso
koreninskega sistema (Polomski, 1999).

Kos$nja mora biti zato tako pogosta, da pri posameznem odkosu ne pokosimo ve¢ kot 1/3
viSine trate. Na primer, ¢e je viSina ko$nje 60 mm, moramo kositi pri visini trate 90 mm.
Ob upostevanju tega pravila v ¢asu intenzivne rasti, kosimo tudi ve¢ kot enkrat tedensko
(Pound in Street, 2006).

MATERIAL IN METODE DELA

Lokacija poskusa

Konec aprila 2006 smo zaceli poskus v botani¢nem vrtu, v delu starih odpornih sort
sadnega drevja. Poskus je bil zasnovan na podlagi deljenih parcel v nakljuénem bloku in je
zajemal tri razline viSine kosSnje v §tirih ponovitvah. Ugotavljali smo optimalno vi§ino
kosnje in intervale kosnje ter njihov vpliv na porabo goriva in ¢asa.

Slika 1 Poskusno polje po opravljeni prvi kosnji na razli¢ne visine
Figure 1 Experimental field mowed on the different heights after the first mowing pass
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Utjecaj visine otkosa trave na potrosnju goriva kosilice za parkove Antonio Carraro

Pred pricetkom poskusa 3. 5. 2006 smo 21. 4. 2006 opravili Cistilno kosnjo na visino 6
cm. V proucevanje so bila vklju¢ena naslednja obravnavanja:

A — visina kosnje 8 cm,
B — viSina kos$nje 6 cm,
C — viSina kosnje 4 cm.

Obravnavanja smo kosili v razli¢nih terminih, vendar pa je trava v vsakem obravnavanju
morala doseci viSino 12 cm. Na sliki 1 se vidi razpored poskusnih parcel z vmesnimi
varovalnimi pasovi. Velikost posamezne parcele je znasala 1,5 x 28 m, ali 42 m?, §irina
vmesnih pasov pa 0,5 m in 2 m.

Uporabljeni stroji in prikljucki

V poskusu je bil uporabljen traktor Antonio Carraro TTR 4400 HST s parkovno
kosilnico, ki ima moznost nastavitve visine kosnje. Stroj je bil opremljen tudi z zbiralnikom
pokosene trave. Traktor ima vgrajen trivaljni vodno hlajeni dizelski motor z mocjo 28 kW
(38 KM), z maksimalnim navorom 56,5 Nm pri 2200 vrtljajih na minuto (Jej¢i¢ et al.,
1999).

Rotacijska ¢elna parkovna kosilnica Antonio Carraro F151000LD ima 3 togo vpete noZe.
Nozi se pri kosnji vrtijo z 2630 obrati na minuto pri nazivni hitrosti vrtenja prikljucne gredi
kosilnice 1000 obr/min. Prenos pogona od priklju¢ne gredi do kosilnih nozev je s pomocjo
kotnega gonila in jermenskega prenosa. Na strani kosilnice je pnevmatski transporter, ki
pokoseno travo sesa ter jo potiska po cevi do zbiralnika trave. Delovna Sirina kosilnice
znasa 1500 mm (Caroni, 2000).

Priprava kosilnice na kosnjo

Najpomembne;jsi del kosilnice predstavljajo trije horizontalno rotirajo¢i nozi, ki so vpeti
na vertikalno vleZzajene osi. Nozi so gnani preko kardanske gredi, zobniskega gonila in
klinastih jermenov. NajpomembnejSa nastavitev kosilnice je viSina kosnje. ViSino
nastavimo tako, da prestavljamo posebne obroCke na zgornji in spodnji strani vodila
tipalnih koles (slika 2). Omenjeni obrocki so razlicnih dimenzij, ki omogocajo nastavitev
razliénih odmikov od tal in posledi¢no razli¢nih vi$in kosnje (Poje, 2001).

Slika 2 Obrocki na vodilu kolesca za nastavljanje viSine kosnje
Figure 2 Rings on the wheel guidance for adjusting of the mowing height
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Paziti moramo, da je odmik vseh tipalnih koles nastavljen na isto kombinacijo obrockov,
saj v nasprotnem primeru vsa kolesca ne nalegajo enakomerno na povrSino. Posledica je
lahko neenakomerno pokosena trava, poleg tega pa je stroj izpostavljen poskodbam zaradi
neenakomernih obremenitev.

Preden smo zaceli kositi, smo parkovni kosilnik pripravili za meritve. Za ugotavljanje
koli¢ine porabljenega goriva smo namestili menzuro z volumnom 250 ml in jo pritrdili na
stebric¢ek ob zbiralniku trave. Povezali smo jo s cevmi za dovajanje goriva in povratnega
voda goriva.

Slika 3 Menzura za merjenje koli¢ine porabljenega goriva (levo) in vijak za nastavitev
hitrosti voznje na stopalki (pusc¢ica desno)

Figure 3 The test tube for measuring the quantity of fuel spent (left) and the screw for
adjusting the driving speed (arrow at right)

Ker ima traktor Antonio Carraro TTR 4400 HST brezstopenjski hidrostati¢ni menjalnik,
pri katerem je hitrost voznje zelo odvisna od »¢loveskega faktorja«, smo na stopalko za
spreminjanje hitrosti namestili vijak. Z vrtenjem vijaka smo tako dolocali dolzino hoda
stopalke in s tem tudi delovno hitrost. Delovno hitrost smo nastavili pri neobremenjenem
stroju na 2 km/h in voznji po ravnem.

Direktno merjenje hitrosti s pomocjo traktorskih instrumentov je sicer mozno, vendar pa
smo zaradi natan¢nosti meritev ¢as voznje merili s §toparico in kasneje izracunali hitrost iz
prevozene poti in ¢asa.

Visino trate smo dolocali s pomocjo plosce velikosti 500 mm x 500 mm in debeline 3
mm. Plos¢a iz pleksi stekla je imela na sredini luknjo premera 14 mm. Merjenje vi§ine smo
izvedli tako, da smo plosco polozili na trato ter skozi luknjo z merilom izmerili razdaljo
plosce od tal. Visino smo dolo€il iz povprecja desetih merjenj na nakljuénih mestih.
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REZULTATI

V tabeli 1 so prikazani termini ko$nje pri posameznem obravnavanju, iz katerih se lepo
vidi, da z veCanem odkosa raste potreben Cas za obnovo trave in se Stevilo koSenj manjse.
Tako je bilo pri obravnavanju A (8 cm) opravljenih 6 koSenj, pri B (6 cm) 5 in pri C (4
cm) samo 4 kosnje.

Tabela 1 Termini koSenj po obravnavanjih v ¢asu trajanja poskusa
Table 1 Mowing days at different variants during the experiment

Obrav.  3.5. 10.5. 135, 165, 185, 255,  26.5. 5.6. 9.6. 13.6. 226 236.

A * * * * *
B * * * * *
C * * * *

* koSnja

Vpliv visine kosnje na porabo goriva

V tabeli 2 se vidi, da smo pri obravnavanju C (4 cm) odvzemali najve¢ zelene mase, zato
je bila tudi poraba goriva pri posamezni ko$nji najvecja (74,31 ml — 17,63 l/ha). Z
manjsanjem viSine odkosa pa se je povprecna poraba goriva zmanjsala na 59,00 ml — 14,05
1/ha (B) oziroma 51,79 ml — 12,33 I/ha (A). Natan¢nejsa statisti¢na analiza s pomoc¢jo LSD
testa je nadalje pokazala, da je nasprotno skupna poraba goriva S§tirih koSenj pri
obravnavanju A ve¢ja od porabe pri obravnavanju B in C, ob enem pa se tudi poraba goriva
B znacilno razlikuje od porabe goriva pri obravnavanju A in C.

Tabela 2 Povprecna poraba goriva v posamezni kosnji po obravnavanjih (ml)
Table 2 The average fuel consumption at each variant (ml)

1. 2. 3. 4. 5. 6. Skupaj Povprecna Povpre¢na

kosnja  kosnja  ko$nja  ko$nja  koSnja  koSnja (I/ha)
A-8 cm 49,75 53,00 52,00 50,75 51,75 53,50 310,75 51,79 12,33
B-6 cm 57,25 59,75 61,25 61,50 55,25 295,00 59,00 14,05
C-4 cm 82,00 74,00 68,75 72,50 297,25 74,31 17,63

Vpliv visine koSnje na porabo casa

V tabeli 3 je prikazana poraba casa pri posameznih kosnjah in obravnavanjih. Ker smo
pri obravnavanju A odvzemali najmanj zelene mase, je bila tudi poraba ¢asa pri enkratni
kos$nji najmanjsa in je povprecno znasala 52,33 sekund. Nasprotno pa je z veCanjem visine
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odkosa zrasla tudi poraba ¢asa na 59,70 sekund pri B in na 74,37 sekund pri C. S pomocjo
LSD testa smo nato ugotovili, da je poraba ¢asa za posamezen odkos pri obravnavanju C (4
cm) statisticno znacilno vecja od porabe pri obravnavanju B (6 cm) in A (8 cm). Podobno
pa obstaja znacilna razlika med obravnavanji B in A.

Tabela 3 Povprecna poraba ¢asa v posamezni ko$nji po obravnavanjih (s)
Table 3 The average time consumption at each variant (s)

1. 2. 3. 4. 5. 6. Skupai Povprena Povpre¢na
kosnja  kos$nja  koSnja  ko$nja  kosnja  koSnja 3 P (V/ha)

A-8em 5075 5325 53,00 51,75 51,00 5425 314,00 52,33 3h 27min

B-6em 5925 5825 62,25 63,00 55,75 298,50 59,70 3h 57min

C4em 8300 75,75 6625 72,50 297,50 74,37 4h 55min

Vpliv visine kosnje na delovno hitrost

Delovna hitrost pri posameznem obravnavanju je neposredno odvisna od porabljenega
Casa, saj so bile vse parcelice enako velike. Najvisja hitrost kosnje je bila tako izmerjena
pri obravnavanju A (8 cm), najnizja pa pri obravnavanju C (0,38 m/s). S pomoc¢jo LSD
testa (tabela 4) smo prav tako ugotovili, da je delovna hitrost pri obravnavanju C (4 cm)
statistiéno znacilno manjSa od delovne hitrosti pri obravnavanju B (6 cm) in A (8 cm),
obenem pa je razlika znacilna tudi med obravnavanji B (6 cm) in A (8 cm).

Tabela 4 Povprecna delovna hitrost v posamezni ko$nji po obravnavanjih (m/s)
Table 4 The average driving speed at each variant (m/s)

1. 2. 3. 4. 5. 6.

ko$nja kosnja kosnja kosnja kosnja kosnja Povpreéna
A-8 cm 0,55 0,53 0,53 0,54 0,55 0,52 0,53
B-6 cm 0,47 0,48 0,45 0,45 0,50 0,47
C-4 cm 0,34 0,38 0,42 0,39 0,38
ZAKLJUCKI

V dvomeseénem poskusu smo proucevali vpliv optimalne nastavitve viSine kosnje na
porabo goriva in ¢asa ter hitrost ko$nje. Najmanj ¢asa (295,50 sekund) smo porabili za
Stirikratno kosnjo trate na viSino C=4 cm, vendar pa ne najmanj goriva (297,25 ml). Nizko
nastavljen odkos namre¢ zaradi velike mase trave povzroca najvecje obremenitve stroja in
hkrati najvecjo povprecno porabo goriva (74,3 ml —17,63 1/ha) in ¢asa (74,3 sekund — 4 h
55min/ha).
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Pri drugem obravnavanju (B=6 cm) je skupna koli¢ina porabljenega goriva za petkratno
kosnjo 295 ml sicer najmanjSa, vendar pa je skupna poraba casa 298,50 sekund le
minimalno (1,25 sekunde) vecja od najmanjSe skupne porabe izmerjene pri najnizji visini
kosnje. Povpreéna poraba goriva in Casa pri posamezni ko$nji pa se je zmanjSala na 59 ml
(14,05 1/ha) oziroma 59,7 sekund (3h 57 min/ha).

Najve¢ goriva (310,75 ml) in ¢asa (314 sekund) smo v celotnem opazovanem obdobju
porabili pri Sestkratni kosnji na viSino A=8 cm, Ceprav smo za posamezen odkos povpre¢no
porabili najmanj goriva (51,9 ml — 12,33 1/ha) in ¢asa (52,3 sekund — 3h 27 min/ha).

S staliS¢a enkratne kosnje 6,5 ha velikega botani¢nega vrta pa so veliko pomembnejsi
podatki o hektarski porabi iz katerih lahko sklepamo, da je glede porabljenega goriva
(12,33 I/ha) in ¢asa (3h 27min/ha) najugodnejSa varianta A=8 cm. Vendar je v tem primeru
interval koSnje 7 do 10 dni prekratek in zahteva preveliko frekvenco ponovitev.

Ce dodatno upostevamo delovno hitrost, storilnost, biolo§ke potrebe travne ruse,
maksimalne obremenitve stroja, obracalne hode in ostale dejavnike, ki so specificni za
posamezno trato, je nasa ocena, da je najprimernejSa vi§ina koSnje z obravnavanim strojem
Antonio Carraro TTR 4400 HST B=6 cm, pri kateri v poprecju za kosnjo enega hektarja
trate porabimo 14,05 1 goriva in 3h 57 min casa.
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THE EFFECT OF THE DIFFERENT MOWING HEIGHT
ON THE FUEL CONSUMPTION OF THE LAWN
MOWER ANTONIO CARRARO

University of Maribor, Faculty of Agriculture, Vrbanska 30, 2000 Maribor, Slovenija

ABSTRACT

The influence of the mowing height on the fuel as well as time consumption
was researched during the precise field experiment (May — July 2007). When
using the lawn mower Antonio Carraro TTR 4400 HST, the lawn was mowed
each time it reached the height of 12 ¢cm, By decreasing the mowing height from
A—-8cmtoB—6cmand C— 4 cm, the number of treatment increased A (four
times), B (five times) and C (six times). It was proved that the differences in the
average time and fuel consumptions were rising significantly: A (52,33 sec -3h 57
min/ha, 51.79 ml — 12,33 l/ha), B (59,70 sec — 3h 57 min/ha, 59,00 ml — 14,05
l/ha) and C (74,37 sec — 4h 55 min/ha, 74.31 ml — 17,63 l/ha). According to the
different mowing frequency of the lawn mower, the treatment B with the average
consumption of 14,05 1 fuel and 3h 57 min per hectare was recommended for the
selected lawn conditions.

Key words: mow, lawn mower, fuel consumption, time consumption
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SAZETAK

Na malceru INO EURO OPEN 280 ispitivali smo odabrane energetske
karakteristike. Na osnovu izmjerenog momenta i broja okretaja na prikljucnom
vratilu traktora, koje je pokretalo neopterecen i opterecen malcer, izracunata je
potrebna snaga za pogon malcera. Mjerenja su izvedena kod razlicitih brzina
kretanja i kod razlicitog polozaja pokretnog poklopca. Ustanovili smo da je
snaga potrebna za zagon 22,4 kW, dok je za pogon neopterecenog malcera
potrebno 12,2 kW. Zastita od preopterecenja se aktivira kod 103 kW angazZirane
snage. Kod zatvorenog poklopca izvedena su mjerenja pri brzini kretanja od 6,6
do 9,3 km/h, dok je potrebna snaga za pogon iznosila izmedu 37,4 i 64,1 kW. Kod
otvorenog poklopaca brzina kretanja iznosila je do 12,3 km/h, a prosjecna
potrebna snaga do 49,1 kW.

Kljuéne rijeci: malcer, pokretni poklopac, moment na prikljucnom vratilu,
potrebna snaga, specificna energija

UvoD

Znacaj malcera sve je veci kako u poljoprivredi tako i u komunali. Proizvodaci malcera
proizvode veliki broj razli¢itih modela koji se razlikuju po vrsti radnih elementa (Cekica,
nozeva, itd.). U Sloveniji Jejci¢ (1997), Poje (2003, 2006, 2007) testiraju ratarske i
komunalne mal¢ere glede potrebne snage i drugih eksploatacijskih karakteristika u realnim
uvjetima. Poje (2005) analizira smjer razvoja strojeva za sitnjenje biljnih ostataka, Godesa
et al. (2006) vrSe mjerenja na malcerima s novom generacijom rotora. U Njemackoj
Brunotte sa suradnicima (1995) detaljno istrazuje mehanizaciju za odrzavanje povrSina pod
ugarom. Istrazivanja su fokusirana u kakvocu sitnjenja i potrebnu snagu za pogon kod
razli¢itih radnih elemenata i razlicitih strojeva.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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U radu je prikazana analiza potrebne snage za pogon mal¢era INO EURO OPEN 280 s
pokretnim poklopcem i rotorom, gdje su radni elementi (¢ekiéi) raspodijeljeni po spirali sa
45 stupnjeva.

MATERIJAL I METODE RADA

Eksploatacijske karakteristike proucavali smo na malceru INO EURO OPEN 280.
Glavni tehni¢ki podaci predstavljeni su u tablici 1.

Tablica 1 Tehnicki podaci proizvodaca za maléer

Proizvodac INO Industrijska oprema Brezice
Model EURO OPEN 280

Radna $irina (cm) 268

Broj okretaja priklju¢nog vratila (min™) 540/1000

Broj ¢ekica 32

Masa (kg) 780

Brzina okretanja rotora (min™") 2243

U vidu eksploatacijskih karakteristika istrazivali smo potrebnu snagu za pogon malcera
preko prikljuénog vratila traktora kod razliitog optereCenja i razli¢itog namjeStenja
pokretnog poklopca. Sama istrazivanja izvedena su kod razliCite brzine kretanja traktora. Za
pogon malcera upotrijebili smo traktor Landini Legend 160 Deltashift sa maksimalnom
snagom motora 123 kW.

