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MODELLING DEFORMATION STATE OF TRACTOR
ENGINE BY HYBRID METHOD

URCENIE DEFORMACII MOTORA TRAKTORA HYBRIDNOU
METODOU

D. Brozman
University of Agriculture, Nitra, Slovak Republic

ABSTRACT: A hybrid method is proposed to predict engine deformation induced by assembling crankcase and cylinder
head. The core of method consists in identification process based on the multi-dimensional correlation analysis. By means of
this method the results of holographic interferometry and preliminary finite element analysis are compared. This comparison
removes uncertainties of both the holographic interferometry and the finite element method that enable a complex strain
analysis with high accuracy which is impossible to achieve by separate methods. Developed method is applied to the tractor
engine UR-IV. A rate of comparison of the measurement by holographic interferometry with computer finite element model
(software LUSAS 11.1 was used) is evaluated on the significance level of 0.01. The hybrid method enabled in this way the
correct determination of boundary conditions and consequently the correct modelling deformation state of all engine parts by
finite element analysis.

engine; tractor; finite element model; holographic interferometry

ABSTRAKT: V ¢lanku je navrhnutd hybridnd metéda pre uréenie deformacii technickych systémov v ddsledku mecha-
nického, alebo tepelného zafaZenia. Jadrom metédy je identifikalny proces zaloZeny na viac-rozmernej korelainej analyze.
Takymto identifikatnym postupom st porovnavané vysledky merani ziskanych laserovymi meracimi metédami a poditalovym
modelovanim pomocou metddy kone&nych prvkov (MKP). Navrhnuty identifikaény postup zniZuje chyby a odstrafiuje prin-
cipidlne nevyhody oboch metéd, o umoZiiuje komplexni deforma&ni analyzu s vysokou presnostou, ktorti nie je moZné
dosiahnuf samostatnymi metédami. Navrhnutd metoda je aplikovand na urenie deformicii motora traktora Zetor UR-IV
v désledku montaZneho zataZenia. Stupefi porovnania vysledkov z holografickej interferometrie a z metédy kone&nych prv-
kov (bol pouZity software LUSAS v.11) je hodnoteny na hladine vyznamnosti 0.01. Hybridnd met6da tymto spdsobom umoZni
vysoko presné urfenie okrajovych podmienok a nésledne poskytuje vysledky s presnostou nedosiahnutelnou klasickymi
metédami. Navrhnutd met6da je v silade s odpori&aniami medzindrodnej normy ISO 9001, ktora zahfiia povinnost pouZivat
MKP systémy pri vyrobe a skiSkach strojov a technickych systémov.

motor; traktor; metéda konenych prvkov; holografické interferometria

INTRODUCTION 1989; Bajla et al, 1991; Brozman, Kubik,

1992). As followed from these works the results gave

The development in engineering evokes the need for
a complex stress or strain analysis of technical systems
which are stressed by assembling or operating loads.
A partial solution can be obtained by various measure-
ment methods or by computer aided modelling. How-
ever, these different methods have some disadvantages.
The measurement methods give results only from the
specific parts of investigated object and the modelling
methods are very sensitive to the accuracy of estima-
tion of boundary conditions.

These problems occurred during the investigation of
the tractor engine UR-IV deformations which were
caused by engine assembling. The partial results were
obtained by holographic interferometry measurements
that were reported in several papers (Brozman,
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information about the part of engine surface and about
three of six cylinder liners. This is given by visibility
of these parts from observation and illumination points.
The needs for development require to determine defor-
mation state of all engine parts. For this purpose the
hybrid method was developed in the framework of the
project LINDA (Laser Interferometry and Numerical
Deformation Analysis).

METHOD
Each experimental analysis can be considered for

hybrid method because a mathematical algorithm for
evaluation is usually used. In next the hybrid method

81



will be called a combination of holographic inter-
ferometry and finite element method (FEM). The finite
element analysis belongs to those mathematical meth-
ods which assume certain presumed boundary condi-
tions. The estimation of correct boundary conditions is
very difficult in the real conditions and an incorrect
estimation can cause the deterioration of numerical re-
sults. Convenient combination of the FEM and holo-
graphic interferometry can give the significant reduc-
tion of the mentioned uncertainties because the results
of both methods can be represented by lines of constant
displacements and thus they can be compared. The in-
put values (boundary conditions) of numerical solution
performed by the FEM are chosen so that the results
satisfied the experimental values obtained by holo-
graphic interferometry on the measurable parts of an
investigated object. These boundary conditions provide
acceptable results on the non-measurable parts of ob-
ject.

If we consider displacement values on the loaded
object for random data, the resolution of FEM results
satisfied the results from holographic interferograms
can be processed by statistical methods. The considered
random data create 3-D surfaces representing deforma-
tion of the part of object surface. For the comparison
of both experimental and modelled 3-D surfaces
a multi-dimensional identification parameter was de-
rived in the following way.

The distribution of light intensity in the holographic
interferogram is given by 2-D function z(x, y), where
x,y are coordinates in the evaluated object surface. In-
tensity values in two different points of the compared
contour fields were denoted as z;(x, y) and z,(x’, y’).
The correlation function expressing the correspondence
rate of two compared random functions is defined as
a mean value of the product of these functions. One of
these functions has shifted the interval origin of inde-
pendent variable by t (Bendat, 1971). So, we can
write according to the coordinate y

%
o
Ry 3 x.p=lim ;le(x.y)zz(.\’.y+l)dy (¢)]
n—Y %

where: x, y - dimensions of investigated area
t=y'-y
Analogically for the cross-correlation function ac-
cording to the coordinate x can be written as
i "%
Ry 2k, y,y)=lim ',',,'.le(x-)’) Zx+k y)dx 2)
m—=X s

where: k=x" - x
From the equations (1) and (2) for the two dimen-
sional cross-correlation function follows that
i %"
Ry 2k pn=lim ;J’ Izl(x.y) Zp(x+k, y +1) dxdy 3)
n=Y -

m—X
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If the values z;(x, y) and z,(x, y) are identical or
similar (correlated), the cross-correlation function Ry 5
takes its maximum for a certain point (, ). More conven-
ient is a normalized cross-correlation function expressed as

R
Ry = L200 @
Ry 20.0

where: Ry - takes maximum of | in the case of total correlation

On the basis of correlation coefficient definition
(Dowdy, 1983) the 2-D correlation coefficient ac-
cording to the analogy for two-dimensional case can be
written as

. Z (Zl(m. n "~ zI(m. :_x)) (ZZ(m. n)~ Zzgm, n!)
R™ = 7 = 7
\ll_z @1m, my = Z1(m, )" @2 (m, ) ~ Z2(m, n)) J

The coefficient defined by last equation takes values
from interval of <-1,1>. The coefficient value that re-
fers to the statistically significant correspondence of
the compared function is dependent on the range of m,
n values and is given for several significance levels.
For the hybrid method the significance level of 0.01 is
chosen. For this criterion the identification parameter
is proposed by simple formula

(&)

Ip=Kg

Several simple models were used for the verification
of the proposed hybrid method. For computer model-
ling the LUSAS FEA software ver.11 and computer PC
486/100MHz, 16MB RAM, 1.2GB HDD were used.
Holographic interferograms were taken by double-ex-
posure method (Vest, 1979) using He-Ne laser of
100mW output.

Before full analysis of the tractor engine UR-IV the
partial area of crankcase bearing surface was modelled
for the testing crankcase loads resulting from some bolt
torsional moments. In experiment the tie-bolt for cylin-
der head attachment was screwed at torsional moment
of 20 Nm in one tapped hole. The holographic inter-
ferogram of this instance is shown in Fig. la. Isolines
of constant displacements have approximately step of
0.5 micron. The finite element model of this area was
created by triangular thick shell elements TTS6 (FEA
Ltd., 1993) which may be used to model 3-dimensional
structures whose behaviour is dependent upon both
flexural and membrane effects. The result isolines of
finite element analysis performing constant displace-
ments are presented in Fig. 1b. In this model the value
of the load simulating screwed bold was initially input
in accordance with analytical calculation of the resolu-
tion of bolt forces. After preliminary analysis the re-
sults were compared with the results from holographic
interferogram and the load was gradually changed un-
till the model satisfied the experiment.

After these physical and computer experiments the
finite element model of whole engine crankcase was
created. This model (Fig. 2) consists of 14,134 triangu-
lar and quadrilateral thick shell elements. On the base
of holographic interferogram and the results from pre-
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vious experiments (Brozman, Kubik, 1992, 1994)
the boundary conditions (loads and supports) were in-
put and slidelines for the contact problem of cylinder
liner seating were defined (FEA Ltd., 1993).

RESULTS AND DISCUSSION

The whole model of the engine crankcase was
solved as a nonlinear contact problem. The solution
took 219 hours (9 days) on the above mentioned com-
puter and the result files are of size of 715SMB. The
solution of the complete crankcase structure was ob-
tained with identification parameter value of 0.39 on
significance level 0.01. The error of finite element
analysis was determined as 3%. This value was ob-

2. The finite element
model of the tractor en-
gine UR-IV crankcase
consists of 14,134 ecle-
ments and 30,457 nodes.
The fine meshing of
bearing surface provides
the high accuracy of so-
lution in this area
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CONTOURS OF RSLT [em)
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0.1702E-02
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0.7333E-02
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1b. The same part modelled by the
finite element method. Both figures
show the isolines of displacements

la. The holographic interferogram showing the part of bearing
surface loaded by tie-bolt

tained by means of verification examples (FEA Ltd.,
1993) and by determination of conditionality number.
This number has in this case the value of 1.17 and it
expresses the error transfer of input values into results.
Mean square error of model was 23% in which the
holographic interferometry errors, the FEA errors and
the identification parameter are included. The relatively
high value results from the low identification parame-
ter. An improvement of parameter was not possible by
any variations of boundary conditions. This condition
was caused by unpredictable behaviour of the cylinder
liners during deformation of crankcase. The probable
reason was a wide range of cylinder liner tolerance on
fit. All modelled cylinder liners have the mean toler-
ance value what is not possible to expect for manufac-
tured liners. That is why the model has 23% error or it
could be expressed as the crankcase was manufactured
with various values of tolerance and the model per-
forms product with the exact mean value of allowed
tolerances.

Displacement contours caused by the assembling
head of cylinders are presented in Figs 3, 4. The maxi-
mal values exceed critical limit for correct function by
15%. Deformed shape of the border cylinder liner
which shows maximal deformation is shown in Fig. 5.

CONCLUSION

The presented hybrid method enables to obtain the
information about mechanical behaviour of machines
or their parts after mechanical or thermal loading. This
method performs computer-aided experiment as one of
CAD/CAM methods. The CAM methods, namely the
finite element methods, are included in the prepared
amendment of international standard ISO 9000 and EN
45001. Reliable utilization of the FEM requires hybrid
procedures inclunding the experiment. The proposed
hybrid method offers one of the possible solutions of
CAM application.
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5. The deformation of cylinder liner due to cylinder head assembling

- - - - underformed shape
—— deformed shape
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COMPUTATION METHOD OF LOAD-SIZE FOR THE
LOGGING TRACTOR TREE-LENGTH LOG SKIDDING

METODA VYPOCTU VELKOSTI NAKLADU PRE LESNY KOLESOVY
TAHAC

M. Mikles
Technical University, Faculty of Forestry, Zvolen, Slovak Republic

ABSTRACT: The logging tractor hauls in logs from tree stands by means of a winch using a gathering cable method. For
this it has a well-dimensioned twin-drum winch and is fitted with both cable and chain sligs. With the aid of the winch the
tractor prepares a number of logs forming a bundle, raises the latter to a semi-trailed (semi-suspended) position and transports
it to the site envisaged for its dumping. The logs may be tied into bundles at their thin or thick ends. It is recommended to
tie up low-weight logs at the thin ends, or when they are handled on a flat ground. Heavy-weight logs should always be
transported by their thicker ends. By this arrangement the tractive force of the tractor will be increased by application of load
to the rear axle, there is a lower resistance offered to hauling of the logs and the overall transporting performance of the
machine is higher one. The author elaborated a method of assessing the different parameters from the aspect of dynamic
properties of the machines moving on an uneven terrain. The calculation confirmed the dependence between the construction
design of the tractors and their traction properties. The author also found out that the traction properties of the tractors were
markedly affected by the static distribution of weight and angle of the traction force. The maximum tractive load of logging
tractors can be calculated from the theoretical formulas which are induced by balancing the maximum tractive force with the
tractive resistance of skidding logs. Although the maximum tractive force is generally limited by factors, namely, the
maximum torque of the engine mounted on a tractor, adhesion of running device and stability against rollover, here two
factors except for engine torque are considered as limiting factors against the maximum tractives force, because a powerful
engine is generally mounted on tractors. Some difficulties connected with proper choise of technology and skidder for tree —
length logs, in dependence on the terrain conditions, size of single loads and skidding distance were the main cause of
undertaking by the paper attempts to elaborate mathematical model. The result of performed investigations shown, that there
is possibility to elaborate the model, by means of which it could be possible to determine the optimum alternative of tree —
length log skidding.

forest machine; tractors; traction propertics; mechanics of motion

ABSTRAKT: Lesny taha¢ pribliZzuje kmene z porastu navijakom metodou zberného lana. K tomu ma dobre dimenzovany
dvojbubnovy navijak a je vybaveny lanovymi a refazovymi dvizkami. Tahad si pomocou navijaka pripravi urity po&et
kmeiiov do ivizku, podvihne ho do polozivesu a dopravi na urfené miesto. Kmene moZno viazat do uviizkov bud za tensi
alebo hrubsi koniec. Za tensi koniec odporidame viazat kmene malej hmotnosti, alebo ak pracujeme v rovinatom teréne.
Kmene vigSej hmotnosti dopravujeme zdsadne za hrub3i koniec. Zvy3i sa tym (aZn4 sila fahaca pritaZenim zadnej ndpravy,
je men3i odpor vlefenia kmeifiov a celkova prepravnd vykonnost stroja je viatSia. Z toho vyplyva, Ze technicko-ekonomické
vlastnosti a vykonnost lesnych fahacov zivisi od tahovych, kinematickych veli¢in a hospodarnosti prevadzky. V prici je
uvedend metéda vypoétu velkosti ndkladu na zdklade stanovenia taZnej sily lesného kolesového fahada. Boli odstranené
zjednodusenia, ktoré sii tolerované pri tradi¢nych vypoltovych metddach. PouZitie vypoctovej techniky umoZiiuje pouZit
presnejiie formulacie. Ziskané vysledné formuldcie umoZiluji stanovit velkost ndkladu limitovani vykonom motora traktora,
velkost nékladu limitovani zédberovymi vlastnostami kolies traktora, velkost nakladu limitovani pozdlZnou stabilitou traktora
a dynamickou rovnovéhou kolies.