Mjerni lanac bio je sastavljena od tri dijela: senzora, digitalnog mjernog pojacala i PC
racunala za prijem i obradu mjernog signala. Okretni moment i broj okretaja prikljuénog
vratila mjerili smo pomoéu dinamometra za mjerenje momenta i prigradenog senzora vrtnje
(T30 FN Hottinger Baldwin Messtechnik). Digitalno pojacalo bio je SPIDER 8 Hottinger
Baldwin Messtechnik. Frekvencija uzimanja podataka iznosila je 100 Hz, dok je duzina
pojedinog mjerenja ovisila o vremenskom toku rada sa malCerom. Iz izmjerenog momenta i
broja okretaja na prikljuénom vratilu izracunata je potrebna snaga za pogon prikljucka
preko priklju¢nog vratila.

Snaga za pogon:

P = Mw (1)
P = Mro )

Znacenje oznaka:

P, - potrebna snaga za pogon malcera W
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M — moment na priklju¢nom vratilu Nm
o - kutna brzina rad
n — broj okretaja priklju¢nog vratila min”

Mjerenje snage potrebne za rad maléera EURO OPEN 280 izveli smo na travnjaku, na
kojem je gustoca biljki iznosila 0,68 kg/m?. Kod sitnjenja biljne mase varirali smo brzinu
kretanja (optere¢enje malCera) i poziciju pokretnog poklopca.

REZULTATI RADA I DISKUSIJA

Mjerenjem momenta i broja okretaja na prikljuénom vratilu traktora izracunali smo
potrebnu snagu za pogon malcera preko prikljucnog vratila kod razlicite brzine kretanja i
razli¢ite pozicije poklopca. Rezultati mjerenja i izracunata potrebna snaga na prikljucnom
vratilu prikazani su u tablici 2. Za pogon mul€era izmjereno je na priklju¢nom vratilu 928
Nm zakretnog momenta i zagonska snaga je pri tom iznosila 22,4 kW. Za pogon
neoptere¢enog malcera, gdje se je prikljucno vratilo okretalo sa 1019 okr./min, bio je
izmjeren prosje¢ni moment 115 Nm, dok je pogonska snaga iznosila u prosjeku 12,2 kW.

Prijenos snage iz multiplikatora do rotora s radnim elementima izveden je pomocu
prijenosa putem remena, koji ujedno moze sluziti i kao =zaStita malcera pred
preoptereéenjem. Kod ispitivanog maléera remeni su proklizali kad je prosje¢ni izmjereni
moment iznosio 1311 Nm. Tada se je broj okretaja ve¢ dosta smanjio od nazivnog 1000
okr./min i u prosjeku proklizavanja remena iznosio je 752 okr./min. Kod proklizavanja
remena izmjereno je u prosjeku 103 kW angazirane snage na prikljuénom vratilu traktora.

140000

120000 l
1 [ [ 1
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I /Mh L -
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VRIJEME (s)

Slika 1 Oscilogram angazirane snage na priklju¢nom vratilu kod pogona malcera.
Strelicama je oznaceno proklizavanje remena, odnosno aktiviranje zastite malcera pred
preopterecenjem
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Tablica 2 Prosjecno i maksimalno angazirana snaga za pogon mal¢era EURO OPEN 280
kod razli¢itih brzina kretanja i razli¢itog polozaja poklopca

Polozaj Prosjecna Prosjecni Moment (Nm) Snaga (kW)
brzina okretaji P.V. . ]
poklopca (km/h) (okr./min) prosje¢ni max prosje¢na max
6,6 941 3798 550,0 37,4 54,2
Zatvoren 7.8 934 574,6 770,3 56,2 74,9
9,3 925 662,5 926,0 64,1 88,8
6,8 962 375,6 691,6 37,8 68,9
8,2 965 388,9 7247 39,3 72,4
9,2 939 452,8 1095,3 443 100,9
Poz. 2
9,7 954 491,9 846,2 49,1 83,6
10,3 955 432,0 876,0 43,1 86,8
12,3 945 449,6 751,7 445 74,0

Kod upotrebe malera sa zatvorenim poklopcem mogli smo u nasim uvjetima rada
kvalitetno maléirati do brzine 9,3 km/h. Pri tome je potrebna prosjecna snaga izmedu 37 i
64 kW. Kod otvorenog poklopca mogli smo povecavati brzinu kretanja do 12,3 km/h, a da
je kvaliteta rada bila jo§ u granicama dopustene vrijednosti. Potrebna prosje¢na snaga nalazi
se izmedu 37,8 149,1 kW.

70

y=9,4301x - 21,972
R?=0,9153

60
y=1,3826x + 30,03

R?=0,409
50

SNAGA (kW)
w
(=3
‘

[
=
I

o

BRZINA (km/h)

‘ ¢ ZATVOREN = POZ.2 =—Linearno (ZATVOREN) — Linearno (POZ. 2)‘

Slika 2 Potrebna snaga za pogon malc¢era EURO OPEN 280 kod razli¢itih brzina kretanja i
razli¢itog polozaja poklopca
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Mjerenja su pokazala da postoji trend porasta potrebne snage za pogon malcera sa
zatvorenim poklopcem s porastom brzine kretanja traktora. Kod toga je izraunata dosta
dobra linearna regresija sa R = 0,9153. Ako linearnu regresiju izratunamo i za potrebnu
snagu za pogon mallera s otvorenim poklopcem, onda je tu R* dosta malen (0,409). Ipak
dobro je vidljivo da kod rada maléera sa zatvorenim poklopcem potrebna snaga s porastom
brzine raste puno brze nego kad je poklopac malera otvoren.

U tablici 3 prikazan je ucinak malCera po satu i specifi¢na potro$nja energije po kvadra-
tnom metru povrsine i po kilogramu malcirane biljne mase. PovrSinski u¢inak krece se kod
zatvorenog poklopca od 1,77 do 2,49 ha/h. Kod otvorenog poklopca povrSinski uéinak
malcera je zbog vece brzine kretanja moguc i do 3,30 ha/h.

Tablica 3 Prosjecno angazirana snaga za pogon EURO OPEN 280 kod razlic¢itih brzina
kretanja, interval vjerojatnosti za snagu, teoretski u¢inak i specifi¢na potrosnja energije po
povrsini i po kilogramu svjeze biljne mase.

Specifi¢na Specifi¢na
potrosnja potros$nja
Polozaj Brzina Snaga Interval Uc¢inak energije energije
poklopca (km/h) (kW) vjerojatnosti (ha/h) (kJ/m®) (kJ/kg)
6,6 374 +0,446 1,77 7,6 11,2
Zatvoren 7.8 56,2 +0,398 2,09 9,7 14,2
9,3 64,1 +0,566 2,49 9,3 13,6
6,8 37,8 +0,461 1,82 7,5 11,0
8,2 39,3 +0,395 2,20 6,4 9,5
9,2 443 +0,592 2,47 6,5 9,5
Poz. 2
9,7 49,1 +0,473 2,60 6,8 10,0
10,3 43,1 +0,619 2,76 5,6 8,3
12,3 44,5 +0,49 3,30 4,9 7,1

ZAKLJUCAK

Malcer INO EURO OPEN 280 ima pokretni poklopac i rotor sa rasporedom radnih
elemenata (¢ekica) po spirali od 45 stupnjeva. Ispitivanja potrebne snage za pogon malcera
izvedena su kod razlicitih brzina kretanja i razli¢itog polozaja poklopca. Ustanovili smo da
kod zatvorenog poklopca potrebna snaga za pogon raste s povecavanjem brzine kretanja
linearno sa R* = 0,9153. Kod otvorenog poklopca moguée su veée brzine kretanja, a
kvaliteta rada jo$ je prihvatljiva. U usporedbi sa zatvorenim poklopcem povrSinski uéinak
je veci zbog vece brzine kretanja, dok je specificna potro$nja energije manja.
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ENERGETIC CHARACTERISTICS OF INO EURO OPEN
280 MULCHER WITH VARIABLE COVER

ABSTRACT

Selected energetic characteristics of INO EURO OPEN 280 mulcher were
studied. On the basis of measured torque and number of revolutions of PTO shaft
driving unloaded and loaded mulcher the power required for driving of the
mulcher was calculated. Measurements were performed at different driving
velocities and different positions of variable cover. It was established that the
starting power requirement was 22.4 kW while for driving of unloaded mulcher
12.2 kW were required. The protection from overloading is activated at 103 kW
required power. When the cover was closed measurements were carried out at
6.6 to 9.3 km/h driving velocities and the power required for driving ranged
between 37.4 and 64.1 kW. When the cover was open the driving velocity
amounted to 12.3 km/h and the average power requirement was up t049.1 kW.

Key words: mulcher, variable cover, torque on PTO shaft, power requirement,
specific energy
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SUMMARY

This paper presents the structural, kinematical and kinetostatic analysis of the
cereal harvester’s cleaning system. A computer programme with functions and
procedures for each component module of the cleaning system was developed.
The calculated results were graphically represented, in order to have a clearer
picture over kinematical and kinetostatic parameters. Thus, it is revealed that
these parameters for the Romanian harvesters are similar with those from well
known models: New Holland, Massey Ferguson, Laverda etc.

Key words: mechanism, cleaning system, structure, kinematics, kinetostatics,
diagrams.

INTRODUCTION

A cereal harvester’s good operation is strictly tied to the seeds separation from chaff,
chopped straws and unthreshed ears. This challenge can be achieved only through a
detailed study of the operating condition’s parameters, concerning oscillation frequency,
speeds’ and accelerations” magnitude and direction of the points from the sieves and grain
pan. These parameters should contribute to a higher flow rate, with minimum seeds losses
and impurities in the grain tank.

This paper presents the cleaning system’s kinematical and kinetostatic analysis of the
driving systems from some Romanian cereal harvesters and not only. The calculus also
takes into consideration the grain pan’s mechanism. The analysis is made by means of
modular groups, each of them with their own computer procedures. Therefore, it is
necessary first to reveal these modules in order to write the mathematical formulas for each.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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STRUCTURAL ANALYSIS OF THE CLEANING SYSTEMS’ DRIVING
MECHANISMS FROM CEREAL HARVESTERS

This chapter presents the structural analysis of the cleaning systems’ driving mechani-
sms from Romanian and international cereal harvesters.

Figures 1, 2 and 3 present the skeleton diagrams of the cleaning system’s driving mecha-
nisms from Romanian C-110, C-140 and DROPIA-1810 cereal harvesters. Figure 4 shows
the structural and multi-polar diagrams from the above mentioned combines, as well as
their structural relation. Thus, it can be observed from figure 4 that, for each of the three
harvesters, the driving system (together with the grain pan) consists of the Z(0) base, R(1)
driving group and RRR(2,3), RRR(4,5) and RRR(6,7) aspect 1 dyads [1,2,3,4,5]. Therefore,
the computer programme is the same for each driving system, the only difference being the
input data.

Fig. 3 Skeleton diagram of the cleaning system’s driving mechanism from DROPIA-1810
harvester
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Z(0)+ R(1) + RRR (2,3 + RRR (4,5) + RRR(6,7)
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Fig. 4 Structural chart (a), multi-polar diagram (b) and structural relation (c), from C-110,
C-140 and DROPIA 1810 cleaning systems’ driving mechanisms

Figure 5 shows the skeleton diagram of the cleaning system’s driving mechanisms from
Laverda 517 cereal harvester. In figure 6 there are presented the structural and multi-polar
diagrams from the same combine, as well as the structural relation.

Fig.5 Skeleton diagram of the cleaning system’s driving mechanism from LAVERDA-517

harvester
J
—
(23) Ren
A B H | (6,7)
200 R(1) —o— RRR o— o]
D 23)| g
-o——————— o C}l—o— RRR
(8,9) ,
_é oK _ﬁ_ RRR
G (4,5)
l & oF
b)

Z(0)4 R(1)4 RRR (2,34 RRR (4,5)4 RRR (6,7)
c)

Fig. 6 Structural chart (a), multi-polar diagram (b) and structural relation (¢), from
LAVERDA 517 cleaning system’s driving mechanisms
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Figures 7 and 8 present the skeleton diagrams of the cleaning system’s driving
mechanisms from NEW-HOLLAND and MASSEY-FERGUSON cereal harvesters. Figure
9 shows the structural and multi-polar diagrams of the same combines, as well as their

structural relations.

Fig. 7 Skeleton diagram of the cleaning system’s driving mechanism
from NEW-HOLAND harvester

Fig. 8 Skeleton diagram of the cleaning system’s driving mechanism
from MASEY-FERGUSON 760 harvester

RRR
o— R(1) o~ RRR -o— oF
Z(0) (2,3)
D H
—o————— o Ci—o—{ RRR
; (6.7)
L o o]

b)
Z(0)+ R(1) + RRR (2,3 + RRR (4,5) + RRR (6,7)
c)

Fig. 9 Structural chart (a), multi-polar diagram (b) and structural relation (c) from NEW-
HOLLAND and MASSEY-FERGUSON 760 cleaning systems’ driving mechanisms
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It can be observed from figure 4 that the driving systems of these two combines consist
of the Z(0) base, R(1) driving group and RRR(2,3), RRR(4,5) and RRR(6,7) aspect 1 dyads
[1.2,3,4,5].

KINEMATICAL ANALYSIS OF THE CLEANING SYSTEMS’ DRIVING
MECHANISMS FROM CEREAL HARVESTERS

The kinematical analysis algorithm is described for DROPIA 1810 Romanian harvester.
For the other combines only graphical results are presented.

Figure 10 reveals the angles between the vectors attached to the mechanism’s compo-
nents and the positive direction of the Ax axes. In order to parametrically calculate them (as
well as their order one and two derivatives), computer procedures for the component
modules (determined in chapter 2) were used. Thus, linear and angular mechanism’s
dimensions, initial position and angular velocity of component (1) are used.

The computer program was based on the multi-polar diagram (Fig. 4, b) and also on the
adequate structural relation (Fig. 4, c¢). On this line, it was first cinematically studied the
R(1) driving group, then the RRR(2,3) dyad and finally the RRR(4,5), RRR(6,7) dyads.
The kinematical parameters’ lettering was made according to the skeleton diagram from
figure 10.

Fig. 10 Definition of the positional kinematical parameters of the cleaning
system’s driving mechanism from DROPIA 1810 harvester

Within the framework of the mechanism’s kinematical analysis there were calculated
the kinematical parameters of all the mechanism’s components, considering the angular
velocity of element (1) to be constant. Results were saved as data files. Based on them,
kinematical parameters variation charts were made. Figures 11 and 12 show the mechani-
sm’s elements velocities and angular velocities variation charts in relation to ¢/ angle.

225



V. Moise, G. Voicu, E. Maican

e 10
[ I
6 4
4 4
2 4
0
2
-4
_6 4
-8 1
-10
Fig. 11 Variation charts for the following Fig.12 Variation charts for the following
angular velocities: ®,, ®3;, @4, ®s, Og, ®7 angular accelerations: €, €3, €4, €5, €6, £7

Analyzing the above charts one can notice that component 4 (which supports the grain
pan) and component 6 (which supports the two sieves) have both a relatively circular
translation movement, which is advantageous for the cleaning process. The ¢4 angle
fluctuates between 3.1806 and 3.1888 radians. The angular velocity @4 has values in the
closed interval [-0.02207, +0.02196] rad/s, and w6 in the closed interval [0.0644,+0.0618]
rad/s. Also the angular accelerations €4 and €6 have values within closed intervals
[-10.028, +11.844] rad/s® respectively [-2.166, +3.410] rad/s®, which again demonstrates
that the movements of components 4 and 6 are circular translations.

Figure 13 presents the hodographs of speeds in points S, P and &, from the upper sieve
of the cleaning system, and figure 14 — the hodographs of accelerations in points S, P and
N. These parameters’ values are very important for the crop cleaning operating process.

AY

N, | AX
[m/s]

Fig.13 Speeds hodographs in S, P and N Fig. 14 Accelerations hodographs in S, P and
points N points

In fig.15-16 there are presented the accelerations hodographs for upper sieve’s point S
from Dropia-1810, Laverda-517, Massey-Ferguson and New-Holland combine harvesters.
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Fig. 15-16 Acceleration hodographs in point S, for Dropia 1810, Laverda 517,
Massey-Feguson and New-Holland harvesters

It can be noticed from figure /5 that the rate of linear S point’s linear accelerations in
case of LAVERDA harvester differs from the others, because the sieve from the 8-th
component of the cleaning system was considered. It can be also noticed that the linear
accelerations’ magnitudes are lower than in case of the other combines, which is due to
smaller angular speed and length of component 1.

In figure /6 there were represented the linear accelerations of the S point from the sieve
mounted on element 6, which makes the rate of hodograph to be similar with those from the
other combines. Certainly, the computer programmes were used to calculate the positions,
velocities and accelerations for each point of the mechanism, as well as the positions,
velocities and angular accelerations of each component. Hereby, both the cleaning system
and the grain pan could be analysed.

KINETOSTATICAL ANALYSIS OF THE CLEANING SYSTEMS’ DRIVING
MECHANISMS FROM CEREAL HARVESTERS

In order to make easier the calculus of reaction forces originating in the kinematical links
of the cleaning systems, as well as the counter-balance moment (motor moment) on
element 1, computer proceders corresponding to each structural group were developed. The
kinetostatical analysis for each module is made before the computer procedures to be called
by the main programme.

The kinetostatical analisys of the RRR dyad

In order to calculate de reaction forces from the RRR dyad’s kinematical links (Fig. 17),
the following parameters are known:

- Fix, Fiy, Fax, Foy — components of the composite forces acting on dyad’s 1 and 2
elements;

- CM,, CM, — resulting moments acting on dyad’s 1 and 2 elements;
- XA, YA, XB, YB, XC, YC — 4, B and C links’ coordinates;

- XA", YA", XB", YB’ - coordinates of reduction points of the forces system on the
two above mentioned points.
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Y
Y
0 o
Fig.17 RRR dyad’s kinetostatic diagram Fig.18 Skeleton diagram of the driving

group R

Reaction forces to be calculated:
Riix, Riry, Riox, Rizy, Rjpx, Rjzy — components of the reaction forces originating in
kinematical links 4, B and C.