lesné stroje; traktory; tahové vlastnosti; mechanika pohybu traktora

INTRODUCTION The parameters of tractors must above all corre-
spond to ecological demands. Out of such ecological

Technical and economic characteristics and efficiency ~ requirements related to tractor parameters. These eco-
of forest wheeled skidders are dependent on traction and  logical requirements regarding the proportionate distri-
velocity parameters as well as on the operating economy.  bution of weight of tractor or tractor and hauling logs
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and on the motor output need to be considered during
the process of projection and construction, in order to
prevent any misinterpretation of these parameters.

The calculation of the load-size by determining of
tractive force treated in the forest wheeled skidder is
presented in this paper. Simplifications were omitted
though accepted in traditional calculations. Utilization
of computers enables using accurate formulations.

The obtained formulation cover up determination of
the load-size limited by engine power of the skidder as
well as by the tractive adhesion and longitudinal stabil-
ity of the skidder.

CALCULATION OF TOWING POWER
OF WHEELED TRACTOR

It is known from the condition of balance of a trac-
tor that runs with a low speed with a uniform straight —
line motion, that the sum of all moments and forces
acting on that tractor has to be in balance and that is
why it can be assumed that the sum of projections of
all forces on the axis is equal to 0, the projections of
all forces on the axis y are equal to 0 and the sum of
the moments of all forces in relation to the point 0, is
equal to 0. These equations (according to Fig. 1) can
be presented physically as follows:

IF,=0 F,,I,—F,,,il'"wirf'n,—F,,—Fu,,=0 n

LF,=0 -R,+G,+G-R,+F,=0 (2)

IMp=0 Ry, (L+e,—e)+Fy, (ry—ry) -G, (Li-e).

ccosa+F h+F, (I, +e)+F, h,=0 (3)
where: G - part of the tractor weight falling on the front axle (kN)
G, - part of the tractor weight falling on the rear axle (kN)

Because it is assumed that the load distribution on
the right and left side is the same (i. e. the tractor is
uniformly loaded and does not run on a lateral inclina-
tion), then the weight G can be presented in the fol-
lowing way:

G.= Gp +G, )
Fop* Fu=Fy (kN) )

where: Fnp — tractive force of the front axle (kN)
Fpny — tractive force of the back axle (kN)
F, - tractor driving force (kN)

With the constant engine power, definite speed, the
tractive driving force is equal to:

F,

36.P.
=l N) ©)
v
where: P - engine power (kW)
n - efficiency of the power transmission system,
v — the smallest speed (on the first gear — kmh™')

It results from equation (1) (projection of all forces
on the axis x), that:

36.P.1

Fap# Foy=Fy=Fyp+ Fy# Byt Fpy === 6N) ()

_36.P.1m

F,=F, +F,,+FW+F“,,—

n

(kN) ®)

where: Fy - rolling resistance of the front wheels (kN)
Fr - rolling resistance of the back wheels (kN)
The rolling resistance of the tractor that runs on the
soft ground is equal to the sum of the rolling resistance
of all road wheels:

n=4
Fu-=2 Fy 9)

where: i - number of tractor wheels
F; - rolling resistance of one wheel (kN)

As the tractor runs without lateral tilts, the rolling
resistance of the front and back wheels can be presen-
ted in the following way:

Fpp+Fpy=Fpand Fy + Fy=F, (10)

pp pi np
where:  Fyp — rolling resistance of the front right wheel (kN)
Fyi ~ rolling resistance of the front left wheel (kN)
Fup - rolling resistance of the back right wheel (kN)
Fm - rolling resistance of the back left wheel (kN)
Tractors that carry out skidding in not easy-accessi-
ble terrain, most often are driven on both axles. Their
wheels of the same overall dimensions are provided
with special tyres. As there is a relationship between
the dynamic radius of the driving wheel and the rolling
resistance coefficient, the distance between the ground
reaction and the wheel axles can be presented with the
help of the following equations

(n

With a small error it can be assumed that the dy-
namic radius of the wheels are equal, as well as the
rolling resistance coefficients are equal, what results in:

€p =}}, ~Tap =fi-ru

T =TpaS well asf,, =f,=f.

where: e, - the distance between the point of application of the

ground reaction and the front wheel axle (m)

e; —the distance between the point of application of the
ground reaction and back wheel axle (m)

rdp ~ dynamic radius of the front wheel (m)

rdr — dynamic radius of the back wheel (m)

Jp = coefficient of the front wheel rolling resistance

fr - coefficient of the back wheel rolling resistance

fe — coefficient of the rolling resistance of the wheel pro-
vided with the pneumatic terrain tyre

It results from the equation (2) (projection of forces
on the axis y), that:

Ry, +Ry=G,+G,+F, (kN)

where: Ry, - vertical component of the ground reaction of the
front wheels (kN)
Ryr - vertical component of the ground reaction of the
back wheels (kN)
F. - vertical component of the tractive force of the tractor
(kN)

Fy=F,.sin B (kN)

where: B - angle under which the tractive force acts resulting
from the reaction of the load in rad
F, - the tractive force of the tractor (kN)

(12)

ZEMEDELSKA TECHNIKA, 42, 1996 (3): 87-92



1. The mechanics of forest wheeled skidders forces exerted on the tractor and tree-length log in the course of skidding operation

It is known from the dynamics of a driven elastic wheel that the product of the ground reaction and the rolling
resistance coefficient is equal to the rolling resistance which results in:

Ry, +Ry) . fo=(G,.cosa+F,).f. (kN)
After comparing the equations:
Fe=F,+F,=(G..cosa+F).f. (kN)

where: G . cos o = Fy — vertical component of the tractor weight (kN)
Fup - horizontal component of the tractive force (kN)

F,

w= F, .cos B (kN)
During the run of the tractor on a slope, the force required to overcome the grade resistance is as follows:
F,=G,.sina
where: o - grade angle in rad
what results in:
F,=(G..cos0+F).f,+G,.sina+F,.cos p (kN)
after transformation:
F,=G,.f..cosu+G,.sino+F,.cos B+F,.sinB.f, (kN)

Finally the formula for the tractive force of the tractor on the pin or on the horizontal roller, which leads the
line of the hoisting winch is as follows:

-M—'J,;uGc.(&.cosa+sina)
™ f..sin B+ cos B) N as

It results from the equation of moments (equation 3), that:

_G,_..[(l_‘,—j;_..r,l).cosa—h.sina]—F"A[(lu+fc.rd).sin B—h,.cosB]

- i (kN) (14)

where: Ry, = Gp — the load of the tractor front axle (kN)
Iy - the distance between the back axle and the centre of gravity (m)
In - the distance between the point of application of the tractive force and the back axle (m)
hy - the distance between the point of apllication of the tractive force and the path (m)
L - axle base (m)
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The load of the tractor back axle can be presented in the following way:

Ry=G,=F;+F,~R,, (kN)
after transformation

G,=Ry=G,.coso+F.sinB-R,, (15)
where: Ry, = G; — load of the tractor vack axle (kN)

In accordance with Fig. 1 the sum of the moments in relation to the point O; must be equal to 0.

Mg, =0

Fy.(,+e)+Fy . h=Ry . (L-e+e)=Fy. (ry—ry)+F,. (L+l,+e)+F,, . (h+ry-r;)=0 (16)
After transformation

G,. (II, + e,,) .cost+ G, . h.sina- R_\., (L-e+ L'I,) =Fpy . (ry= "dp) +F, L+l + e,,) sin B +

+F . (hy+ry,—ry).cosp=0 7

That is why the vertical component of the ground reaction of the back axle equal to:

G- [(l,=f..ry) - cosa—h.sino] +F, . [(L+1],~f..ry).sinB—h,.cosB]
i L

(kN) (18)

CALCULATION OF THE FORCE REQUIRED TO THE DISPLACEMENT OF A TREE-LENGTH LOG WITH
THE CONSTANT STRAIGHT-LINE MOTION

The load composed of logs, characterized by Q — weight, / - length, d; — diameter measured in the gravity
centre, d, — diameter measured in the attachment point of the hauling line (in the distance /, from the end), in the
order to be in balance, i. e. resting or being in the constant straight-line motion, has to meet the following
requirements:

21:.r=0 FII+F12+Fwd+F’up=0 (19)

LFy=0 =-F,-R+Q+Q;-R,=0 (20)
d.l d.\'

IM,=0 I-‘,,I,.7+Fw,,.7+Q,,(l—lx)—R2(l—l_t)=0 @n

Regarding the tree-length log tapper the coefficient (k) of the nonuniform distribution of the tree-length log
weight:

o
=9

which after transformation results in:
Qy=k.Qaswellas Q) =(1-k). Q (kN)

One can assume with a slight error, that the force displacing the tree-length log, is applied to its end, then /, = 0.
It results from the equation of moments [equation (21)] that:

ds dx
Rw.I=Q,,.I+Fm,.7—F'u,,.—i- (N.m) (22)
where: conla =1 - weight of the log (in the point of line attachment) applying load on the skidded log end (kN)
On__ Q> — weight of the log applying the end (kN)
cos o
Fuwa - force required to overcome the grade resistance of the log, characterized by Q in kN (F,, = @ . sin & (kN)
1 - log length (m)
dy — log diameter in gravity centre (m)
d - log diameter in the point of the hauling line fastening (m)

It can be assumed with the slight error that d; = d, = d
Then:

R2=(1—k).Q.cosa+Q.-:—l.sina—F‘u.%.cos[} (kN) (23)

92 ZEMEDELSKA TECHNIKA, 42, 1996 (3): 87-92



It results from the projection of forces on the y-axis, that:

Ri=01+0Qy~R,~F, (kN)
after putting in data:
d d :
R, =Q.(k.cosu—a.sma)+F'uA(§.cosﬁ—sm B) (kN) (24)

The friction force (F,, and Fp,) is directly proportional to the pressure forces:
Fy=R,.f,(kN)and Fp =R, .f, (kN) (25)

where: f, — coefficient of the friction resistance of the tree-length log front part
fi - coefficient of the friction resistance of the tree-lenght log back part

It results from the projection of forces on the x-axis [the equation (4)], that:

Fy+Fp=F,,~Fu (N) (26)

up

after putting in data it assumes the form:

Q.(cosa—%sina).f,,+F",,.(%.cosﬁ—sinB).j},+Q.(l—-k).cosct,j’,‘+Q.-g—l.f;‘sina+F,,.%.ﬁ.cosﬂ:

=F,.cosB-Q.sina (kN) 27

After putting it in order, the formula for the force required to displace the tree-length log characterized by the
weight Q with the constant straight-line motion:

["-fp**(l—k)-fi]-cosa+[%.(f,—f;,)+l].sina
F,=0. 7 (kN) 29
IEZ-(fk—f,,)+l].cosB+j;,.sinB

LOAD SIZE LIMITED BY THE TRACTOR POWER

Size of a single load can be calculated by the comparison of the tractor tractive force — F, with the force F, -
necessary for tree-length log transportation.
The size of the single load the case of the skidding

6.P. :
“Tn_cc_(fc_cosa-»sma) [%,(fk—fp)q-l].cosﬂ+fl,_sin|3
0= - ; . (kN) @)
kg, +(1+K).fi) . cos a+ 7. e=fy) +1] fsin B +cos B

In the use of the half-suspended skidding f, does not exist and formula assumes the following form:

36.P.1

7 =G, .(f,.cosa+sin0)

= y (kN) (30)
(1 -k).fk.cosa+(§.fk+ 1).sina

LOAD SIZE LIMITED BY THE TRACTIVE ADHESION

The complete tractive force of a tractor calculated on the base of the engine power, can be only then utilized
when it is smaller or at the most equal to the adhesive force. By the latter one understands the procedure of the
multiplication of the wheel load including the wheel weight, vertical to the ground and the coefficient of adhesion:

H=G,.n (kN) an

where: Gn — load of the drive wheel (kN)
- coefficient of the tractive adhesion

The biggest tractive force, which can be relayed onto the ground should meet the condition:

F,sH=G,.p (kN) )

where: Gn = Ryp + Ry = Fa+ F; = Gc . cos @ + Fu . sin . (kN)
Fn=Fu+Fu+Fyp=(Ge.cosu+ F,.sinP).fo+Ge.sina+ Fy.cos B (kN)
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Puting in data from the above-mentioned equations one obtains:
(G,.cosa+F,.sinB)p2(G.coso+F,sinP)+G,sina+F,cos B (kN) (33)

After the transformation the formula for the maximum tractor tractive force, with retaining of adhesion,
assumes the form:
(L—=f,).cosa—sina
=G,,————————— (kN 34
e (f,— ). sin B+cos B (kN) 34
Comparing the tractive force calculated from the condition for the tractive adhesion with the force necessary
to tree length log skidding one obtained the formula for the load size, conditioned by the tractor tractive force in
case of the skidding: 4
(=) .cos a—sina b7 Gi=f) +11.cos B+, .sin B
Q=G d ’ (f.— 1) .sin B+cos B G 3
[k.};,+(1—k)._ﬁ‘].cosa+[a.(fk—f,,)+l]Asina e~

In case of the half-suspended skidding the formula assumes the form:

(L —f,).coso—sin o 1

0=G, (kN) (36)

.(l—k).fk.cosa+(%.fk+l).sina fe-n

SINGLE LOAD SIZE LIMITED BY THE TRACTOR LONGITUDINAL STABILITY

When the tractor runs up a rise, it can loose the longitudinal stability. The considerable influence on the
longitudinal stability of a tractor running up a rise is exerted by the tractor tractive force.