The forces system’s equations are achieved through nullification of the (I?,]\_l) torsor, for
each element:

Rijx =Rypx #Fix =0;
Rijy =Ry #Fy =0;
Ripx #Rjpx ¥ Frx =0;
Ripy #Rjppy #Fry =0;

(YB=YA)e R x =(XB=XA)eR; |y -l-(YB-YA*)-FlX -
= (XBe= XA Yo Fy #CM, m0;
(YB=YC)eRjpx =(XBe=XC)o R jyy 4 (YBe=YB Yo Fyy =
= (XBeXB" )e Fyy #CM, m0.
A linear system with the following unknowns has been obtained:

(1)

Riixs Riry > Riox» Ry s Rjpx > Rjpy -
This system is resolved by means of an adequate numerical method.

The kinetostatical analysis of the driving group R.

In order to achieve the kinetostatical analysis of the driving group R (Fig. 18), the
following forces, moments and coordinates should be known:

- Fix, Fiy — the composite force components, acting on element 1;
- CM; —resulting moment of the forces acting on the driving group’s element;
- XA, YA - coordinates of point 4;

- XA', YA" — coordinates of reduction points of the forces system on the group’s
element.
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The unknowns are:

- Rjx, Rjiy — components of the reaction force of i element over driving group’s
element 1;

- M, — counter-balance moment in the active link 4.
In order to calculate R;ix, Ry, M., the following equations are written:
Rix +Fx=0;
Riy + Fiy =0; (2)
FRy(XA" - XA)— Fx (YA" = YA)+ CM; + M, = 0.
For the studied modular groups, computer procedures that will be used in the kineto-
statical analysis were developed.

Following, it will be illustrated the kinetostatical analysis of the cleaning system from
the Romanian C-110 harvester (see fiures 1 and 4). For the international combines, only
results will be presented.

Calculus of the composite forces originating in the links of the cleaning system’s driving
mechanism from C-110 harvester

The kinetostatical analysis starts with the RRR(6,7) dyad, then with RRR(4,5) and
RRR(2,3) dyads. Finaly, the driving group R(1) will be studied.

The input data for the kinetostatical analysis consists of :

- coordinates, velocities and accelerations of the points referencing the mechanism’s
kinematical links;

- coordinates, velocities and accelerations of the elements’ mass points;

- kinematical elements’ masses;

- inertia moments (about the mass point), for all elements;

- the independent parameters in link A4 (the ¢; angle, angular velocity @; and angular
acceleration &).

In figure 19 there are marked out the forces and moments acting on the RRR(6,7) dyad.
These forces and moments were reduced to the torsor in Gg and G; mass points (Fig. 20).
Also in figure 20 there were represented the reacting forces from the dyad’s kinematical
links. In order to calculate these forces, the specific made computer procedure’s formal
parameters are updated.

- Ryry FlY
Rygy Foy 7. J] Rery Rurx
Gs G\ Frx
6 R,
H o— G
Ry x CM,
Fig.19 Forces and moments acting on the Fig. 20 dyad’s elements Kinetostatic
RRR(6,7) dyad’s elements diagram of dyad RRR(6,7)
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In figure 21 there are marked out the forces and moments acting on the RRR(4,5) dyad.
These forces and moments were reduced to the torsor in G4 and Gs mass points (Fig. 22).
Also in figure 22 there were represented the projections of reacting forces of the elements 0
and 3 over the dyad’s elements, as well as projections of the element’s 4 reaction over
element 5.Calculus of the dyad’s reaction forces is made as in case of the previous dyad.

_ Fuy Ryy
. E45Y EY
£ G F W Rosy Rysy Ga @ =
M,-5@ 5 Fax = Foy E Ryuy
5 4
G cms G Rosx

Fig. 21 Forces and moments acting on Fig. 22 Kinetostatic diagram of dyad

the RRR(4,5) dyad’s elements RRR(4,5)

In order to calculate the reaction forces from the kinematical links of the RRR(2,3) dyad,
there are taken into account the following forces and moments (Fig. 23): the gravity and
inertia forces, moments of the inertia forces acting on the dyad’s elements, reaction forces
of the elements 4 and 6 over the element 3. In figure 24 it is marked out the torsor of the
forces in G, and Gj; reduction points, as well as the reactions from the dyad’s kinematical
links.

R43Y

Fig. 23 Forces and moments acting on the Fig. 24 Kinetostatic diagram of dyad
RRR(2,3) dyad’s elements RRR(4,5)

The calculus of the reaction forces from the driving group 4 and of the counter-balance
moment M., presumes to take into acount the gravity force G, inertia F;, and the

momentaq of the of the element’s 2 inertia and reactions on element 1 (Fig. 25).

Figure 26 presents the kinetostatic diagram of the driving group R(1). Reactions R;;x,
Rijy and the counter-balance moment M, are also calculated by means of a computer
procedure.
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Ryx B Fiy B

— M,

R21 Y R @ F
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M, 71
A" Ry
Fig. 25 Forces and moments acting on the Fig. 26 Kinetostatic diagram of driving
RRR(1) driving group group RRR(1)

After running the computer program, the reaction forces from the mechanism’s kinema-
tical links and the driving moment from the active link 4 are calculated.

The other combine harvester’s cleaning systems’ mechanisms are solved in a similar
way.

Figures 27 and 28 show the reactions hodographs corresponding to 4 and D links, for C-
140, DROPIA, LAVERDA an MF-760 cereal harvesters.

(N] [N] | [CAVERDA

RDX
[N]

Fig. 27 The reactions hodograph for Fig.28 The reactions hodograph for
mechanism’s point A mechanism’s point D

RESULTS AND DISCUSSIONS
In order to develop the above kinematical and kinetostatic analysis, there were used
PENTIUM 2 computers. Computer programs were written in Turbo-Pascal and Fortran.

Results are useful in advised design of the cleaning system’s mechanisms from the
cereal combine harvesters.

CONCLUSIONS

These results are useful for designers as they underlie the design process of the cleaning
system’s driving mechanism from the cereal combine harvesters.

Both the kinematical parameters and the reaction forces from the kinematical links allow
an adequate calculus of the cleaning system’s mechanism.
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SAZETAK

Kod zetve Zita s samohodnim Zitnim kombajnom dolazi do odredenih gubitaka
zrna, koja ne smiju biti veca od 1%. Svrha djela je bila utvrditi stvarne gubitke
zrna pri razlic¢itim radnim brzinama (4, 6, 8 km/h) kombajna Deutz Fahr
Powerliner 4035 H na nagnutom terenu. Za mjerenje gubitka na slamotresih i na
uredajima za Ciscenje zrna smo koristili mjernu napravu proizvodaca Feiffer
consult. Za ozimi jecam, pri brzini 4 i 6 km/h, su gubici zrna iznosili oko 1 %, dok
su pri brzini 8 km/h gubici iznosili ¢ak 1,9%. Kod sve tri brzine je bilo najvise
gubitaka na ozimom jecmu (2-3,4 %) zbog slomljenih klasova, koja su ve¢ lezala
na tlu. Takode i kod ozime pSenice su se gubici zrna povecavali s brzinom, od
0,3% pri 4 km/h do 0,9% pri 8 km/h. Tako pri ozimom jecmu kao i pri pSenici su
se s povecanjem radne brzine povecali gubici zbog polomljenih i napuklih zrna
(kod jecma od 0,6 % do 0,9 %, kod pSenice od 0,6% do 1,2%). Rezultati ukazuju,
da je na nagnutom terenu najprimjerenija radna brzina u Zetvi izmedu 4 i 6 km/h.
Kod brzine 8 km/h su gubici zrna preveliki.

Kljucne rijeci: kombajn za Zito, gubici zrna, slamotresi, uredaj za ciséenje
zrna.

UvOD

Razlozi koji utje¢u na gubitke zrna pri Zetvi su biolosko-klimatski, tehnicko-tehnoloski i
organizacijski. Medu biolosko klimatske spadaju vrsta i stanje usjeva, te klimatski uvjeti u
vrijeme Zetve. Tipovi kombajna, konstrukcijske karakteristike radnih dijelova i opremlje-
nost kombajna s elektronickim mjernim uredajima predstavljaju jedan dio tehnicko-
tehnoloskih razloga. U zadnju skupinu spadaju organizacija Zetve i prijevoza te obucenost
ljudi koji sudjeluju pri Zetvi. Gubici i oSteCenja zrna takode nastaju pri prijevozu, skladis-
tenju i pretovaru (Brki¢ i sur., 2002)

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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U Njemackoj, u zadnjim godinama, iznose ukupni gubici zrna oko 11%. 10% gubici
predstavljaju za Njemacku gubitak od oko 1 milijarde €. Cak 16 faktora utjeée na te gubitke
i to, slomljeni i podrezani klasovi, istreSena zrna, neovrSena zrna, gubici na slamotresu i
uredaju za ¢isenje zrna, gubici pri suSenju i skladiStenju, i1 jo$ neki faktori. S najboljom
organizacijom mozemo gubitke smanjiti na 3%, inace na oko 5% (Feiffer, 2003).

Gubici zrna, koji nastaju na kombajnu pri zetvi su direktni tj. kvantitativni i indirektni tj.
kvalitativni. Medu direktne gubitke spadaju gubici na Zetelici i posebno na bubnju vrsalice,
gornjem i donjem situ i na slamotresima. Indirektni gubici nastaju zbog mehanickih
oSteCenja zrna. Medu gubitke na Zetelici spadaju istreSena zrna, slomljeni klasovi, polegle
biljke. Kod poleglog zita na poveéanje gubitaka zrna utjece takode i pravac zetve u odnosu
na poleglo Zito. Neovrseni klasi¢i u slami i u pljevi predstavljaju gubitke na bubnju za
vr$idbu. Zrna u slami su gubici na slamotresih i zrna u pljevi su gubici na sitima (Brki¢ in
sur., 2002).

U pojedinim drzavama su razli¢ite tolerantne granice glede gubitaka zrna i ti standardi
tolerantnih gubitaka se viSe snizuju. Kao primjer, gubici zrna pri Zetvi pSenice su se
smanjili iz 2,35 % na 2 %. Dozvoljena granica na zetelici je 1,5 %, na slamotresima 0,5 %,
na sitima 0,3 % 1 0,05 % na bubnju vrsalice (Brki¢ in sur., 2002).

Feifferova (2003) navodi neke gornje tolerantne granice za gubitke zrna. Dva slomljena
odnosno podrezana klasa na m” znace 0,7 % gubitak i 46 kg/ha pri prinosu 65 dt/ha i
gustoci od 500 klasova na m”. Pored toga 10 istreSenih zrna na % m” znadi gubitak od 0,27
% i 18,1 kg/ha. 220 zrna na % m? u mjernoj posudi zna&i 1 % gubitak zrna na slamotresima
i uredaju za CiScenje zrna Sto znaci 65 kg/ha. U koliko nademo u plasti 50 ovrSenih klasova
5 zrna, to predstavlja 0,34 % gubitka tj. 22 kg/ha. 1 zdrobljeno zrno u spremniku za sjeme i
1 zdrobljeno zrno u plastu znaci 1,3 % gubitaka tj. 20 kg/ha (Feiffer, 2003).

Ista autorica navodi, da su jo§ uvijek tolerantni gubici na slamotresima i uredaju za
¢iS¢enje zrna od 1%. Ukoliko ti gubici iznose 1,5 % ili viSe, to su ve¢ visoki gubici. Brkic i
ostali navode (2003), da se na njihaju¢im slamotresima pri malom protoku biljne mase
(0,52 kg/s) oko 60 % zrna ocisti na po¢etnom djelu slamotresa. Pri poveéanom protoku
biljne mase (2,49 kg/s) se 80 % zrna ocisti na % duzine slamotresa. Kombajni su opremljeni
s elektronickim uredajima, koji detektiraju gubitke na slamotresima i uredaju za ciS¢enje
zrna, ali jih je potrebno podesiti. Zbog toga je razvijena posebna mjerna posuda, s kojom
odredujemo gubitke zrna i kasnije podesavamo elektronicke uredaje (Feiffer, 2003).

MATERIJAL I METODE

Pokus smo izvodili na srednje teskim tlima u Smarju pri Jelsah pri ozimom jeé¢mu i
0zimoj pienici. Uzgoj obiju biljnih vrsta nije bio intenzivan. Zetva ozimog je¢ma je bila
izvedena 26.6. 2007 i Zetva ozime pSenice 15.7.2007. Upotrijebili smo zitni kombajn
DEUTZ FAHR POWERLINER 4035 H. Rije¢ je o tangentnom kombajnu sa dva bubanja
vrialice i1 5 sekcijskih slamotresa. Bubanj vrsalice ima promjer 600 mm i Sirinu 1270 mm.
Ventilator je aksijalni. Kapacitet spremnika zrna iznosi 5.200 litara. Motor ima zra¢no
hladenje, s 6 cilindara i snage 103 kW. Kombajn je opremljen centralnim informacijskim
sistemom 1 optickim i akustiCkim sustavom nadzora za nadzor vaznih funkcija. Tezina
kombajna bez Zetelice iznosi 7.025 kg.
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Mjerili smo gubitke zrna pri brzini gibanja kombajna 4,6 i 8§ km/h na nagnutom teretu
nagiba 10°. Pri tome su bila sita na kombajnu postavljena u vodoravan poloZaj. Pokus je
postavljen po metodi slu¢ajnog bloknog rasporeda u tri ponavljanja. Duzina pojedine
parcele je iznosila 70 m i Sirina 3,6 m. Najprije smo kombajn optimalno podesili i kasnije
poceli s pokusom. Gubitke na slamotresima i uredaju za CiS¢enje zrna smo izmjerili s
mjernom posudom proizvodaca Feiffer Consult. Duzina mjerne posude iznosi 100 cm i
njena Sirina 25 cm. Posudu smo postavili na sredinu parcele, tako da je kombajn vozio
preko nje i posudu nije ostetio. Slamu iz posude smo odstranili i zrna smo smjestili u
pretince na posudi. 1 puni pretinac znaci 0,5 % gubitaka (mali gubici), 2 puna 1 % gubitaka
(joS uvijek prihvatljivo) i 3 tri puna pretinca 1,5% gubitaka (visoki gubici). Jer slama nije
bila sasjecena, smo zrna postavili u pretince na lijevoj strani mjerne posude. Pored toga
smo odredili i gubitke zbog slomljenih odnosno odrezanih klasova, koji su ve¢ lezali na tlu
prije Zetve. Ozimi je¢am se je naime u odredenim dijelovima polegao. Zeljeli smo utvrditi
gubitke zbog vrsidbe i izbrojati preostala zrna u plasti od 50 klasova slame, ali su bili
klasovi potpuno zdrobljeni. Utvrdivali smo takode gubitke zbog napuknutih i polomljenih
zrna. Iz spremnika za zrna smo slucajno uzeli uzorke i izbrojali nakupnuta i polomljena
zrna, od 100 zrna.

Utvrdili smo gustocu i visinu biljaka, urod i vlaznost slame, urod i vlaznost zrna. TeZinu
uroda smo izmjerili. Vlaznost zrna smo utvrdili s mjernom napravom WILLE 55, dok smo
vlaznost slame utvrdili s mjernom napravom WILLE 35. Isto tako smo mjerili vrijeme vr-
Sidbe potrebno za razdaljinu od 70 m, tako da smo dobili stvarnu brzinu gibanja kombajna.

Statistiénu analizu podataka smo napravili u programu Statgraph. Upotrijebili smo
analizu varijance i Duncanov multipli test rangova (0=0,05) po uvjetima, koji vrijede za
sluajne blokove. Ako nisu bili ispunjeni uvijeti o jednakosti varijance, podatke smo
transformirali.

REZULTATI

Ozimi jecam

Slika 1 prikazuje, da su gubici na slamotresih i uredaju za ¢iScenje zrna rasli s poveca-
njem brzine gibanja. Gubici zrna pri brzini 8 km/h su bili statisticki znac¢ajno veéi nego pri
brzini 4 i 6 kmv/h. Pri brzini 8 km/h su gubici iznosili 1,9 %, §to veé predstavlja visoke
gubitke. Pri brzini 4 1 6 km/h su bili gubici jo§ prihvatljivi (0,8 tj. 1,1 %). Takode, su gubici
zbog zdrobljenih zrna narasli pri povecanoj brzini gibanja. Pri brzini 6 i 8 km/h su bili
gubici zbog zdrobljenih zrna statisticki znacajno veéi nego pri brzini 4 km/h. Ukupni gubici
su premasili 4,5 %, §to je mnogo vise nego §to je tolerantni standard, te viSe nego navode
Feiffer (2003) i Brki¢ sa sur. (2002). Najvise su tome pridonjeli ve¢ slomljeni klasovi u
vrijeme prije Zetve, i to od 2 do 3,5 %.