In order to meet the condition of the tractor longitudinal stability, the wheel ground resistance of the front and
back axles must be always positive, i.e.:

Ry,20and Ry, 20 (37)

It is known from the carried out experiments, that it is not enough to retain the tractor longitudinal stability
in order to use its driving advantage, but it is also necessary to obtain the minimum pressure of the tractor front
axle onto the ground (Mikle§, 1990). The pressure of the front axle onto the ground should be equal to 2 to 3
kN. Comparing these values to the path reaction of the tractor front wheels, one obtains: 2-3 kN < Ry,,.

In the case of the tractor half-suspended skidding, that formula assumes the form:

G..[(=f..ry .coso—h.sina]-2L

1 (kN) (38)
(1 —k).fk.coscx+(ﬂlf,,+l).sinu.(l,,+f;_..rd)

CONCLUSIONS

The presented formulas can be applied to calculate the size of the single load for the skidding in any terrain
conditions. The formulas in this paper have been tested and used during laboratory work on efficiency of forest
wheeled skidders of different types designed for tree-length log skidding-LKT-ZTS, Timberjack, Tree Farmer,
Timberjack, Caterpillar, Ranger, John Deere.
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SNIMANIE A MONITOROVANIE SPOTREBY PALIVA
FUEL CONSUMPTION MEASURING AND MONITORING

I. Janosko

Univerzity of Agricultural, Nitra, Slovak Republic

ABSTRACT: The contribution describes instrument for fuel measuring consumption of diesel engines utilizing gear flow
meter Kilppers ZHM-02 (20 000 impulse for liter). Instrument measures total and immediate consumption of fuel in extent
of 6-39 dm>h™! with precision of 1% per second decimal digit. One part of instrument is monitor with mechanical and
clectronical memory. Instrument enables to e fuel cc ption in laboratory and external conditions.

diesel engine; fuel consumption measuring; accumulator damper; monitoring

ABSTRAKT: V prispevku je popisané zariadenie na meranie spotreby paliva naftovych motorov vyuZivajice zubovy prie-
tokomer Kiippers ZHM-02 (20 000 impulzov na liter). Zariadenie meria celkovii a okamZita spotrebu paliva v rozsahu 6 aZ
39 dm’h' s presnosfou do 1 %. Sicastou meracieho zariadenia je monitor s mechanickou a elektronickou vymazatelnou
pamiifou. Meracie zariadenie umoZiiuje merat spotrebu paliva v laboratérnych a v polnych podmienkach (napdjanie 12 V/2 A)

s moZnosfou pripojenia na PC.

naftovy motor; meranie spotreby paliva; hydraulicky tImi&; monitor

UvoD

Experimentilne merania si ndro¢né na snimaCovi
a vypoctovi techniku. Na presnosti merania sa rozho-
dujicou mierou podiela snima¢, kvalitné hardwarové
a softwarové spracovanie signilu. Meranie niektorych
fyzikdlnych veliéin je naro¢né na snimadovi a vyhod-
nocovaciu techniku. Medzi veli€iny, ktoré vyZzaduja
zvySend pozornos(, patri meranie prietoku a spotreby
paliva pri naftovych motoroch.

TEORETICKY ROZBOR

Meranie spotreby paliva spalovacich motorov vzhla-
dom na 3pecifickost celého procesu nardZa na niektoré
obtiaZnosti obzvlast pri merani spotreby naftovych mo-
torov, ktorych palivova sistava je charakterizovana
Sastymi zmenami tlakovych vin v zéavislosti od pracov-
nej frekvencie vstrekovacich jednotiek, pripadne od do-
pravného Cerpadla. Tlakové viny maji negativny vplyv
na presnost merania. V laboratérnych podmienkach sa
najCastejsie pouZiva hmotnostnia metoda merania, pripad-
ne objemové — diskontuélna, ktord je viak viac-menej
pouzitelna na statické merania. Pri poZiadavke merania
spotreby v exteriéroch, pri meraniach vyZadujicich ve-
dief hodnoty okamZitej spotreby (napr. pri fahovych
skiaskach) sa pouZivaji snimale prietoku pracujice
objemovou metédou najéastejSie na principe merania
prietoku kon3tantnymi zdvihovymi objemami maloroz-
mernych piestikov hydromotora alebo merace;j turbin-
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ky, ktoré maju ¢o najmenej zataZoval merané kvapa-
liny.

Idedlny hydromotor (Petransky, 1989; Se-
metko, 1985) méZeme charakterizoval otdckami n,,
geometrickym objemom na jednu otatku V,, mnoZ-
stvom kvapaliny prividzanej za Casovi jednotku Q..
Vystupné otacky mozZno vyjadrit ako:

o

=y ) m

Pri riefeni skuto&ného hydromotora sa vychidza
z obr. 1, kde plati:

=0~ 00=0,-F & @
alebo:
0n=0,-Z.bp (m's™) 3)

Otacky motora mozno potom pomocou zvodovej
priepustnosti Z; vyjadrit ako:

0,-7,.4p
n=—7p—

o

™ @)

Teoreticky kritiaci moment My, na hriadeli ur¢ime
zo vztahu:

\ Y

2.n

My = (N.m) ©)

Skutocny moment na hriadeli hydromotora M, je

teda podmieneny zvodovym odporom Ap pri geomet-
rickom objeme V,, a mechanickou Géinnostou 1,,;:
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e, | | o
Sote "
ap l R, ": )

1. Principidlna schéma vypoctu hydromotora — Basic scheme of the
hydraulic motor

V.. 8p
My=——.1,

R (N.m) (6)

Tlakovy spad na zvodovom odpore Ap moZno uréit
zo vztahu:

Ap=p,+p,~p (Pa) (@)

kde pre hydromotor, z ktorého nie je odoberany vykon
na hriadeli, plati, Ze p, = 0 a tlakovy spid Ap je potre-
bny iba na prekonanie vnitornych odporov.

Na prietokomery pracujiice na principe malorozmer-
nych piestikov, resp. na principe odmernych ozubenych
hydromotorov, ma velky vplyv presnost opracovania
jednotlivych odmernych elementov, s ¢im tzko suvisi
velkost vnitornych odporov, ako aj presnost merania,
resp. velkost hydraulickych strat.

Dal$im problémom, s ktorym sa zaoberaji takmer
vietci vyrobcovia spotrebomerov pre vznetové motory,
st tlakové razy (obr. 9 a 10 — krivka 1) v palivovej
sustave. Uplatiiuju sa rézne individudlne rieSenia, pre-
dov3etkym zapojenia snimaCov do sacej vetvy doprav-
ného Eerpadla, oSetrenie vstupu a vystupu meracieho
¢lena pomocou jednosmernych a tlakovych ventilov,
prip. tImiCov réznych konstrukcii v kombinécii s me-
chanickym blokovanim spitného oti¢ania meracieho
¢lena (napr. Adast Adamov), vyrovndvanim tlakovych
zmien a prietoku pomocou servopohonu (napr. Pier-
burg PLU 116H) alebo elektronickym filtrom zabezpe-
Cujicim odCitanie spitnych impulzov. To je vSak iba
Cast problémov. Na presnost merania ma vplyv aj vis-
kozita meraného média, premenlivy K-faktor (obr. 2)
a rozliSitelnost vyhodnocovacieho zariadenia. Va¢Sina
vyrobcov tieto Cinitele zaratdva na vrub nepresnosti
meracieho pristroja.

MATERIAL A METODA

Zariadenie na kontinudlne meranie spotreby paliva
tvoria dva zakladné celky:
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2. Zavislost K-faktoru na prietoku pre rozne viskézne kvapaliny —
Dependence K-factor on flow for different viscous fluids

— mechanicka Cast,

- vyhodnocovacia — elektronicka Cast.

Mechanicki &ast tvori: palivovy filter, meraci sni-
mac prietoku, timi¢ tlakovych rizov, blok spitnych
ventilov.

Elektronicki Cast tvori: zosilfiova¢ a tvarova¢ im-
pulzov, prevodnik F/U a monitor spotreby (obr. 3).

Pre aplikdciu meracieho zariadenia paliva bol pouZi-
ty prietokomer ZHM-02 od firmy Kiippers, pracujici
na principe zubovych meracich elementov (obr. 4)
v rozsahu 0,04 a% 2 dm®min~!. Prictokomer ZHM-02
je odporucany na snimanie prietoku pre kvapaliny s ki-
nematickou viskozitou nad 10 mmZs~!. Pre presné me-
ranie poZzaduje vyrobca zabezpe€it ticto poZiadavky:

— na vstupe zabezpecCif Cistotu kvapaliny na drovni
40.107% m,

- zabezpecil odplynenie meranej kvapaliny,

— pripadné silné vibracie eliminovat flexibilnymi ha-
dicami,

3. Blokovd schéma meraca paliva — The block scheme of the fuel-
flow meter

1 = palivovy filter — fuel filter

2 = prietokomer Kiippers — flow meter Kiippers

3 = tImi¢ - damper

4 = spitny ventil — return valve

5 = zosilfiovag, tvarova¢ impulzov, prevodnik F/U — amplifier, elec-
trical circuitry
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4. Prietokomer Kiippers ZHM-02 - Flow meter Kiippers ZHM-02

ZHM-02

G/2002.500

5. Blokovd schéma stanovenia K-faktora — Block scheme of the
designate K-factor

K-PAKTOR, L.cm-3

PRIETOK. wa3.h-1

6. Zavislost priebehu K-faktora na prietoku — Dependence of K-fac-
tor by a flow

N T
NP

d;

7. Schéma k vypodtu spitnych ventilov — Scheme for calculation of
return valves
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— neintalovat prietokomer a elektrickd €ast v bliz-
kosti silnych zdrojov s ruivym napitim a magnetic-
kym polom,

~ pouZivat iba tienené vodice s dlZkou max. 5 m.

Prietokomer je zhotoveny z nemagnetického mate-
ridlu (okrem ozubenych elementov) s kvalitnou po-
vrchovou tpravou. Pohyb jedného z ozubenych kolies
snima induk&ny snimaé. Pre navrh vyhodnocovacieho
monitora bolo potrebné zistit priebeh K-faktora v za-
vislosti od prietoku pre naftu v podmienkach ustilené-
ho prietoku bez ruivych vplyvov na vstupe a vystupe
prietokomera (obr. 5), kde sa zmena prietoku realizo-
vala zmenou hydrostatickej vy$ky hladiny zasobnika
paliva s naftou NM 4 vyrobcu Slovnaft, a. s., pri tep-
lote kvapaliny 1, = 20,2 aZ 21,1 °C. PreteCené palivo
sa zachytévalo do presnej odmernej banky s objemom
1 000 cm®. Zaznamenany bol &as prietoku a polet im-
pulzov na stanovené mnoZstvo prostrednictvom prosté-
ho &itaa RFT G-2002.500 (obr. 6).

Vychéadzajic zo zakladnych poZziadaviek vyrobcu
prietokomera, zvolil som naftovy palivovy filter typu
DVL (vyrobca Autobrzdy Jablonec nad Nisou), ktorého
Zistiaca schopnost je uddvana pod 10.10°% m. Cistié
paliva je konStruovany s jednodielnou Cistiacou vloZ-
kou a s nizkym hydraulickym odporom.

Blok spitnych ventilov zabezpeluje navrat paliva
z prepadovej vetvy spil do uZ odmeraného okruhu pa-
liva. Systém spitnych ventilov je rieSeny jednym ven-
tilom s gulkovym sedlom, ktory je umiestneny na vstupe
celého bloku, a druhym spitnym ventilom s kuZelovym
sedlom, ktory je umiestneny na vystupe vratnej vetvy
paliva. Cely blok ventilov bol prevzaty zo star§ieho
typu prietokomera Adast. Vzhladom na to, Ze prietoko-
mer ZHM-02 umoziiuje vysSie prietoky, bolo potrebné
overit niektoré parametre spitnych ventilov. Konstruk-
¢né parametre moZno stanovit v siilade s tym, o uvie-
dol Prokes (1973). Pri vypolte moZno vychadzat
z obr. 7. Pre gulkovy ventil moZno stanovit rozmer d,
podla vztahu:

2.—L—1|:.h2.sin2a.sin[5

ay= 2.n.h.sino (m) ®

kde: Q - prietok kvapaliny

h - konStrukény zdvih

B — sicinitel prietoku

Ap, — tlakova strata

p - hustota kvapaliny

Pre spitny ventil s kuZelovym sedlom, ktory je

umiestneny na vystupe vratnej vetvy paliva, resp. na
druhom vstupe do bloku ventilov, moZno jeho kon-
Strukény zdvih stanovit ako:

. —9Q

w V2
“R.sinB. (dy+dy) (m) ©
Hlavnou tlohou tlmi¢a je odfiltrovat neZiadice tla-
kové viny, ktoré vznikaji v dosledku diskontinuélnej
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8. Akumuld 1 damper

ovy tmit - A

1= =P
2 = ventil — pneumatic valve

3 = labyrint — labyrint

4 = palivova komora — fuel chamber
5 t ~ rubber diaphrag

7

\ i

i
\ ' \ 4
)

\
D
3
\

P O W T

-
H
>
H
H
H
-
H

Tise index

9. Namerané hodnoty tlakov v sani pri spotrebe 14,4 dm’h!
(80 Hz) — Recorded values pressures in suction at fuel consumption
14.4 dm™h™' (80 Hz)

1 = pred spiitnym ventilom — in front of return valve
2 = pred timi¢om - in front of damper
3 = za timi¢om ~ behind damper

&innosti dopravného &erpadla a vstrekovacieho &erpad-
la. Tlakové razy maji negativny vplyv na presnost me-
rania. V dosledku tychto razov snimaci prietokomer,
resp. jeho odmerné ¢leny osciluji a naditavaji nesprav-
ne impulzy. Preto je Ziaduce eliminovat tlakové viny
na strane vstupu a vystupu meracieho ¢lena. Ako inpi-
raény vzor som vyuZil timi& VUNM Praha, ktory bol
dopracovany o dvojpriestorovy dvojvstupy labyrint so
z6nami rozbijania tlakovych vin a zmenou pridenia la-
minérného na turbulentné a konstrukéne prepracovany
na akumulatorovy s variabilnou tlmiacou charakteris-
tikou timenia, o umoZiiuje jeho aplikaciu tak do sacej,
ako aj do vytlaénej vetvy dopravného &erpadla (obr. 8).