Broj slomljenih klasova, u sva tri tretitanja, jako nadmasuje tolerantnu vrijednost od 3
klasa na 1 m”. Na taj faktor ne utje¢e brzina gibanja (kombajniranja), jer je tako stanje bilo
na pokusnoj parceli ve¢ prije zetve. To se je dogodilo, zbog velikog broja polegnutih
biljaka, a pored toga su vec bile i veoma zrele (tablica 1).
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Povecana brzina kombajniranja je utjecala i na ve¢i udio zdrobljenih zrna i s tim takode
na vise gubitke. Pri brzini 6 i 8 km/h su gubici prekoracili udio, koji iznosi 2 %.Rezultati

ukazuju da je uzimajuéi u obzir taj faktor, najprimjerenija brzina zetve manja od 6 km/h
(tablica 1).
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Slika 1 Gubici zrna kod Zetve ozimog je¢ma pri razli¢itim brzinama. Razli¢ita slova znace
statisti¢ki znacajne razlike. Intervali crta ozna¢avaju standardno odstupanje

Tablica 1 Broj polomljenih te podrezanih klasova na 1 m” i broj zdrobljenih zrna od 100
zrna pri zetvi ozimog je¢ma (Duncanov test 0=0,05)

Brzina gibanja

(km/h) Broj polomljenih klasovana 1 m*>  Broj zdrobljenih zrna od 100 zrna
4 10,3 a 1,3a
6 10a 2,7b
8 6,3a 3,0b

U tablici 2 su prikazane neke osobine usjeva ozimog je¢ma (tablica 2). Gustoca biljaka
je iznosila izmedu 150 i 170 b/m? i visina izmedu 90 i 95 cm. Urod slame se je kretao oko
4.000 kg/ha, a urod zrna izmedu 3.900 i 4.200 kg/ha. S povecanjem brzine gibanja se je
statisticki znacajno povecao protok slame i zrna te posljedi¢no protok ukupne mase. To je
bilo o¢ekivano. Odnos izmedu zrna i slame je iznosio oko 1 : 1. Vlaga u zrnu i slami je bila
veoma niska, $to ukazuje, da je bio ozimi je¢am veé veoma zreo. Predvidamo, da je zbog
toga i doslo do visokog udjela gubitaka zbog polomljenih klasova i zdrobljenih zrna.
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Tablica 2 Karakteristike usjeva ozimog je¢ma, urod i vlaznost zrna i slame, te protok zrna i
slame (Duncanov test a=0,05)

Bizina Gustoéa  Visina ~ Urod  Vlaga  Urod  Vlaga Protok Protok Protok  Omjer

(kmv/h) biljaka  biljaka  slame  slame zrna zrna slame zrna mase zrna i
(b/m2) (cm) (kg/ha) (%) (kg/ha) (%) (kg/s)  (kgls)  (kgls) slame
4 176a 95a 4028a  18,3a  4183a  104a 1,4a 1,4a* 2,9a 1:0,96a
156a 88a 3935a  16,7a  3892a  104a 2,0b 2,0b 4,0b 1:1,01a
8 151a 97a 3982a 17,6a 3876a 10,6a 2,7¢ 2,6¢ 5,4c 1:1,03a

* Razli¢ita slova unutar pojedinog stupca znace statisti¢ki znacajne razlike

Daleko najveci postotak gubitaka, od 45 do 75 %, se je pojavio zbog polomljenih klaso-
va (slika 2). Zakljucujemo, da je do toga doslo prije svega zbog polegnutih biljaka, veoma
zrelog usjeva (niske vlage zrna i slame) i kasnog termina Zetve. Drugi po veli¢ini i strukturi
gubitaka zrna su bili gubici na slamotresima i uredaju za ¢is¢enje zrna, a najmanji postotak
gubitaka zrna predstavljaju zdrobljena zrna. Iz slike 2 je ocigledno, da se povecanjem
brzine gibanja povecava postotak gubitaka zbog zdrobljenih zrna i postotak gubitaka na
slamotresima i uredaju za ¢iS¢enje zrna, u cjelini gubitaka.
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Slika 2 Struktura gubitaka zrna pri zZetvi ozimog je¢ma
Ozima pSenica

Istovremeno s poveéanjem brzine gibanja su se povecali gubici zrna na slamotresima i
uredaju za ¢iséenje zrna pri ozimoj pSenici (slika 3). Pri brzini Zetve 8 km/h su bili gubici
zrna na slamotresima i uredaju za ¢iSéenje zrna (0,9 %) statisticki znacajno visi nego pri
brzini 4 1 6 km/h. Pri nijednoj izmedu triju brzina nije bila prekoracena tolerantna granica
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gubitaka zrna, koja za taj sklop iznosi 1,1%. Pri brzini 8 km/h (1,2 %) su bili statisticki
znacajno visi gubici zbog zdrobljenih zrna nego pri brzini 4 km/h (0,5 %). Tolerantna
granica za gubitke zbog zdrobljenih zrna, koja iznosi 0,6 %, je bila prekoracena tako pri
brzini 6 km/h kao i pri 8 km/h. Na gubitke zrna zbog polomljenih klasova ne utjece brzina
zetve. Ti gubici su bili veoma mali i nisu prekoracili 0,4 %, $to je ispod tolerantne granice
0,7 %. Takode i ukupni gubici su se povecali s povecanjem brzine. Pri brzini 8 km/h su bili
statisticko znacajno visi nego pri brzini 4 i 6 km/h. Uzimajuéi u obzir urod 4.800 kg/ha pri
4 km/h iznose gubici 62 kg/ha, pri 6 km/h — 72 kg/ha i pri 8 km/h — 115 kg/ha.
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Slika 3 Gubici zrna pri Zetvi ozime pSenice pri razli¢itim brzinama. Razli¢ita slova znace
statisti¢ki znacajne razlike. Intervali crta oznacavaju standardno odstupanje.

Broj slomljenih klasova na 1 m? je bio veoma mali i pod dopustenom granicom, koja
iznosi 3 klasa na m’ (tablica 3). Broj zdrobljenih zrna od 100 zrna se je povecao
istovremeno s povecanjem brzine gibanja. Pri brzini 8 km/h je broj tih zrna bio statisticki
znacajno visi nego pri brzini 4 km/h. Tolerantna granica znaci 2 zdrobljena zrna od 100.

Tablica 3 Broj slomljenih te podrezanih klasova na 1 m” i broj zdrobljenih zrna od 100 zrna
pri Zetvi ozime pSenice (Duncanov test 0=0,05)

Brzina gibanja (km/h) Broj slomljenih klasova na 1 m®>  Broj zdrobljenih zrna od 100 zrna
4 1,3a 1,7a
6 03a 3,0ab
8 1,0a 4,0b
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Gustoca biljaka je iznosila izmedu 260 i 280 biljaka na 1 m?, visina pa izmedu 66 i 71
cm (tablica 4). Urod slame je iznosio oko 4.200 kg/ha, urod zrna pa oko 4.800 kg/ha. To
ukazuje, da su oba uroda bila niska, jer se radilo o manje intenzivnom uzgoju. Vlaznost
zrna je bila oko 12 %. Pri povecanoj brzini zetve se je statisti¢ki poveéao protok slame i
zrna, te cjelokupni protok mase. To je bilo o¢ekivano. Omjer izmedu zrna i slame je iznosio
oko 1 :0,90.

Tablica 4 Karakteristike usjeva ozime pSenice, urod i vlaznost zrna i slame, protok zrna i
slame

Brzina Gustoéa  Visina Urod Vlaga Urod Vlaga Protok Protok Protok  Omjer

(km/h)  biljaka  biljaka  slame  slame zrna zrna slame zrna mase zrna i
(b/m?) (cm) (kg/ha) (%) (kg/ha) (%) (kg/s)  (kg/s)  (kgls) slame
4 260a 71a 4259a  31,0a  4886a 11,7a  1,5a* 1,7a 3,2a 1:0,87a
280a 67a 4259a 27,72  4669a  12,5a 2,2b 2,4b 4,5b 1:0,92a
8 272a 66a 4167a  30,la  484la  12,0a 2,7b 3,1c 5,8¢c 1:0,86a

* Razli¢ita slova unutar pojedinog stupca znace statisticki znacajne razlike.

Na slici 4 je prikazana struktura gubitaka zrna pri 0zimoj pSenici. Gubici zbog slomlje-
nih zrna su predstavljali najveéi postotak medu gubicima, i to od 40 do 60 %. Gubici na
slamotresima i uredaju za ¢iS¢enje zrna su iznosili od 25 do 30 % u ukupnim gubicima.
Najmanji postotak od svih su predstavljali gubici zbog slomljenih klasova. S povecanjem
brzine gibanja se je povecao postotak gubitaka na slamotresima i uredaju za ¢iS¢enje zrna u
ukupnim gubicima.
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ZAKLJUCAK

Na osnovi mjerenja gubitaka zrna pri ozimom je¢mu na nagnutom terenu, dosli smo do
sljedecih zakljucaka:

Najvise gubitaka se je pojavilo zbog slomljenih klasova ve¢ pred Zetvom, jer su bile
biljke polegnute. Ti gubici su u ukupnoj strukturi premasili 50 %.

S povecanjem brzine gibanja su se povecali gubici na slamotresima i uredaju za
¢iSc¢enje zrna te gubici zbog zdrobljenih zrna.

Pri zetvi polegnutog 0zimog je¢ma je bila najprimjerenija brzina zetve 4 km/h.

Protok slame, zrna i ukupni protok se je povecao linearno s povecanjem brzine
gibanja.

Cjelokupni gubici su iznosili ¢ak 4,5 %, Sto je bitno viSe nego $to je tolerantna
granica (oko 2 %).

Na osnovi mjerenja gubitaka zrna pri 0zimoj pSenici na nagnutom terenu smo dosli do
sljedecih zakljucaka:

S poveéanjem brzine gibanja su se povecéali gubici na slamotresima i uredaju za
¢iS¢enje zrna, te gubici zbog zdrobljenih zrna. Najveci gubici su bili pri brzini 8
km/h.

Cjelokupni gubici su samo pri brzini 8 km/h premasili 2 %.
Najveéi postotak medu cjelokupnim gubicima je bio zbog zdrobljenih zrna.

Protok slame, zrna i ukupni protok se je povecao linearno s povecanjem brzine
gibanja.

Pri zetvi ozime pSenice je obzirom na gubitke i protok mase, bila najprimjerenija
brzina zetve 6 km/h.
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GRAIN LOSSES DURING HARVESTING OF WINTER
BARLEY AND WINTER WHEAT WITH THE
HARVESTER DEUTZ FAHR POWERLINER 4035 H

SUMMARY

During grain harvesting with self propelled harvesters grain losses can
appear, but they should not exceed 1 %. The aim of our work was to establish
actual grain losses by different working speeds (4, 6, 8 km/h) of the harvester
Deutz Fahr Powerliner 4035 H on sloping ground. The measuring vessel from
the manufacturer Feiffer consult was used to determine grain losses on straw
walkers and cleaning unit. By winter barley the grain losses were about 1 % at 4
and 6 km/h, while at 8 km/h they reached 1,9 %. The greatest part of grain losses
by winter barley was due to broken ears, which lied on the ground already before
harvest at all three speeds (23,4 %). The grain losses increased with increasing
speed also by winter wheat from 0,3 % at 4 km/h to 0,9 % at 8 km/h. Just like by
winter barley as by winter wheat the grain losses on account of broken and
cracked grains increased by increasing speed. By winter barley they extended
from 0,6 (4 km/h ) to 0,9 % (8 km/h) and by winter wheat from 0,6 % (4 km/h) to
1,2 % (8 km/h). The results show that working speeds between 4 and 6 km/h are
the most suitable for harvesting on sloping ground. At 8 km/h the grain losses are
too high.

Key words: grain harvester, grain losses, straw walkers, cleaning unit
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SUMMARY

The arrangement of defined irrigation events reveals a challenging issue to
farmers all over the world, whereas the lack of instant top soil characterization
simultaneously displays a major reason for this. Due to a consequent spatial
heterogeneity of water contents, moving irrigation can scarcly be adjusted evenly
in a proper relation to prevailing top soil water contents. For that a number of
water content evaluation methods have been established to customise the
previously calculated irrigation amounts according to the spatial variation of
prevailing water contents on field. The most prominent method to detect a present
state of water content is the translation of prevailing suction pressure within
different soil depths into water contents. A second method is the Time Domain
Reflectometry (TDR) which reveals volumetric water contents using a mathem-
atic runtime translation from transmitted electromagnetic pulses (Topp et al.,
1980, Roth et al., 1992). Crux of the matter is where to allocate the stationary
equipment on farm in order to derive a proper information of an all over field
valid information on water content by selecting few and right spots hence to cost
and maintenance of the abovementioned detecting devices.

The latest design of a dynamic moving TDR reveals water contents in 3 depths
using one solid probe body, moving in the top soil. But the produced shallow
strap of information solitarily qualifies to display machine tracks of the moving
irrigation cart. The translation into working breadth has been acquired using
visually processed thermographic patterns. This resulted in a proper identific-
ation of moistened surfaces to a depth of -2 cm, even though an ocularly rating
was not feasible. Moreover, the approach reveals current top soil evaporation,
indicating changing zones of topsoil properties, which is indispensable to draw a
clear image of actual irrigation needs within deeper layers of the root zone.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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Key words: Information management, irrigation, IR-thermography, mobile
TDR, sensor-fusion

INTRODUCTION

An instant definition of top soil properties forms one of the most challenging issues of
current agricultural research. The lack of instant top soil characterization simultaneously
displays a gap of information within the structure of precision agriculture (PA). Computer
based decision tools are widespread within PA, whereas the spatial heterogeneity of
predominant top soil properties can barely taken into account for essential preservative
steps of agricultural activity. For that a number of methods are prevalent determining top
soil conditions on the go. Recent developments have brought up FDR and TDR techniques
into a dynamic water content acquisition (Laboski et al., 2001; Jantschke et al., 2006;
Schulze Lammers et al., 2007), where electrical conductivity mapping has already been
established years ago (Bronson et al., 2005; Domsch et al., 2004). But sensor fusion of
simple environmental baseline data acquisition holds a greater potential to customise the
previously considered data sets. Crux of the matter is at what period and plant stage to
move sensors on top of the field and due to which individual production step. The major
task is to generate broad field valid information on the spatial distribution of top soil
conditions, which are skilled to result in proper drainage information caused by water
content measurements of the very surface. Draft force detection creates a further index
contemplating clay content proportion.

Appropriate supply of irrigation water is essential to increase the overall water use
efficiency and the momentary soil-water availability to the plant. Providing high potential
water availability to the root zone is a prerequisite for a high productivity in terms of crop
quantity and quality. Different atmospheric, plant-related and soil moisture measurement
methods have been used to manage irrigation, specifically, the timing of water application
and consequent water quantities. Ambience measurements provide information regarding
the current water demand or plant-water status, respectively. However, these data do not
provide information whether the plant-water-stress is temporary, nor the sources of the
currently recorded stress are publicized. Crop yields are more closely related to soil water
availability than to any other soil or meteorological variable (de Jong and Bootsma, 1996).
Therefore, frequent measurement of water status in the root zone provides the essential
information whether the current water content will supply the potential water requirements
of the plant or whether the plant will alternatively have to adapt itself to permanent
moisture reduction by partial closure of its stomata. Such conditions distress plant
development and eventually yield. Moisture content measurements can also be translated to
irrigation timing and degree.

In order to quantify the water dynamics in the soil-plant—atmospheric continuum and its
consequent availability to the plant, the sequential and spatial variation of water content in
the soil profile is crucial. Soil water content, 6, is a central state variable that influences the
apparent hydraulic properties of the soil, which should be known prior to mathematical
model’s application for water flow and nutrient transport quantification. The most recogni-
zed hydraulic properties are the 0 - % relationship (known as the soil retention curve) and
K - 0 relationship, but several proportions are important as well (diffusivity, dispersivity,
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e.g.). Numerical models for soil water dynamics are complex tools for irrigation-design
under a clear increase of the overall water use efficiency. The combination of mathematical
models and a relative small number of in-situ recorded data describes the ultimate tool for
optimal irrigation. It feeds the basis to maximize yield expectations at simultancous
conservation of the environment, saving water as a resource by quantity and pollution grade
(deep percolation, pollution of vadose zone).

The importance of frequent water content measurement in the soil profile has been
recognized since the early days of modern hydrology and irrigation. The main problem
appeared to be the time consumption for direct measurement of moisture content at low
output efficiency. A continuous measurement of moisture content at field scale was
unrealistic and alternative methods estimating soil moisture content have been altered. The
most common indirect method is to measure the soil water potential with tensiometers or
gypsum blocks (Armstrong et al., 1985; Lowery et al., 1986) and transfer the appearing
water potential to proportional moisture contents using presumptive considered specific
retention curves. The problem with this method is that: measurement of retention curve in
the laboratory requires extensive test series and the measured curve emerge valid for a
single spot of sampling. Field properties are spatially variable, so the determination basis of
prevailing moisture content varies due to different locations with many local retention
curves. Even bordering spots are not uniform. Concluding field variance of moisture
patterns is strikingly high, even within homogenously characterized plots.

FOCUS

The overall focus of the current research is to identify significant measuring spots on
field, which are relevant for plant related information on soil water status of depletion or
saturation. Comparative measurement approaches are set up on the baseline analysis of soil
mapping by sampling and ECa measurements (via EM 38 electrical conductivity detection).
The emerging maps are to translate the relative distribution over entire machine tracks
using horizontal transects on plot or field scale by means of the newly developed dTDR-
method. Another intended sensing device is based on microwave transmitters, measuring
the average moisture content along the soil profile at a maximum measurement penetration
depth (-30 to -40cm). But still stationary spots are to be revealed in order to verify the field
distribution of moisture patterns. For that thermographic soil surface evidence has been
established, revealing moist and dry topsoil conditions due to evaporative behaviour of the
surface properties given.

The major objective of this study is to make the first needed steps toward developing a
plot or field scale criteria for optimal field reality imaging. These steps include:

e To verify the recently developed dTDR by measuring the moisture content at disc-
rete points along the transect by the gravimetric and TDR method. The prototype
setup will be tested stationary in the soil laboratory of Agricultural Engineering of
Hohenheim University. Subsequent to a progress of distinct combined stationary
data readings, first trials will be conducted in the soil bin (46 x 5 m of sandy clay,
under a glass roof cover).
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e To verify the dTDR by measuring the soil moisture along a shallow horizontal
transects at a field scale.

e The estimation of apparent spatial variation concerning soil bulk density along field
transects by adding a draft force detector to the dTDR. This information will provide
an additional insight on the spatial variability of soil properties at plot or field scale.

To derive a correlation between the transect measurement in a shallow layer (dTDR) and
the top soil moisture content along the actual working width mathematical models have to
be introduced. The final goal of this correlation is to relate the moisture content along the
transect to the total distribution of moisture content on a field pattern scale.

HYPOTHESIS

Soil moisture content varies in space and time, thus a sensor technique has to be
introduced in order to provide basic data, documenting and evaluating the prevailing
conditions. Hypothesis is that this goal can be achieved by a blend of sensors, dTDR with
an additional detection of draft force (estimation of soil bulk density). The dTDR sensor
produces exact and automatic moisture readings at a temporal resolution of 5 Hz and a
spatial resolution of h=3cm in adjustable soil depths. Consequently a shallow soil layer
close to the soil surface is evaluated by the dTDR, which provides a first approximation of
the concurrent moisture, which is further acting as a reference for the IR-reading, which can
be translated to a top soil water distribution (fig. 1). This will provide a local resolution,
displaying the entire root zone of crops. The dynamic feature of this system will extend the
local resolution for horizontal transects along the plot. The combination of data from two
sensors and the developed mathematical models will produce a plot or field evaluation
mean and a decision-making tool for field reality imaging that is based on the specific plot
or field.
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Figure 1 Thermographic top soil moisture acquisition beyond visible proportion of light
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MATERIAL & METHODS

The gravimetric method has been the regular method for a direct measurement of soil
moisture content until today (DIN 18 121). It is based on soil sampling, weighing before
and after oven drying (24 hours at 105°C or to an equilibrium of weight). This method
provides the gravimetric rather than the volumetric moisture content which is more applica-
ble for soil science and irrigation. To convert the gravimetric to volumetric moisture
content soil bulk density of the given spot is indispensable. In order to characterize at plot
or field scale, many samples must be taken to reproduce traceable spatial variability. The
advance in direct measurement of (volumetric) soil water content was the finding that the
dielectric properties of the different soil constituents, namely, solids, water and air that have
distinct dielectric properties (large contrast of the dielectric properties of water (81) and dry
soil (3-5)) (Topp et al., 1980; Dalton and van Genuchten, 1986; Zegelin et al., 1989). The
Time Domain Reflectometry (TDR) method, which is the leading modern method to
measure the volumetric moisture content of soils, takes advantage of this fact.

The standard TDR equipment mainly consists of probes, 10-30 cm long, that are penetr-
ated horizontally or vertically to the soil profile and connected by coaxial cables to the TDR
instrument. The widespread shape of the probes is a two or three prong fork, whose prongs
are set-up parallel. The typical volume for which the moisture content is determined with a
size of 2/3 of the prong spacing. The TDR instrument generates a voltage surge in a time of
20 ps (1 ps = 10™'%), that causes the propagation of an electromagnetic wave. The wave
pulse propagates via the probes and comes into interaction with the surrounding soil. At the
end of the probe, the pulse is being reflected and returns to the electronic measuring
implements, where the interference of emitted and reflected pulse is recorded by a sampler.
The time difference between the emitted and reflected electromagnetic pulse is further
translated to soil moisture content. It depends on the described dielectric properties of the
media. The probes in the standard TDR system are stationary and measured values are
given local. In order to cover larger areas in which the soil properties are spatially variable
and moisture content is rarely uniformly distributed, many probes are imperative to be
installed and advanced mathematical models should be used to calculate representative
moisture contents for the regarding area. An exhaustive setup could be used to derive
threshold values for irrigation management. Recently, a dynamic soil-moisture gauge for a
field scale has been developed by the Institute of Agricultural Engineering at the University
of Hohenheim and IMKO. One center of the development is the evolution of the electronics
of the TDR using TRIME principle (Time Domain Reflectometry with Intelligent Micro
Elements) and the other is the promotion of the sensors geometry into one solid instrument.
The solid sphenoid probe contains modified TRIME components, which allows a 50 times
faster measuring cycle. The current setup is dominantly characterized by a metal probe
body, which is filled with polythene. The accordingly supported waveguide is covered by a
non abrasive ceramic plate. The penetration depth of the solid probe varies from -30 mm to
-160mm for the recent trial setup, whereas the emerging electromagnetic measuring field
stays 190cm?. The dynamic probe has been tested with a maximum probe pace of Sm/sec at
-10cm below in soil bin tests and subsequent irrigation trials with a maximum speed of 100
m/h. Moisture assessment resolution was provided with 5 Hz. The gained values are
verified, using stationary TDR and simultaneous gravimetrical evidence.
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The blend of evaluation tools demands a multiple setup of the dTDR sensor and the draft
force detection to display transect data of prevailing watercontent and soil bulk density
variation. This is verified by the image drawn on electrical conductivity measurements. The
solitary spots of rootzone description are identified by means of draft force maps along with
the thermographic images, which are highly correlated to topsoil wetness index (fig 1).
Thermographically visible evaporation was verified for artificially wetted spots. The results
drawn were realized by trial setups beyond the visible appearance of top soil wetness.

Following the evolutionary way of concept, design, realization and experiments, the first
steps will be to:

1. Realize the tandem probe setup on a basic rectangular layout (dTDR moves in the
soil, as the IR sensors equally move on top of the soil on the irrigation cart; fig. 2)

2. Develop a concept mount-on-top sensor setup to translate top soil moisture
distribution on a broad scale, aligning the acquired data with formerly recorded
electrical conductivity maps along with draft force maps (soil bulk density)

3. Create dTDR evidence of volumetric watercontents using specific senor setups in
different depths to gain a proper rootzone resolution regarding irrigation or drainage
status of the specific spot (fig 3)
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Figure 2 Linear move irrigation control setup
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Figure 3 Rootzone displaying — Evolution of dTDR arrangements

DATA & RESULTS

Dry soils reveal higher temperatures due to non- or low-evaporative surfaces along with
identical soil surface roughness index and consequent solar radiation grade. The differences
in surface wetness are non detectable by the visual part of reflection.

The grade of evaporative surface cooling could be related properly to the grade of
surface roughness. Verifications were drawn by gravimetrical evidence (DIN 18121).
Furthermore initial results of thermographic data acquisition on various sites showed a high
potential, detecting the present top soil moisture in changing top soils. The combination of
actual draft force or penetration force along with definite water content in known depths
reveals much more than the standalone evaporation rate of bare soil. Various dTDR setups
have been realized to promote adequate data to create a state of the field reality, which
enables a numerical approximation of top soil water content distribution by means of IR
detection.

DISCUSSION

Momentary translation of thermographic evidence needs further side-data to derive
highly defined water content information of top soils: Surface roughness and climatic
constraints give first hints, resulting in suitable data acquisitions of soil types known.
Further automatic field reality imaging functions on a basis of mathematical lateral
extrapolation relative to the working width and travel direction given. The dTDR
measurements are conducted at each working step on field in order to derive the key data
for further extrapolation on field-scale. Shallow penetration of the dTDR measuring field is
backed up by the combination of sensors within one setup (rootzone displaying; fig. 3).
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CONCLUSIONS

Supplementary research on an upcoming prototype intends to blend visual sensors,

thermographic sensors, climatic baseline information and surface scans by a high resolution
laser, which will generate the required information to gain reliable field characterizing data
on the basis of defined surface roughness.

The novel system shows a high potential in revealing top soil properties. Application

fields are flashy for precision irrigation purposes. Field reality imaging displays an
individual tool for high frequency automation of any kind. The equipment’s attendance to
various individual production steps accumulates a highly defined spatial knowledge of soil
properties.

11.

12.
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SUMMARY

This paper discussed three types of quantitative methods used to build NIR
models: PLS (Partial Least Square), BP (Back Propagation Neural Network) and
SVM (Support Vectors Machines). One hundred and thirty two unit wheat
samples were used as experimental materials. The result indicates that SVM has
good performance. There also discussed SVM parameters.: the penalty parameter
(c) and the kernel parameters (y) of RBF (Radial Base Function) kernel, which
strongly affect prediction ability of the SVM model. The result indicates that ¢
affects the self-prediction ability of SVM model and y affects the prediction ability
of SVM model when the other parameters are fixed.

Key words: NIR, PLS, BP, SVM, quantitative methods

INTRODUCTION

There are two typical quantitative methods used to build NIR (near infrared spectro-
scopy) models: PLS (Partial Least Square) and BP (Back Propagation Neural Network).
PLS algorithm is the most common used linear method in NIR analysis. While building
calibration model by PLS method, the most difficult thing is how to choose the number of
principle component (f). BP method has good ability of anti-jamming and nonlinear
transformation ability. But it is not used very much because the training is very difficult and
complex. In recent years Support Vector Machines (SVM) as a new technology is gradually
used in NIR quantitative and qualitative analysis. SVM is a new machine-learning
algorithm based on Vapnik-Chervonenkis (VC) Dimension and Structural Risk Minimiza-

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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tion (SRM) of statistical learning theory. It is good at solving the problems, such as small-
scale, nonlinear, high dimension and local minimum [1-4].

This paper compares three types of quantitative methods used to build NIR models: PLS,
BP and SVM. SVM parameters strongly affect the NIR model’s prediction ratio. But there
are no rules to choose SVM parameters. Here also deeply discusses SVM parameters: the

penalty parameter ¢ and the kernel parametery

METHODS

Materials and Spectral data

The sample set is composed of 132unit wheat sample supplied by China Academy of
Agricultural Mechanization Sciences. The protein content of the sample set covers from
9.92% to 19.82%.

Near infrared spectra are collected on the wheat sample set by diffuse reflectance from
12500 to 4000 cm™ in 16 cm™ on MATRIX-I spectrometer (Made in Germany, BRUKE
Corp.). According the content difference, the whole sample set is divides two parts, one for
calibration (99unit, 9.92%~19.82%) and the other for test (33unit, 11.1%~19.37%).

Software

The software used for this research was implemented in MATLAB v.6.5. The PLS
algorithm is programmed personally in MATLAB. BP algorithm is made up by the network
toolbox of MATLAB. The software package about SVM named LIBSVM can be
conveniently downloaded from the web, http://www.kernel-machines.org/.

RESULTS AND DISCUSSION

PLS

PLS is the most popular linear calibration method in NIR quantitative analysis. At
present NIR software all concludes the algorithm. Here directly gives the PLS model result
in table 1.

Table 1 NIR model built by PLS algorithm

algorithm f R’ RMSEE  RMSEP

PLS 12 0.94 0.26 0.39

f - he best number principle component, decided by PRESS (Prediction Residual Error Sum of Squares),
R? - Coefficient of Determination, RMSEE - Root Mean Square Error of Estimation,
RMSEP - Root Mean Square Error of Prediction.

According to the Table 1, the NIR model built by PLS has low RMSEE and RMSEP,
high R% So the NIR model has good quality.
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BP

BP is the most popular nonlinear calibration method in NIR quantitative analysis. Basic
BP algorithm has some shortcoming, such as slow constringency speed, slumping in local
infinitesimal point easily. Here compared five improved BP algorithms [5] to build NIR
models, which are provided by MATLAB NN toolbox:

(1) Levenberg-Marquardt optimizing algorithm (Matlab Function: trainlm),
(2) Conjugate grads learning algorithms (Matlab Function: trainscg),

(3) Quasi-Newton algorithm (Matlab Function: trainbfg),

(4) Bayesian-Normalize algorithm (Matlab Function: trainbr),

(5) Stop-ahead algorithm.

Table 2 lists the NIR model parameters built by improved BP algorithms.

Table 2 NIR model built by improved BP algorithms

Imprgved BP Net-structure ~ Training step  R*> RMSEE RMSEP
algorithms
Levenberg- 3-15-1 1701 092 025 2.47
Marquardt optimizing
Conjugate grads 3-15-1 1901 096  0.15 3.96
learning
Quasi-Newton 3-15-1 1151 0.94 0.19 2.57
Bayesian-Normalize 3-3-1 463 0.26 1.48 1.05
Stop-ahead 3-3-1 127 036 1.34 1.11

According to the Table 2, the NIR model built by the first three BP algorithms has
higher R?, lower RMSEE and higher RMSEP than the NIR model built by the last two BP
algorithms. The first three models are good at self-prediction, but are short at prediction
because the BP algorithms are based on Experience Risk Minimization (ERM) of statistical
learning theory. The last two models’ prediction ability is better than the first three models’.
But the samples are not very much and its representative is not enough, the last two
model’s training is stop ahead. It results in the final bad models’ parameters.

Compared with Table 1, the NIR model built by PLS has good quality and its training is
simpler than the BP models’ training.
SVM

In recent years SVM is gradually used as a calibration method in NIR analysis [6-9].
Here introduced the SVM primary idea briefly.

The goal of SVM is to produce a model, which predicts target value of data instances in
the testing set that are given only attributes. Given a training set of instance-label pairs (x;,
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vi), i=1, ..., n where x;€ R" and y;e R", the linear regression function f(x)=w-x+b fit
the data y. The SVM require the solution of the following optimization problem:

o 1 - .
min : ®(w,&,&) =Ew-w+cZ(cfl. +<&)
i=1
Subject to

—w-x,.—b<e+&
{y’ ' g i=1.2...n

w-x, +b—y <e+&

The final regression function:
S@)=(w-x)+b=) (a; —a)K(x,x)+b.
i=1

Here training vectors x; is mapped into a higher (maybe infinite) dimensional space by
the function A Furthermore, K(x;,x) =¢(xl.)T¢(xj) is called the kernel function.
Then the SVM is similar to a neural network. Fig. 1 shows the SVM structure.

Figure 1 The SVM structure

The output is the linear combination of every middle node and every middle node is the
support vector. Four basic kernels are in common use:

(1) Linear: K(x;, xj) = xl.ij
(2) polynomial: K(xi,xj) = (}/xl.ij + r)d, y>0
(3) radial basis function (RBF): K(x;,x;)= exp(—;/”xi - xjHZ ),y>0

(4) sigmoid: K (x;,x;) = tanh(;/xl.ij +7)
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here, y, r, and d are kernel parameters.

It is a first important step to choose a kernel before building a model. Then the penalty
parameter ¢ and kernel parameter are chosen.

It is suggested that in general RBF is a reasonable first choice. The RBF kernel nonli-
nearly maps samples into a higher dimensional space, so it, unlike the linear kernel, can
handle the case when the relation between class labels and attributes is nonlinear.
Furthermore, the linear kernel is a special case of RBF as shows that the linear kernel with
a penalty parameter has the same performance as the RBF kernel with some parameters (c,

Y ). In addition, the sigmoid kernel behaves like RBF for certain parameters.

The second reason is the number of hyperparameters that influences the complexity of
model selection. The polynomial kernel has more hyperparameters than the RBF kernel.

This paper chooses RBF as SVM kernel. There are no rules to choose SVM parameters.

So the experiment search the best parameters c,y firstly in wide range, then reduce the
range until find the best parameters ¢,y . Assumed the range of c¢: 1, 10, 102, 10%, 10%, 10°,
10°, 107, y :0.01, 0.05, 0.1, 0.15, 0.2, here list the results in Table 3-Table 7.

Table 3 SVM model whiley =0.01

c Support vectors R? RMSEE RMSEP
1 96 0.27 1.63 1.62
10 99 0.25 1.49 1.39
10 98 0.34 1.62 1.43
10° 93 0.50 1.23 1.32
10* 90 0.8 0.79 0.94
10° 83 0.98 0.25 0.51
10° 86 0.99 0.09 0.82
107 84 0.99 0.10 0.83

Table 4 SVM model whiley =0.05

¢ Supportvectors R*>  RMSEE RMSEP

1 98 0.21 1.59 1.51
10 96 0.31 1.42 1.44
10 96 0.46 1.26 1.33
10° 93 0.73 0.91 1.61
10* 86 0.96 0.34 1.4
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10° 85 0.99 0.10 1.35
10° 87 0.99 0.09 1.32
107 87 0.99 0.09 1.32

Table 5 SVM model whiley =0.1

c Support vectors R’ RMSEE RMSEP

1 92 0.14 1.69 1.71
10 96 0.17 1.63 1.62
10 99 0.29 1.50 1.4
10° 98 0.34 1.40 1.39
10* 91 0.48 1.23 1.37
10° 90 0.78 0.83 0.93
10° 81 0.97 0.30 0.52
10 97 0.79 1.02 1.27

Table 6 SVM model whiley =0.15

c Support vectors R’ RMSEE RMSEP

1 97 0.25 1.50 1.52
10 94 0.4 1.33 1.38
10 95 0.63 1.05 1.8
10° 96 0.88 0.63 2.08
10* 91 0.99 0.16 2.03
10° 85 0.99 0.10 1.87
10 85 0.99 0.10 1.87
10’ 85 0.99 0.10 1.87

Table 7 SVM model whiley =0.2

c Support vectors R’ RMSEC RMSEP

1 98 0.28 1.47 1.51
10 95 0.44 13 1.32
10 93 0.67 0.98 1.72
10° 95 0.91 0.55 1.34
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10* 91 0.99 0.13 2.29
10° 93 0.99 0.10 2.15
10° 93 0.99 0.10 2.15
10 93 0.99 0.10 2.15

According to Table 3-Table 7, here can draw the curves, figure2and figure 3.
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According to Figure 2, RMSEE is reducing while c¢ is adding except the

curvey =0.1.But there are no relationship between RMSEP and c in Figure 3.So ify is
fixed, the penalty parameter ¢ affects the self-prediction ability. The similarly conclusion
can also be drawn according to Figure 5 and Figure 6. If ¢ is fixed, y affects prediction

ability.
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Figure 4 RMSEE
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Figure 5 RMSEP
According to Table 3 —Table 7, the better SVM model, R?=0.98, RMSEE=0.25 ,

RMSEP=0.51 while c=10° , y=0.01. To find the best SVM model, here reduced the rang of

¢ and y, assumed that ¢:10° , 10°, 107 , y: 0.001 , 0.0015 , 0.002 , 0.005, the result lists
in table 8.