Tlmiaci d¢inok akumulatorového timifa je zretelny
z nameranych tlakovych zmien v sacej a vytlaénej Cas-
ti dopravného Cerpadla (obr. 9 a 10).

Prid paliva prechddzajici cez prietokomer spdsobu-
je rotaciu meracich zubovych elementov, ktoré si
z magnetického materidlu. Pohyb jedného z ozubenych
kolies snima induk&ny snima¢ typu JG 03. Ziskany sig-
n4l je nutné dalej spracovat do vhodného tvaru. Uprava
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10. Namerané hodnoty tlakov vo vytlaku pri spotrebe 14,4 dm* b
(80 Hz) — Recorded values pressures in delivery pipe at fuel con-
sumption 14.4 dm>h™' (80 Hz)

| = pred spitnym ventilom - in front of return valve
2 = pred timi¢om ~ in front of damper
3 = za timi¢om - behind damper

u

3Ge | PcL 318

1 1. Blokovi schéma elektrickej ¢asti — Block scheme of the electri-
cal part

DISPLAY

by paliva - Basic block

Princinial hé .
12. Princip u sp

scheme of the monitor flow

signalu sa realizuje v samostatnej elektrickej Casti
umiestnenej v zmysle poZiadaviek vyrobcu v blizkosti
meracieho &lena. Blokovd schéma elektrickej Zasti je
na obr. 11.

Pre dalSie kvalitné spracovanie a vyhodnotenie sig-
nélu je potrebné ziskany priebeh zosilnif a vytvaroval
na TTL signal. Vzhladom na nizku dGrovei vystupného
signilu najmi pri malej frekvencii sme museli na
KVaTZ MF V8P v Nitre vyvinit a zhotovit kvalitny
zosilfiovaci a tvarovaci obvod (0,04 mV/20 Hz —
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I. Hodnoty namerané v sani — Recorded values in suction pipe

Pon:adnlvé ry Impulzy? 1, Sj,I L Udaje monitora® Zhoda*
Cislo (cm?) ) (s) (dm”.h~") S, (dm3h-) S, (cm?) (%)
1 1 000 19 807 761,09 473 4,68-5,04 980 98
2 1 000 19 893 390,21 9,22 9,00-9,36 990 99
3 1000 20 041 306,16 11,76 11,52 1 000 100
4 1 000 20 109 228,07 15,78 15,84 1 000 100
5 1 000 20214 171,05 21,05 20,88-21,24 1 000 100
6 1 000 20 162 169,80 21,20 21,24 1000 100
7 1 000 20 257 132,84 27,01 27,36 1 000 100
8 1 000 20 327 93,59 38,46 38,89 1010 99
V, = spotrebovany objem — consumed volume
f, = Cas spotreby — time of pti
S,; = vypotitand ok itd spotreba - calculated ption
pm = OkamZitd spotreba na itore — i ption on a
§. = celkova spotreba na - total p ona i
o, % pul 2 data, ‘ag
1. Hodnoty namerané vo vytlaku — Recorded values in delivery pipe
Udaje monitora® 4
ot (e gl & (amic Som (dm34h‘J') 5, (cm?) o
1 1 000 19 480 882,03 4,08 3,96 970 97
2 1 000 19 979 511,45 7,04 6,84-7,20 990 99
3 1 000 20 041 320,00 11,25 11,52 1 000 100
4 1 000 20 272 225,38 15,97 16,20 1 000 100
5 1000 20 239 219,60 16,39 16,92 1 000 100
6 1 000 20 220 173,40 20,76 20,88-21,24 1 000 100
7 1 000 20 244 130,41 27,60 28,08 1 000 100
8 1 000 20 305 104,00 34,60 34,92 1 000 100

Poznamky viz tab. I — notes see Tab. I

1 V/200 Hz). Takto upraveny signél je prividzany do
vyhodnocovacieho zariadenia cez tieneny vodi¢ v tvare
TTL a je tieZ, ako v3etky spotrebomery poprednych
vyrobcov, ponikany aj v analé6govom tvare, ktory
umoZiiuje zaznamenavat idaje okamZitej spotreby do
meracieho poéitata PC.

Mnozstvo paliva preteceného cez meraci ¢len sa re-
gistruje v digitilnom vyhodnocovacom zariadeni —
v monitore spotreby PHM.

VYSLEDKY

Overovacie merania sa realizovali so zkompletizo-
vanym meracim zariadenim napojenym na spalovaci
motor ZETOR 8002. Meracie zariadenie sa vyhodno-
covalo ako celok, tj. cely meraci retazec, v ktorom ko-
ne¢ny vysledok bol prezentovany nameranymi hodno-
tami monitora spotreby. Merania sa uskuto&nili
v zapojeni do sacej a vytlatnej vetvy dopravného &er-
padla. Meral sa Cas spotreby stanoveného mnoZstva

ZEMEDELSKA TECHNIKA, 42, 1996 (3): 93-98

a poet impulzov na spotrebované mnoZstvo. Namera-
né hodnoty sa porovnali s idajmi na monitore. Vysled-
ky merani su uvedené v tab. I a IL.

Z nameranych vysledkov vyplyva, Ze presnost me-
rania je do 1 % pre meraci refazec pri pouZiti uprave-
ného monitora spotreby v meracom rozsahu 6 az
39 dm’.h~". Presnost merania je moZné zvysit pouZitim
externého prostého Citaca, pripadne na¢itavanim impul-
zov do PC a korekcii zohladiiujicich K-faktor a dife-
renciu teploty.

Rozsah a rozliitelnost monitora
Celkova spotreba:
0,01-99,99 dm*/0,01 dm® - vymazatelna pamiit
0,01-999,99 dm*0,01 dm® — mechanicky &itad
OkamtZita spotreba:
0,36-99,72 dm*h'/0,36dm> h™"!
Vystupny elektricky signal:
analgovy (0-4V) a digitalny (TTL)
Napdjanie elektrickych obvodov: +12V/2A, +5V
PoufZitie: interiér a exteriér
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KINETOSTATICKA ANALYZA SHRNOVACE PICE SB-4H

KINETOSTATIC ANALYSIS OF HERBAGE RAKE SB-4H

E. Malenovsky', P. Sedlak’, M. Seknitka’

Unstitute of Technology, Faculty of Mechanical Engineering, Brno, Czech Republic
*Mendel Agronomical and Forestry University, Brno, Czech Republic