Table 8 SVM model of small range

Y c Support vectors RMSEE R? RMSEP
0.001 10° 88 0.8 0.79 0.91
10° 80 0.28 0.97 0.46
107 98 1.23 0.64 1.1
0.0015 10° 91 0.7 0.84 0.82
10° 85 0.23 0.97 0.36
107 96 1.22 0.71 1.39
0.002 10° 89 0.62 0.88 0.73
10° 84 0.22 0.98 0.42
107 86 1.23 0.71 1.84
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0.005 10° 83 0.36 0.96 0.47
10° 86 0.14 0.99 0.50
107 85 0.18 0.99 0.57

According to the Table 8, the best SVM model’s index, R2=0.97, RMSEE=0.23,

RMSEP=0.36. The indexes are all better than the PLS model.

CONCLUSIONS

Here, this paper can get some conclusions,

. Compared with the three calibrating procedure, PLS is simple and direct, BP training is
complex, SVM is simpler than BP, but more complex than PLS.

. Compare with the NIR model’s indexes, SVM is better than PLS, PLS is better than BP
in this paper.

. Compare with the three methods’ foreground in NIR quantitative analysis, PLS,
however, is the first method because it is simple and robust. BP method is complex.
Sometimes its result is bad because of its ERM training. But SVM is simple than BP.
Sometimes its result is better than PLS because of its SRM training. So the foreground
of SVM will be developed better than BP in NIR analysis to build nonlinear quantitative
calibration.

. The penalty parameter (c) and the kernel parameters (y) of RBF (Radial Base Function)
kernel strongly affect prediction ability of the SVM model. The experimental result
indicates that ¢ affects the self-prediction ability of SVM model and y affects the
prediction ability of SVM model when the other parameters are fixed.
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SUMMARY

Spectroscopy is the study of the interaction of electromagnetic radiation with
a chemical substance. Each molecule has certain natural vibration frequencies.
The nature of the interaction depends upon the properties of the substance. When
infrared light is incident on the molecule, the frequency which matches the
natural vibration frequency is absorbed by the molecule resulting in molecular
vibration. Near infrared Spectroscopy (NIR) is a type of vibration spectroscopy
in the wavelength range of 780 to 2500nm. This NIR bands are due overtone and
combination bands primarily of OH, CH, NH and CO groups. Applications
include water content, measure the percentage of proteins, lipids, carbohydrates
in food. The absorption of the radiation at the NIR region is attributed to the low
mass of the hydrogen atom. The bonds involving hydrogen vibrate with large
amplitude. Therefore, the absorption bands observed at the NIR region arise
from overtones of stretching vibrations involving functional groups with
hydrogen atom or combination involving stretching and bending mode of
vibration of these groups. The overtones (1450nm) and combination (1940nm)
water bands in the NIR region, spectral bands related to milk. The lipid CH
combination and second overtones related at 2320 and 2350nm. The protein NH
absorption band at 2060 and 2170nm can be visualized in the wheat spectrum.
This information content has been intensively exploited for qualitative and
quantities chemical and physical analytical purposes. Instrument selection must
be guided by end application. Modern NIR instruments in terms of the technology
employed for wavelengths selection: Filter instruments, Led based instrument,
AOTF based instrument, Dispersive optics based instruments and Fourier
transform based instruments. Stability, reliability, wavelength accuracy,
resistance to vibration and temperature change are all factors that determine the
performances of the instruments.

Key words: spectroscopy, NIR, molecular, wavelength, absorption, food
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INTRODUCTION

The IR spectral region is from the red end of the visible spectrum at 780nm (12 820 cm’
" to the beginning of the microwave region at a wavelength of 1mm (10 cm™). This range
is further subdivided into the near-infrared (NIR), mid-infrared (MIR), and far-infrared
(FIR). The MIR region covers the range of 2,5um to 25um (400 - 4000 cm™). The NIR
region covers the range of 780 to 2500nm (12 820 - 4000 cm™). Near infrared Spectroscopy
is the region most familiar to the organic chemist as providing a ‘‘fingerprint’
characteristic of molecular species. It is this region that includes the rich spectrum of
absorptions corresponding to fundamental vibrations of the species being probed. Although
MIR absorption positions are almost universally reported in units of wavenumbers (cm™), it
remains the norm for NIR spectra to be reported in wavelength units, generally in
nanometers. The wavenumber unit cm™ is commonly used in infrared spectroscopy. It is the
frequency of the radiation divided by the speed of light c. NIR analysis has steadily grown
in popularity because of its ability to quickly provide qualitative and quantitative
information of many products. The non-invasive and non-destructive features of vibration
spectroscopy techniques, such as NIR, make them novel tools for in-line quality assurance.
The actual NIR analysis was developed in the 1950’s ' by a work of a group at USDA
(United States Department of Agriculture) (1993). They discovered that the non-destructive
NIR spectra of biological samples could be obtained with no sample preparation and in less
than a minute. This gave rise to a wide range of uses of NIR in the agricultural industry.
Many types of industries have also used NIR for several applications. The petrochemical,
pulp and paper, and pharmaceutical industries have taken advantage over characteristics of
NIR™. Today, more papers are being written about the application of the NIR spectral
region to all types of analyses than ever before.

NIR spectroscopy has emerged in recent years as the analytical method of choice in an
enormous variety of applications. The clearest advantage is that no specific reagents are
required. Automated, repetitive analyses can therefore be carried out at very low cost. The
appeal of these factors has spurred the development of a new generation of analytical NIR
spectrometers that combine high acquisition speed with superb spectral sensitivity.
Powerful chemometric algorithms and software packages have emerged in parallel with the
new hardware, and new applications emerge continually. Rather than relying upon reagents
to promote color reactions, NIR-based analysis is founded upon the spectrum of NIR colors
characteristic of the analyte itself. If a particular component provides an NIR absorption
spectrum, and its concentration is high enough that the spectrum contributes meaningfully
to the NIR absorption profile, and then it may, in principle, be quantified by using NIR
spectroscopy.

Methods based on infrared spectroscopy have the potential to satisfy the demands that
chemical analysis does not. Infrared spectroscopy probes the vibrations of the functional
groups of molecules by letting infrared light interact with the sample under investigation.
This is a non destructive, and possibly non-invasive, method which is, in principle, capable
of identifying and quantifying organic molecules. Each organic molecule has a unique
infrared spectrum, and the strength of this spectrum is proportional to the concentration of
the molecule. This means that simultaneous determination of several trace components
from one spectrum is feasible provided that the spectra are sufficiently different in the
spectral regions that are accessible. Unfortunately, the water in aqueous solutions absorbs
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strongly in the infrared spectral region because of its high concentration. The signals of
interest from the trace components are small in comparison and must be extracted from this
strong and varying background.

BASIC THEORY OF FUNDAMENTAL VIBRATION

The total molecular energy may be expressed as the sum of the molecular translation,
rotational, vibration, and electric energies. The atoms in molecules are constantly moving.
The distance between any pair of atoms and bond angles is constantly changing with time,
although the average bond length and bond angles are well defined and remain the same for
long periods of time. At room temperature, this motion is mostly small amplitude
oscillations, so called molecular vibration. Chemical reactions occur on a much longer time
scale than vibration (many orders of magnitude). Each degree of freedom of the molecule
has on average energy of kT where k is the Boltzmann constant and T is the temperature. It
is important to understand vibration motion of molecules for many reasons. Vibration
motion is an important source and sink of kinetic energy in chemical reactions.

_, 1

symmetrlcal asymmetrlca bending
stretching stretching (scissoring
v,=3652 cm’! vi=3756 cm’! v;=1595 cm™!

Figure 1 The vibration modes in water

Also, by using infrared spectroscopy which probes the vibration motion, one can learn
about molecular structure and the chemical composition of unknown samples. Sharp peaks
in the IR absorption can be associated with particular molecules, or fragments of molecules.
Each peak corresponds to a ‘vibration mode’ of the molecule. In most cases the vibration
modes can be well approximated by so-called ‘normal modes’ of vibration. A molecule
consisting of N atoms has a total of 3N degrees of freedom, corresponding to the Cartesian
coordinates of each atom in the molecule. In a nonlinear molecule, 3 of these degrees are
rotational and 3 are translational and the remaining corresponds to fundamental vibrations;
in a linear molecule, 2 degrees are rotational and 3 are translational. The net number of
fundamental vibrations for nonlinear is 3N-6, and for linear molecules is 3N-5 degrees of
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freedom. Water and carbon dioxide are valuable examples of simple system in which
mechanical coupling between two oscillators. Water to be constructed of two O-H
oscillators, the individual diatomic systems would be expected to have identical
frequencies. When welded together, however, the vibrations of one O-H oscillator interfere
with the vibrations of the other O-H oscillator. The coupling interaction is frequency
dependent. The closer the frequencies of the two oscillators have the stronger the
interaction. When there are identical frequencies and a direct mechanical connection, the
coupling effect will be maximized. The three normal modes of H,O also include the
symmetric O-H stretch, the asymmetrical stretch, and an H-O-H bends, shown in figure 1.
The bending mode has a lower frequency than the others.

The main problem in the description of the vibrations of a polyatomic molecule is the
determination of the reduced mass of a specific normal mode. For larger molecules, this
becomes an incredibly complicated task. It can, however, in good approximation, partition
a molecule into functional groups and neglect the coupling between vibrations of different
groups if they are spatially separated or if their force constants differ considerably. The
introduction of group frequencies allows the identifications of structural elements of a
molecule and makes infrared spectroscopy an important tool for the identification of
molecular structure and for infrared spectroscopy an important tool for the identification of
molecular structure and for quantitative analysis.

SPECTROSCOPY

In absorption spectroscopy, the molecule absorbs energy from the oscillating electric and
magnetic field in the electromagnetic wave only if the frequency matches that of the
vibration oscillations (such matching of frequencies is called resonance). The energy of the
absorbed photon is calculation absorption on formula (1)

Ei:hVi (1)

A polyatomic molecule has more than one normal mode of vibration. Each normal mode
has a different frequency and there is, in principle, an absorption peak for each one of the
modes. No peak is observed, however, if the normal mode displacements do not lead to a
change in the dipole moment of the molecule, where h is Planck’s constant and v; is the
frequency. The IR region is active mainly to vibration energy changes of ground electronic
state molecules. Generally, only organic molecules can absorb wavelengths in the NIR
region. MIR and NIR are based on absorption techniques. The absorption bands are due to
molecular vibrations. MIR is associated with fundamental molecular stretching and bending
vibration frequency. NIR band are due to overtone and combination bands primarily of OH,
CH, NH and CO groups. NIR is currently used in the food industry to measure the
percentage of proteins, lipids, carbohydrates and moisture in food. NIR offers the
possibility of in-line analysis. NIR Spectra can be collected in two modes: either
transmittance (light passing through translucent media) or reflectance (light diffusely
reflected from opaque media). Transmittance — log (1/T) — measurements are collected
on translucent samples that have low biomass or low light scattering. The use of narrow
optical path lengths (less than one millimeter) can improve analyte sensitivity but makes
sampling (and cell cleaning) difficult. Diffuse reflectance — log (1/R) — measurements
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are used to interrogate opaque or strongly light-scattering samples (that is, those with high
biomass or high light scattering) suitable NIR spectroscopic models. In MLR, linear
relationships are derived between the absorption of NIR energy at discrete wavelengths and
the reference analytical chemistry for specific constituents. The primary wavelength is for
the analyte of interest, and subsequent wavelengths are included to compensate for
overlapping, interfering absorption bands from other broth components or from changes in
light scattering intensity.

Infrared spectroscopy is based on the Beer’s-Lambert law, where absorbance is directly
proportional contents. Sample is enough thickness, so the transmition is equal zero and
suppose is to happen only reflection. From reflection of two wavelengths is calculation
absorption on formula (2)

A=logi(Ry/R @)
A — Absorbance
Ry — Reflection from referent wavelength or from standard sample
R, — Reflection from sample

Molecules that absorb NIR energy vibrate in two fundamental modes: stretching and
bending. Stretching is a continuous change in the inter-atomic distance along the axis
between two atoms and it occurs at lower wavelengths than bending vibrations. A bending
vibration is a change in the bond angle between diatomic molecules. The NIR bands are
mainly overtones and combinations of fundamental vibrations in the mid-infrared. The
most often observed bands in the NIR include combination bands, second and third
overtones all attributed to information from the mid-IR. Usually, for a solid sample, the
reflected light is the parameter measured in NIR. The NIR is convenient to subdivide
further this span into natural subregions. The 2000-2500nm range includes the most intense
absorptions and thus is the region most commonly exploited for analytical purposes.
Absorptions in this region correspond to ‘‘combination bands’’, combining X-H (where
X = C, N, O) stretches with other fundamental vibrations, whereas practically all of the
higher energy transitions correspond to vibration first (1400-1800 nm), second (950-1250
nm), and third overtones (Table 1). The diversity of transitions in the NIR region has
interesting practical consequences. For aqueous solutions, the 2000-2500nm region is best
explored by using a transmission cell with an optical path length of 0.5-2.5 mm. The
optimal path length to observe the first overtone transitions is longer — of the order of 5—
10mm — whereas observation of the second overtones requires a path length of several
centimeters. Where sample volume is a consideration, a relatively short path length is a
necessity and the combination region is therefore preferred. Another outgrowth of this trend
is that tissue is relatively transparent at shorter NIR wavelengths.
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Table 1 NIR Absorption of some organic molecules

Structure Bond vibration Wavelength [nm]
Protein 2x N-H stretch + 2x Amide | 1020
Oil 2x C-H stretch + 2x C-H bend + (CH2)n 1037
Benzene 2x C-H stretch + 2x C-C stretch 1080
Aromatic C-H stretch 2nd overtone 1143
Sucrose O-H stretch 1st overtone 1430
Urea Sym N-H stretch 1st overtone 1460
Glucose O-H stretch 1st overtone intramolecular H-Bond 1480
Cellulose O-H stretch 1st overtone intramolecular H-Bond 1490
Urea Sym N-H stretch 1st overtone 1490
Protein N-H stretch 1st overtone 1510
Urea N-H stretch 1st overtone 1520
Starch O-H stretch 1st overtone intramolecular H-Bond 1540
Starch/glucose  O-H stretch 1st overtone intramolecular H-Bond 1580
Aromatic C-H stretch 1st overtone 1685
Cellulose C-H stretch 1st overtone 1780
Cellulose C-H stretch + HOH bend 1780
H20 O-H combination 1790
Cellulose O-H stretch + 2x C-O stretch 2nd overtone 1820
Starch O-H stretch + HOH bend 1930
H20 O-H stretch + O-H bend 2nd overtone 1940
Starch O-H stretch + O-H bend 2nd overtone 1960
Urea N-H stretch + N-H bend 1990
Protein N-H bend 2nd overtone or N-H bend + N-H stretch 2060
Urea N-H bend overtone 2070
Oil O-H stretch + O-H bend 2070
Starch C-H stretch + C-C and C-O-C stretch 2500

FOURIER TRANSFORM INFRARED SPECTROSCOPY

Fourier transform infrared (FT-IR) spectroscopy is today the standard technique for
quantitative measurements of infrared spectra. The Fourier transform infrared spectrometer
is basically a Michelson interferometer with a broadband light source, a detector, and an
accurate control of the mirror displacement. When a spectrum is recorded using a
conventional, dispersive IR spectrometer, each data point reveals the transmitted light at the
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respective frequency. The signal provided by the FTIR technique, however, contains
information about the complete spectrum of the sample. This signal has to be transformed
from the time-domain into the frequency-domain in order to reveal the spectrum. This
transformation is called Fourier transformation. The principle design of an FTIR spectro-
meter is shown in Fig.2. In a FTIR instrument, the monochromator and the slits are
replaced by interferometer, usually of Michelson type.

Movable mirror

S <_|
{ Amplifier
NIR Sample
spectrum f—{ g FT
Background

Detector

Sample

Interferometer

Figure 2 FTIR spectrometer

Mathematically the signal treatment can be described in the following way: If I(x) is the
intensity of the beam measured at the detector at a displacement of the movable mirror by x
cm, and if B(v) represents the intensity of the source as a function of frequency v.

For a polychromatic source, as in a real instrument, the detector signal, the interferogram
is related to spectrum by:

I(x) = ;—RT B(o) cos(2nox)do 3)

—oco

The spectrum is related to the interferogram by following:

B(o) = T I(x) cos(2mox)dx “4)

—oo

Equals 3 and 4 relates an interferogram to an infrared single beam spectrum via the
mathematics of the Fourier transform. Spectrum of wheaten flour is shown in figure 3.
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Figure 3 NIR spectrum of wheaten flour

CONCLUSIONS

This article has provided an overview of the common agree sample analyses that may, in
principle, be carried out by using NIR spectroscopy, as well as pointing out some novel
diagnostic tests that have emerged by combining NIR spectroscopy with multivariate
pattern recognition methods. NIR is not a stand-alone technology. Separate calibrations are
required for each constituent or parameter and a portion of unknown samples must
periodically be analyzed by the reference method to ensure that calibrations remain reliable.
It may be necessary to update calibrations several times during the initial phases of use to
incorporate "outlying" samples, until the calibration is acceptable. Despite the intuitive
disadvantage of broad and overlapping absorption bands, sophisticated chemometric
techniques can extract meaningful information from the complex NIR spectra.

In the food, agricultural, pharmaceutical, polymer, cosmetics, environmental, textile, and
medical fields, NIR analysis serves a wide range of applications, with still many unknown
applications waiting to be discovered. With the maturity of this technique, more and more
people will use NIR analysis for convenience and flexibility.
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The simplest form of ‘‘preprocessing’’ is the selection of appropriate wavelengths in
MLR (Multiple Linear Regression) model development; the analogy in PLS (Partial Least
Square) and PCR (Principal Component Regression) is the selection of a limited spectral
region (or regions). The most common procedures are mean centring, variance scaling, and
derivation. Mean centring simply subtracts the average of the calibration spectra from each
of the individual spectra. Variance scaling involves first evaluating the standard deviation
among spectra for the intensity at each wavelength. All spectra are then divided by the
pseudospectrum of standard deviations, and hence scaled so that the variance is unity at all
wavelengths.
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ABSTRACT

The modern design of the agricultural machinery and systems is a necessary
condition to increase the technologically performances and also to increase the
productivity in the agriculture. Trough the agricultural systems reliability
analyses it can realize future plans of maintenance, which by applying can make
important savings and also to increase the life cycle in functioning of the
agricultural systems.

The present paper propose trough the agricultural systems reliability process
utilization of the Bayes theorems in modeling and simulation. These thing help to
run and study a numerous number of different scenarios (each one with different
parameters) in a minimum time and without of any materials which are necessary
to realize experimental stands. The practical application is made above the plant
chemistry treatment machine.

Key words: agricultural machinery reliability, Bayes algorithms, modeling,
simulation.

INTRODUCTION

In present days we assist to a continue increase of world population number and in this
conditions it is necessary to assure the demanded food resources. As FAO previsions for
2030-2050 years it is necessary to increase the yield productivity in order to obtained the
necessary food resources [1]. As well too in the conditions in which at European level exist
programs and policies that put more and more the accent on the using of biomass as viable
alternative to fossil fuels, we can affirm that it is necessary even from this point of view to
make agricultural studies based on new and modern engineering approaches especially
those that was developed in the last years.

36. Symposium "Actual Tasks on Agricultural Engineering", Opatija, Croatia, 2008.
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To increase the agricultural productivity an important role is occupied by the mechaniza-
tion and technologies of different agricultural production segment and specific industries,
the mechanization and technologies that imply at one side new approaches by the design
point of view and on the another side to establish of maintenance and reliability policies
above the using of agricultural machinery system.

Because the maintenance and reliability theories are govern by probabilistic laws a new
approach in the ideas presented above is the using of the Bayes algorithms in the time
prediction of the agricultural machinery system behavior [4].

This paper presents the application of Bayes algorithms for a specific case, the case of
agricultural machinery system for chemical treatment of soil and plants. The main scope to
choose this segment of agricultural machinery is given by the importance of uniform and
without any interruption of the chemical substances spreading to not affect the quality of
the work. In this way trough a correct application of plants and soil treatment technology it
can obtain the necessary profit that directly imply the raise of productivity.

METHOD

For a basic Bayesian Network (figure 1) a discrete random variable (X) is represented by
a node with a finite number (N) of mutually exclusives states Sx:{s;*, k=1...N}. The vector
P(X) denotes a probability distribution over Sy states as set of equation 1 [2].

0—0

Figure 1 Basic Bayesian Network

P(X)=|P(x =5/),k=1..N|
P(X=5/)20 (1)

N
> PX=85=1
k=1

For the basically Bayesian Network from figure 1 the conditional probability table of (Y)
is then defined by the conditional probabilities P(X | Y) over each state Sy knowing its
parent states Sx.

The possibility to create starting from basically Bayesian Network of the complex
hierarchical models it can possible to use of them potential application for solving very
complex problems (including here and the reliability problems). The hierarchical models
can be represented trough directed graphs that are essentially consist from a set of nodes
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connected with a set of directed edges or arrows which depict informational dependencies
between the nodes [2,3]. The nodes are basically consisting of three types:

e constant nodes that represent fixed quantities;
e stochastic nodes that represent random variables;

o functional (deterministic) nodes that represent function of other variables into the
graph.

Using those properties presented above it can model the agricultural machinery system
for chemical plan and soil treatment to the physical model into a Bayesian hierarchical
model (figure 2), that can be also implemented into the Bayesia Lab Software.

The hierarchical Bayesian structure putted into the Bayesia Lab software [5] is presented
in figure 3.
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Figure 2 The modeling of the chemical plants and soil treatment machinery into a
hierarchical structure (a-the MET-2000 machine, b-the spray valve rams,
c-the hierarchical model, MV-main valve, SV-spray valves).
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Figure 3 The tree structure of Bayesian network that correspond to the MET-2000
agricultural machine (V-spray valve at time t; V*-spray valve at time t+1;
CV-change spray valve operation;U-utility node; RO-spray valve remain open;
RC-spray valve remain close; FD-fluid distribution; O-open; C-close)

RESULTS

Using the specific technically assessments and the main parameters regarding the
maintenance operation for MET-2000 machine [6] was obtained the following results
(figure 4 and figure 5).
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Figure 4 The temporal graph of probability of availability
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Figure 5 The maintenance proposed schedule

The results obtained trough simulation process show that the modeling the spray process
trough the Bayesian algorithms offer necessary data about the system’s availability (in our
particularly case is 89.105%), costs on specific category and total cost and most important
propose a optimized maintenance schedule for the analyzed system. For our case for eg. is
recommended to change spray valve V4 at period 5, 8 and 12.

CONCLUSIONS

e The using of Bayes algorithms (included in Bayesia Lab software structure) offer the
same advantages as any modeling and simulation process trough the fact that by
utilization of a minimum material and human resources it can to optimize, to predict and
to planning the specific operations of the agricultural machinery system maintenance
process (that are used inside of different agricultural technologies).

e Using the modeling and simulation trough using of Bayes algorithms permit to study of
a many scenarios in a short time interval and without the necessity to build experimental
stands (are minimized the design and testing costs).

e Using the optimized propose maintenance schedule is very simple and it is an important
factor to improve the general productivity of agricultural machinery system.

279



F. Mariasiu, B. Varga, D. Baldean

REFERENCES

FAO (2003) World agriculture: towards 2015/2030, Rome, Earth scan Publications.

Simon, Ch., Weber, Ph., Levat, E. (2007) Bayesian Networks and System Reliability,
Journal of Computers, vol.2, no.1, pg.33-43.

Robinson, D.G. (2001) A Hierarchical Bayes Approach to System Reliability Analysis, paper
SAND 2001-3513, Sandia National Laboratories, Albuquerque, USA.

Wilson, S., Taylor, D. (1997) Reliability Assessment from Fatigue Micro-Crack Data, IEEE
Transaction on Reliability, vol.46, no.2, pg.165-172

www.BayesialLab.com

www.Tehnofavorit.ro The MET-2000 agricultural machine technical book.

280



SIMPOZI1J

UDC
AKTUALNI 621.317.782:631.312.021:631.51
ZADACI Prethodno priopéenje
MEHANIZACIJE Prelimi DS

POLJOPRIVREDE e 1m1nary communication

RESEARCHES RAGARDING THE STRESSES
DISTRIBUTION DETERMINATION THAT APPEAR ON
THE LAMELLAR MOULDBOARD SURFACE WITH A
VIEW TO MODELLING AND OPTIMIZATION OF
THIS ONE

SORIN — TIBERIU BUNGESCU', SORIN — STEFAN BIRIS?, VALENTIN VLADUT?,
GIGEL PARASCHIV?

"Banat’s University of Agricultural Sciences and Veterinary Medicine Timisoara —
Department of Agricultural Machines, 119, Calea Aradului Street, Nr. 119, Timisoara —
Romania, Zip code 300645, e-mail: sobungi@yahoo.com
2“POLITEHNICA” University of Bucharest — Romania, 313, Splaiul Independentei Street,
Bucharest — Romania, Zip code 060042, e-mail: sorin_biris@yahoo.com
*Research and Development National Institute for Agricultural and Food Industry Machines
and Implements — INMA Bucharest, 6, lon Ionescu de la Brad Blvd. Bucharest — Romania,
Zip code 013813, e-mail: valentin_vladut@yahoo.com

SUMMARY

In specialty reference material from our country and in the countries with an
advanced agriculture it hasn’t appeared yet a calculation methodology with a
view to projection’s optimization of these moldboards and on this line, the
current paper, tries to bring a contribution in this field, benefiting by the
advantages on which it presents the application of the analysis method with finite
elements respectable programme of computer “COSMOS/M” .

By means of “Finite Elements Method” (FEM) respectively of “COSMOS/M”
programme it could be performed the stress and deformation state’s modeling in
lamellar mouldboard, finally the authors achieving two subprogram’s of cal-
culus. On the basis of this subprogram’s, a complete study of the stress and
deformation state was effected, using the “Finite Elements Method” (FEM).

The theoretical data were compared with the experimental ones obtained in
field conditions using the plough with lamellar mouldboard type Vari - Diamant
of Lemken German company.

Key words: lamellar moldboard, stress, deformation
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INTRODUCTION

The ploughs with moldboards recorded a spectacular evolution in the last time. The new
types of ploughs possess a different adaptation capacity at the new working technologies of
the soil. The adopted technical solutions are capable to offer a high degree of adaptability
to: the soil categories, the state of the ground, the covering degree with vegetal remainders,
the power base's potential and so on.

A conclusive example represent the ploughs with lamellar moldboards, which in the
current stage became prevalent in the farmers' preferences from the countries with
advanced agriculture.

The determination of the stresses and deformations on the surface of the lamellar
moldboard presents a different significance.

The cognition of the stresses and deformations' distribution on the surface of the lamellar
moldboard, in varied conditions from exploitation, can offer an ample experimental and
theoretical material to the researchers. On the basis of this material, the researchers can
perform a judicious projection of the structure and sizes of the lamellar moldboard.

The estimate of the factors’ variation boundaries which influence the strengths at wear it
is also permitted.

As part of the Strength of Materials Department from the "Politehnica" University,
Timisoara were studied the lamellar moldboard, which equipped the Vari-Diamant plough
of Lemken German company and the prototype lamellar moldboard achieved by MAT
Craiova Romanian company. The study pursued the determination of the maximum
requirement zones, where can appear fissures or even breaks during the working process,
using F.E.M. and respectively COSMOS/M programme. For this, there were used: the
INTEL PII DESHUTES 350 MHz computer and respectively the COSMOS/M programme
achieved by a famous company from Santa Monica, California.

THEORETICAL CONSIDERATIONS REGARDING THE UTILIZATION OF THE
FINITE ELEMENT METHOD (F.E.M.) IN THE STRESSES’ DISTRIBUTION’S
DETERMINATION ON THE MOLDBOARDS’ SURFACE WITH LAMELLAS

Benefiting by the advantages of the calculation precision which was demonstrated by the
utilization of F.E.M. in the ensembles' projection with special spatial configuration and
distribution, the authors staff performed researches with a view to definitization of the most
suited digitization system that can be applied at the stresses' distribution's determination in
the moldboards' lamellas of this type.

It also becomes precise the matrix mathematical expressions which permit the active
surface's modeling of the lamellar moldboard.

From the performed thorough studies resulted that for the lamellar moldboard’s surface's
digitization, the most suited model for this working mechanism is the variant with triangu-
lar elements.

Figure 1,a presents the studied Lemken lamellar moldboard and figure 1,b presents the
studied triangular finite element. In figure 2 it presents the manner of digitization with
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triangular finite elements of the Lemken lamellar moldboard (Germany). In figure 3
presents the model with the representation of the curves, surfaces and embedding points of
the Lemken lamellar moldboard (Germany) and MAT Craiova lamellar moldboard
(Romania). In figure 4 presents the model with the representation of the forces which act on
the body of a plough (lamellar moldboard + plough share) of the Lemken lamellar
moldboard (Germany) and MAT Craiova lamellar moldboard (Romania).

y3
YZ
yl
a)
Figure I a) The studied Lemken lamellar moldboard. - b) - The studied triangular finite

element

¢)
Figure 2 The model with digitization of the body of a plough's surface (lamellar moldboard
+ plough share) seen from: a) - space; b) —zox plane; c¢) — zoy plane; d) — xoy plane

b)

a)
Figure 3 The model with the representation of the curves, surfaces and embedding points:
a) — Lemken lamellar moldboard (Germany); b) - MAT Craiova lamellar moldboard
(Romanian) [1]
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b)
Figure 4 The model with the representation of the forces which act on the body of a plough
(lamellar moldboard + plough share): a) — Lemken lamellar moldboard (Germany);

b) — MAT Craiova lamellar moldboard (Romanian) [1]

Equation (1) represents the fundamental equation of F.E.M. written for an "e" element of
the lamellar moldboard’s structure. Equation (2) represents the fundamental equation of
F.E.M. written for the whole structure of this.

(K] {u}, ={0}, (1)
(K Hu} = {0} where (x-S (x] 101-- (0} @)

Relation (3) represents the matrix of the crucial forces for the case when there are taken
in consideration only the stresses distributed on the volume unit.

Relation (4) represents the matrix of the crucial forces for a triangular element which
belongs to the lamellar moldboard’s structure.

From relation (3) and (4) it is noticeable that the crucial forces are distributed in uniform
mode on the three knots, because of the element's weight.

o
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The stresses distributed on the triangular element's surface are taken in consideration
through their results applied in the element's knots.
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THE STRESS AND DEFORMATION STATE’S MODELING ON THE BODY OF
THE PLOUGH WITH MOLDBOARDS WITH STRAIGHT LAMELLAS

By means of "Finite Elements Method" (F.E.M.) respective of "COSMOS" programme
it could be performed the stress and deformation state's modeling in lamellar moldboard.

Following the analysis with finite elements there were calculated all the component parts
of the stress and deformation tensor from the network's knots, as well as, from the centre of
each finite element, for two working regime. With a view to exemplification, in figure 5 it
presents the distribution of the main normal stress 63 for a = 30 [cm] and a = 35 [cm] for
the two types of studied moldboards.

‘””v
A
=] =5

»
Iy
N
[
)

i
.

Figure 5 The distribution of the main normal stress o3 for two working regime:
a) - Lemken lamellar moldboard - a = 30 [cm]; b) - Lemken lamellar
moldboard - a =35 [cm]; ¢) - MAT Craiova lamellar moldboard - a = 30 [ecm];
d) - MAT Craiova lamellar moldboard - a =35 [cm][ 1 ]

As in the specialty reference material there aren't specified yet the conditions after which
there must be ordered the lamellas, profilographic studies of laboratory on a big number of

lamellar moldboards were imposed. Thus it could be outlined a disposing rule of these
lamellas.

On the basis of the coordinates of a big number of experimental obtained points, it could

be generated, using the "COSMOS" programme, the evolution of the surfaces in space of
these types of moldboards.

Considering that both the moldboard and the ploughshare enter in the plate's category,
their surfaces were digitized using isoparametric finite elements, SHELL3 thin plate type,
with three knots on element and five degrees of freedom on knot.
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The digitations network had the variable step, fact that encouraged the increase of the
number of elements in the fastening zones, or in which appeared section modifications.

As well as real constants, associated to the group of SHELL 3 elements, we introduce
thickness as being of 10 mm at the Lemken moldboard and of 7 mm at the MAT Craiova
moldboard, and as material properties, the modulus of longitudinal elasticity and modulus
of elasticity in shear.

For the calculation of the stresses it considered the situation when, on the ox advan-
cement direction (the case when the plough meet in the soil an obstacle) acts a concentrated
force in the top ploughshare, and on the body of the ploughshare, the breast of the
moldboard and the lamellas it acts a pressure constant distributed, but different as value
from a lamella to another respectively from the body of the ploughshare to the breast of the
moldboard.

Table 1 The comparative values of the stresses theoretical determined by means of the
"COSMOS"programme, in the embedding zones of the LEMKEN lamellar moldboard

(Germany)[1][3]
Fastening/emb Maximum stress theoretical Maximum stress theoretical
edding zone's  Abstat calculated in the fastening calculated in the fastening
number of the unit zones, fora=30 [ cm | zones, for a=35[cm ]
R.E.T. (Lemken lamellar moldboard).  (Lemken lamellar moldboard).

1 MPa 15,038 25,163

2 MPa 10,216 17,005

3 MPa 15,038 25,163

4 MPa 10,216 17,005

5 MPa 29,502 33,32

6 MPa 10,216 17,005

7 MPa 15,038 25,163

8 MPa 15,038 25,163

9 MPa 39,145 98,581

10 MPa 53,609 123,05

11 MPa 63,252 90,423

12 MPa 29,502 41,478

13 MPa 53,609 57,793

14 MPa 43,966 49,636

15 MPa 39,145 57,793

16 MPa 39,145 57,793

17 MPa 29,502 57,793
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In tables 1 and 2 are presented the comparative values of the stresses theoretical
determined by means of the "COSMOS" programme, in the fastening (embedding) zones of
the Lemken lamellar moldboard (Germany) respectively of the MAT Craiova lamellar
moldboard (Romania), in two working regime. In tables 3 and 4 are presented the compara-
tive values of the stresses theoretical determined by means of the "COSMOS" programme,
in the fastening (embedding) zones of the Lemken lamellar moldboards respectively in the
embedding zones of the MAT Craiova lamellar moldboards, for a =30 [cm].

Table 2 The comparative values of the stresses theoretical determined by means of the
"COSMOS" programme, in the embedding zones of the MAT Craiova lamellar moldboard

(Romania)[1][3]
Fastening/emb Maximum stress theoretical ~Maximum stress theoretical
edding zone's calculated in the fastening calculated in the fastening
number of the  Abstat unit zones, fora=30[ cm ] zones, fora=35[cm ]
R.E.T. (MAT Craiova lamellar (MAT Craiova lamellar
moldboard) moldboard)
1 MPa 28,857 82,739
2 MPa 9,9342 12,674
3 MPa 47,781 36,029
4 MPa 9,9342 12,674
5 MPa 9,9342 12,674
6 MPa 9,9342 36,029
7 MPa 19,396 47,707
8 MPa 9,9342 12,674
9 MPa 142,4 176,16
10 MPa 28,857 36,029
11 MPa 47,781 59,384
12 MPa 9,9342 12,674
13 MPa 9,9342 12,674
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Table 3 The comparative values of the stresses theoretical determined by means of the
"COSMOS" programme, in the embedding zones of the LEMKEN lamellar moldboard
(Germany) respectively in the embedding zones of the MAT Craiova lamellar
moldboard (Romania) , for a =30 [cm][1]

Fastening/embeddin Maximum stress theoretical ~ Maximum stress theoretical
g zone's number of Abstat calculated in the fastening calculated in the fastening
the R.E.T. unit zones, for a=30 [cm] zones, for.a =30 [cm]
(Lemken lamellar (MAT Craiova lamellar

Lemken — MAT moldboard). moldboard)

2 1 MPa 15,038 28,857

4 2 MPa 10,216 9,9342

5 3 MPa 29,502 47,781

7 4 MPa 15,038 9,9342

8 5 MPa 15,038 9,9342

9 6 MPa 39,145 9,9342

10 7 MPa 53,609 19,396

11 8 MPa 63,252 9,9342

12 9 MPa 29,502 1424

13 10 MPa 53,609 28,857

14 11 MPa 43,966 47,781

15 12 MPa 39,145 9,9342

17 13 MPa 29,502 9,9342

EXPERIMENTAL STUDIES PERFORMED IN FIELD REGARDING THE
STRESSES’ DISTRIBUTION’S SPECTRUM ON THE
MOLDBOARD’S SURFACE OF LAMELLAR TYPE

With a view to setting at the designers' disposal of concrete data regarding the lamellar
moldboards' behavior in the soils from our country, the author took in study the lamellar
moldboards which equipped the VARI - DIAMANT plough of German company LEM-
KEN. This paper presents the experimental researches' synthesis regarding the stresses'
evolution in the lamellas in the execution of some deep ploughings on the heavy soils from
Banat region.

In this purpose it appealed to the electrotensiometer method using resistive electrotensio-
meter translators (R.E.T.) of high fineness and precision. The location of these translators
on the working surface's mechanisms of the body of the plough was made with respecting
of all the phases which guarantee the precision and success of a measurement with such
translators.
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The establishing of the location areas of the translators was finalized on the basis of the
computerized study of the lamellar moldboards behavior, using the COSMOS programme.

The experiments were performed as part of the Agroindustrial Combine from Curtici, on
a field of corn substantial covered with vegetal remainders (corn husks and sterns) with the
soil's humidity comprised between 28,87 [%] and 35,55 [%]; the respective soil was
chernozem, carbonatic type.

The experiments were performed at a working breadth of 40 [cm] and depth of 30 and 35
[em] of the body of the plough.

The primary material obtained praised the fact that the requirement cycle is of "rotating
unstationary" type, fact that led to the conclusion that the moldboard’s lamellas are liable to
the phenomenon of tiredness.

The utilization of "COSMOS" programme enabled the establishing of some static’s
stresses in laboratory conditions, which were related to those dynamic obtained in
experimental conditions in field, from where it resulted an adimensional parameter, which
we called "dynamicity coefficient":

_0u
o

N

where: C, - dynamicity coefficient; o, - dynamic stress; o; - static’s stress.
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S "':"":f";‘:"'{fi‘?
5 "'.I?"'n &
i = l’l{,‘

4] ‘\.
L

O s
i

V=5 [km/h]

a=35[cm]

5 B £ TR S o 5

rmax
b= 40 [em] ks ai b= 40 [em]

Figure 7 The stresses' distribution on the body of the plough's surface with lamellar
moldboard'": a) - at a=30 [cm]; b) - at a =35 [cm]
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The results obtained in laboratory conditions praised that the calculating stress ¢, was
comprised between 0,57 . . . 90,42 [MPa], and that experimental determined G4 was
comprised between 1,96 . . . 90,55 [MPa] that is the dynamicity coefficient C, is comprised
between 0,76 . . . 1.15 [MPa], which is in the same order of the magnitude. The compa-
rative values of the stresses experimental respectively theoretical determined, for Lemken
lamellar moldboard, are presented in table 4.

With a view to exemplification in figure 1 it presents the stresses' distribution on the
body of the plough's surface with lamellar moldboard LEMKEN, BS42 type.

Table 4 The comparative values of the stresses theoretical and experimental determined, in
the case of the Lemken moldboard with straight lamellas[1][3]

Maximum stress ~ Maximum stress

RI\JIErT d?a)\;(t)lzl([l:ri 1 Al?sitft experimental theoretical Dynamicity coefficient
determined calculated
RETI1 30 MPa 28,42 24,681 1,15
RETI 35 MPa 29,4 33,32 0,88
RET2 30 MPa 28,81 24,681 1,16
RET2 35 MPa 25,48 25,163 1,01
RET3 30 MPa 1,96 0,57356 3,41
RET3 35 MPa 1,96 0,69024 2,83
RET4 30 MPa 30,87 29,502 1,04
RET4 35 MPa 28,81 25,163 1,14
RETS 30 MPa 57,62 53,609 1,07
RETS 35 MPa 61,74 57,793 1,06
RET6 30 MPa 1,96 0,57356 3,41
RET6 35 MPa 1,96 0,69024 2,83
RET7 30 MPa 49,39 48,788 1,01
RET7 35 MPa 39,2 41,478 0,94
RETS 30 MPa 72,03 68,073 1,05
RETS8 35 MPa 86,24 82,266 1,04
RET9 30 MPa 41,16 39,145 1,05
RET9 35 MPa 11,76 8,8478 1,32
RETI10 30 MPa 26,75 24,681 1,08
RETI10 35 MPa 61,74 57,793 1,06
RET11 30 MPa 51,45 48,788 1,05
RET11 35 MPa 90,55 90,423 1,001
RETI2 30 MPa 11,76 10,216 1,15
RET12 35 MPa 32,92 25,163 1,30
RETI13 30 MPa 11,27 10,216 1,10
RETI13 35 MPa 9,8 8,8478 1,10
RET14 30 MPa 8,03 10,216 0,78
RET14 35 MPa 9,8 8,8478 1,10
RET15 30 MPa 4,11 5,395 0,76
RETI15 35 MPa 7,84 8,8478 0,88
RET16 30 MPa 2,94 0,57356 5,12
RET16 35 MPa 4,11 5,395 0,76
RET17 30 MPa 22,54 15,038 1,49
RET17 35 MPa 37,04 33,32 1,11
RETI18 30 MPa 45,27 39,145 1,15
RETI8 35 MPa 49,49 49,636 0,99
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CONCLUSIONS

. It can be assert that F.E.M., at the level of advanced projection of the agricultural
machines, it isn't anymore only a useful instrument, but it is one absolutely necessary.

. In the context in which the analysis with finite elements praises that in process of
dislocation and slide of the furrow on the working mechanisms' surface of the body of
the plough, the stresses field varies after a permanent decreasing rule, the optimization
of the mechanisms' engineering which constitute this surface would be satisfied if it is
taken in consideration that the respective lamella to function like a bar of equal strength.

. As from constructive point of view, but particularly technological, this thing it isn't
established, results that the moldboard’s lamellas must be at least of the thickness of the
moldboard’s chest on which it stands out, in the joining zone with the plough share, a
stress field more bigger than that from the embedding zone of the lamellas.

. This paper ranges among the first researches in this field and opens the pathway
towards new researches bound of implementation in the modern ploughs' engineering of
the lamellar moldboards.

. By the means of F.E.M. respective of "COSMOS" programme it can be elaborated in an
efficient mode the stress and deformation state's modeling from lamellar moldboard,
obtaining in this way useful data for the engineering's optimization of this new type of
working mechanism of the soil.

. Following the comparing of the distribution fields of the stresses developed in the
lamellar moldboards with those from specialty reference material for full moldboards, it
can affirm that the lamellar moldboards which equipped the modern ploughs are liable
to much bigger stresses than the classic moldboards which unfold the process in similar
working conditions.

. The stresses fields experimental determined in field and respective theoretical by means
of "COSMOS" programme, they complete each other, in the sense that as part of the
resulted spectrums through the utilization of "COSMOS" programme, in the embedding
zones of the lamellas appear much bigger stresses than in the other zones in which they
were experimental determined as a result of the stresses concentrators' appearance
typical of any joinings and which couldn't be experimental praised.

. For the section's projection's optimization of each lamella is necessary and sufficiently
to be taken in consideration the stresses established by means of the "COSMOS"
programme in the embedding zones, because their values are the biggest in the
distribution of the stresses field along the lamellas.

. In the context of potential's capitalization offered by the COSMOS/M programme in
this field, the modeling of the stresses and deformations field became a certainty.

10. The theoretical cognition of the stresses and deformations' distribution is of an

unchallenged utility in the evolution's estimate of this process, experimental praised in
the ground.
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ABSTRACT

1t is known that the deterministic modelling used for simulating of separation
process of seeds at cleaning system sieves of cereal combine harvesters leads to
laborious computations, because there are many degrees of freedom and the
separation process is very complex.

In this paper, the separation process is modelled by means of stochastic
processes, motivated by randomness of the studied phenomena. Therefore,
different types of statistic laws of separation intensity distribution on sieve length
it is proposed and estimating methods for parameters of the models it is
explained.

Each model allows predicting seed losses at the separation on cleaning system
sieves and is useful to both the designers and users of combine harvesters.

The main contribution of the paper is to propose a new type of beta distribu-
tion with the following density probability function: f(x)=c (x - u)”_l (v— x)b_1
foru <x <v;a>0,b>0,c> 0, for the describing variation separation intensity
of seeds on sieve length.

The experimental data proved that the new distribution is more adaptive for
used in describing of evaluation of grain cleaning and more other processes
because this distribution, in function of the parameters, can be symmetric, or left
or right asymmetric.

Key words: harvesting combine, cleaning system, seed separation, normal
distribution, gamma and beta distributions
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INTRODUCTION

Our experimental research — which agrees with international evidence — shows that the
flow of pile material reaching the cleaning system of the combine harvesters is sometimes
larger than 4,9 kg/s and consists of about 65-80% of seeds, [11]. In the cleaning system of
the combine harvesters, a complex process of separation of seeds from pile material takes
place; material resulted from the threshing apparatus and shakers by eliminating the
stramineous parts. This process has direct implications on the performances and the work
quality of the whole machine. Measures of efficiency for the process of cleaning system
sieves of combine harvesters are the loss of seeds (the loss should be at this point under
1,5%), and sometimes the purity degree of the obtained seeds [11,13,19].

The conception of a combine harvester with larger capacity of work and more frequent
utilization of the threshing apparatus with axial flow determined the considerable increase
in work-load of the cleaning system because of the increased quantity of pile material
reaching it.

Some researchers hence believe that in some cases about 67-87% of the total losses of
the combine harvester are due to the cleaning system, especially when the incoming flow is
large, [11]. For these reasons, the cleaning system has to assure the efficient separation of
seeds from the pile mass by the combined effect of the air flow from the ventilator and the
sieve separation.

The separation of seeds from pile material is based on the stratification phenomenon due
to the different densities of the pile components. The relative movements of the particles in
the inner layer are favoured by the oscillation movement of the sieve, which, in turn,
facilitates the gravimetric shifting of the seeds through the material layer. In order to assure

the layering process, the presence of bumps on the sieve separation surface is required,
[11,13,20].

100

Separated material [%]

O “ T T T
0 0,3 0,6 0,9 1,2
Sieve length [m

Fig. 1 Experimentally separation curve
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The separation process of the seeds from the pile material is influenced by numerous
random factors which make its deterministic modeling by means of mathematical processes
difficult to realize. The separation process of seeds while passing through the sieve was
studied in a numerous number of theoretical and experimental research articles. This lead to
many types of proposed mathematical models which allow for anticipating the losses under
particular working situations An exponential function type model was developed based on
the analogy between the process of seeds separation and the phenomenon of molecular
diffusion expressed by the law of Fick [4].

The mathematical model proposed by Bottinger, developed from the model created by
Kutzbach, provides information about the quantity of seeds remained on the sieve, [10].
The equation was validated by experimental data obtained in 2002 at the Hohenheim
University, by finding a correlation coefficient R* > 0,98.

Separated seeds, %

20

—_—
0,0 0,2 0,4 0,6 0,8 1,0 1,2
Sieve length, m

Fig. 2 Logistic curve comparatively with
experimental data

The authors also showed a continued interest in this domain, fact underlined by the
papers [11,13,14,15,17,18]. In one of these papers the authors suggest for the separation
process of seeds a relationship with a broader applicability with regard to the diversity of
work conditions.

The profile of separation curves (obtained under several typical situations) is depicted in
Figure 1 for two types of curves: 1. the distribution curve, 2. the total separation curve.

By analyzing these curves, it turns out that the distribution curve is, for many sets of
experimental data, similar to the Gaussian normal distribution curve (except for a small
degree of asymmetry); the total separation curve usually has a sigmoid form.

In a different paper, the authors suggested a Rosin-Rammler type relation and the 2-
parameter logistic function (see fig.2) as mathematical models for describing the seed
separation process on sieve, [14].
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The natural variability, the large number of factors influencing the separation process
and their inherent randomness are comprised in the mean value of the two logistic
constants.

By confronting the suggested function with the experimental data, a very good fit was
obtained, illustrated by a coefficient of correlation R* = 0.997 and depicted in Figure 2.

A shortcoming of using these relationships is the need to choose values for the respective
coefficients, which depend on the concrete work conditions, on the geometry of the
cleaning system and on the functional parameters of the latter, [14].

Reflecting the need to increase the precision of describing the separation process, while
incorporating the main design and functional parameters of the cleaning system, the authors
suggested multiple linear regression functions for the logistic coefficients. A coefficient of
correlation R = 0.911 was obtained when comparing these models with experimental data,
[17].

Along the same line, applying dimensional analysis to the process of separation, the
authors suggested a different mathematical model accounting for seven of the main design,
functional and characterizing parameters of the material in the cleaning system, [18].

The classical probability theory studies independent random variables. Modern
probability theory has dealt with process for which the knowledge of previous outcomes
influences predictions for future experiments. A.A. Markov introduced a special class of
dependent random variables. The markovian property says that the past history is forgotten
and only the present state matters in determining the future behaviour.

The movement and separating of grain particles inside a grain cleaner is stochastic rather
than deterministic, [12]. Particle movement is examined as a stochastic process; a distance
— transition Markov model for particle movement is proposed, [1, 2].

The main objective of the study is to compare different types of lows, which describe the
evaluation of grain cleaning and separating equipment. For comparison the normal, gamma
and the beta distributions it is. The authors proposed consequently a new beta distribution
on a finite interval [u; v].

DEVELOPMENT OF STOCHASTIC MODELS FOR GRAIN SEPARATION
PROCESSES AND ESTIMATION OF PARAMETERS

For a prediction of the separation efficacy on the sieve length it is defined the separation
intensity as separable seeds percents quantity on the unit length in a cross section of the
sieve [16].

The analysis on experimental data of the separation intensity on the sieve length proved
that the empirical curve is an approximate normal distribution but has an asymmetry (fig.1;
1).

Experimental data give good information regarding the distribution of the sample and we
extrapolate this information to the distribution of the population. Usually instead of

determining a distribution function from experimental data one finds a standard distribution
which best fits or represents his observed data, [3, 7, 8, 10].
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The Gaussian model
A probability function with many practical applications is the normal distribution. The
density function, [5]:

2
1 (x—m)
J(x)= expi-
o2z 202
is known as the normal density with parameters m and ¢* and, symbolically, it is written
X~N(m,;c°).
The estimates of the parameters of the normal distribution can be obtain by many
methods; in the paper is described the minimum chi-square (y*) method.

If

}, XER

x] +1 1 xj+1 (x _ m) -
pj= ] Jdx=—p— | expi-————jdx, jel,
! x'[ oV2r7 x'[ 20

it is obvious that:

2
pj=p;m(c"))
If the size of the sample is # and the number of the classes is J, we try to minimize the
expression:

2
2 _L(nj—mpy)
r=x——
=t P
where #; is absolute frequency of the class j. If £ is the relative frequency of the class j it
results:

n;=nf;.
With these notations % becomes:
_ é 4 ,)
A p;
Using the necessary conditions of extreme values of a function it results the system:
Ay’ L (fi-pp ap; Llfi-piPap;
=20 Y J P J . 3 J 2] =0
om Py om A 2p; dm
oy’ o é(fj_pj) dp; +é(fj_pj)z ap; -0
8(02) j=1 Py do? =1 2pj2 do?

QP o OLPi

n
Because - =1, it obtains =0,
jzzlp] om 80'2
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We can write an approximation of the system:

L(fj-pj)op;
3 P

J=1

é(fj_pj)ﬂ_

=0
pj om

j=1 Py do?

It derives the functions p;, je 1,J , with respect to m and 6°:

(x—m)2 41
Op. j+l B - X
P = ! I al me 20° dsz (x—m)f(x)dx
om  oy2rx 5 o? o? %
=——F|-p,+— x—m)" f(x)dx
8(0‘2) 207 6P XJ; ( )

It follows:

J £ Y+l
Lz ZQ jj.xf(x)dx—m =0

o\ j=1P) X

J . Yt
_l+% Zﬁ I (x=mf f(x)=0
The solution of this system is:
Xj+1
Jx f(x)
A 4 Xj
=37
j=
[ (x)dx
Xj
Xj+1 5
[ Ge=m) 1)
A x;
=2
= [/(x)dx
*j
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A approximate solution, 7*,6 *? , of the system is:
Jo
Pk —
J=1

P
(62)*=Zlfj(xj—ﬁ1)2
P

— X;+XxXiq
where x; =L/
2

In our cases all the intervals are equal, A and consequently it is possible to used
Shepard’s correction for the variance:

)

AW TR

The gamma model

The gamma distributions are very 