ABSTRACT: The paper presents application of matrix method of of kinematic analysis solution to the forage rotary rake
SB-4H. The solution has been aimed at determining action of the force between gate and pulley which provides running of
raking fingers. It included forces acting from raked forage, arm load force with raking fingers and its effects of inertia as
force as moment ones. Action of the force between the pulley and the gate was analyzed for two variants of loading - idling
and running. In idling the working mechanism of the rake is loaded only by load and fly forces. Moreover, running includes
external load from raked forage. The course of normal force on the gate in idling motion and running is in Figs. 3 and 4.
The maximal value of this force in idling is 374 N. The maximal normal force of 3,450 N was calculated in running load of
the rake. Dominant load of the pulley and the gate arises from raked forage. The load by effects of inertia is about nine times
lower and the load by load forces is negligible. It follows from tension analysis of the pulley for maximal load that in the
middle of the contact area of the pulley, about 0.2 mm below the surface, there is a local plasticizing. After some time of
running as a result of plastic deformations the plane surface of the gate alters at the site of the contact with pulley into
cylindrical surface and state of the stress alters too. It is possible to reduce the state of the stress in contact with the pulley
and gate using the undivided pulley, enlargement of an arm length with the pulley and curvature of the gate when material
of higher yield point is used or by shortening of the length of raking fingers.

kinetostatic solution; state of stress; program system; forage rake; pulley; gate

ABSTRAKT: V ¢lanku je uvedena aplikace maticové metody kinetostatické analyzy vazanych mechanickych soustav zemé-
délskych stroju, slouZici k analyze silovych G¢inkdi shrnovate pice SB-4H, zejména na kulise, kterd je fidicim ¢lenem
mechanismu. Do feSeni byly zahrnuty sily pisobici od shrnované pice, tihové sily ramene se shrnovacimi prsty a jeho
setrvaéné tcinky jak silové, tak i momentové. Dile je uvedena nap&fova analyza kladky pro maximalni zatiZeni, z niZ vyplyva,

Ze ve stfedu stykové plochy kladky s kulisou dochézi asi 0,2 mm pod povrchem k lokdlnimu zplastizovani.

kinetostatické feSeni; napjatost; programovy systém; shrnovac pice;' kladka; kulisa

UvoD

Pracovni ustroji zemédélskych stroji tvofi v mnoha
pfipadech uzaviené nebo oteviené prostorové vidzané
mechanické soustavy. Pro kinematické feSeni téchto
soustav lze s vyhodou vyuZit maticové metody. V pfi-
spévku je na konkrétnim prikladu uvedena aplikace
maticové metody pfi kinetostatické analyze kulisového
mechanismu pro fizeni prsti shrnovade pice.

Pro kinematickou analyzu otevienych kinema-
tickych fetézct a pro feSeni tdloh kinematiky (tj. analy-
zy pohybu, rychlosti a zrychleni) popsali metodiku i al-
goritmus feSeni pracovnici VSZ v Brn& (Kolektiv,
1989). Pro feSeni tloh byl na Vysokém uceni technic-
kém, fakult® strojni, Ustavu mechaniky téles v Brné
vytvoien programovy systém OKR, pomoci kterého lIze
analyzovat pohyb bodu i téles soustavy, véetné grafic-
kého postprocessingu.

Pro kinetostatickou analyzu otevienych prostoro-
vych kinematickych fetézcl byl na témZ pracovisti vy-
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tvofen programovy systém OKRS. Pomoci tohoto sys-
tému lze analyzovat silové pusobeni ve vazbach za
piedpokladu téchto sil:

— tihové sily jednotlivych t&les,

— primarni vnéj§i hnaci G&inky,

— priméarni vné&jsi zatéZné alinky,

- setrvaéné ucinky jednotlivych téles.

Popis metodiky kinetostatického feSeni, na jejimZ
zakladé byl sestaven algoritmus feSeni, z néhoZ dale
vychézi programovy systém OKRS, uvedl Loprais
(1988).

Popsané programové systémy byly aplikovany pro
kinematickou a kinetostatickou analyzu shrnovace pice
SB-4H, jehoZ schéma je uvedeno na obr. 1.

Pracovni dstroji shrnovae SB-4H tvofi Etyfi rotory
se svislou osou rotace. Kazdy rotor ma Sest ramen (6),
na kterych jsou oto¢né uloZeny hfidele (1) opatiené na
vnéjsi strané shrnovacimi prsty (5). Na vnitfni strané
hiideld jsou kritkd raménka (2) s vodicimi kladkami
(3). Vodici kladky jsou vedeny v radidlni oboustranné
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1. Schéma rotoru shrnovage pice — Diagram of the rotor of forage
rake

| — hiidel — shaft, 2 - raménko ~ arm, 3 - vodici kladka - guide
pulley, 4 - radidlni oboustrannd vatka — radial reversible cam, 5 —
shrnovaci prsty — raking fingers, 6 — rameno — shoulder, 7 — op&mné
kolo — supporting wheel

z* 4

- P
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m
135 175 40
8 / - = = T 3
t. A % ER
215 || ! |
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$37/417 48 - sl
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m=066
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2. Schematické zndzornni nahrady t&lesa 4 — Diagram of body re-
placement 4

1 - trubka - tube, 2 — bodové t&leso — point body

vaéce (kulise) (4), kterd zaji¥tuje fizeni prstd b&hem
shrnovéni. Opérné kolo (7) slouZi k nastaveni vySky
prsti nad povrchem pozemku. Pohon rotori shrnovace
je odvozen od vyvodového hfidele traktoru.

Pro potieby vypodtu je pracovni jednotka shrnovade
nahrazena tfemi télesy:

— téleso 2 — kulisa (4) pevné spojend s rimem stroje,

— t&leso 3 — rameno rotoru (6)

— téleso 4 - hridel (1) s prsty (5), raménkem (2)
a kladkou (3).

Analyzou kinematickych poméri pohybu viech té-
les soustavy se zabyvali Sekni¢ka a Loprais
(1989), vysledky vypodtu, véetn& grafickych vystupu,
uvedli Sedlak etal. (1988) a Kolektiv (1989).
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KINETOSTATICKA ANALYZA

Hlavnim cilem kinetostatického feSeni byla analyza
silového pusobeni ve vazbé téles 4 a 2, tedy na kladce.
Téleso 4 je koncovym a hlavnim prvkem v soustavé
shrnovace, jehoZ prsty shrnuji pici. P¥i analyze bylo do
feSeni zahrnuto silové pisobeni od shrnované pice, ti-
hové sily prsta a jejich setrva¢né ucinky jak silové, tak
i momentové.

Vstupni hodnoty pro vypocet setrvacnych acinka té-
lesa 4 jsou hmotnost, poloha téZité a tenzor setrvac-
nosti. Vzhledem k tomu, Ze téleso 4 je znacné &lenité,
bylo pro stanoveni vstupnich dat nahrazeno soustavou
elementarnich téles (obr. 2). Pivodni hmotnost 4,6 kg
¢inila po ndhradé 4,9 kg. Po nihradé ma t&Zisté télesa
4 tyto soufadnice: xy = 0,111 m, Y7 = 0,006 m, z7 =
-0,040 m a tenzor setrvacnosti

0,0424 -0,0156 —0,0341
14=[—0.0l56 0,3066 -o.oom] (kg.m™)
-0,0341 -0,0001 0,2732

Silové pusobeni ve vazb& mezi télesy 2 a 4, tj. mezi
kladkou a kulisou, bylo analyzovano pro dva pfipady
zatiZeni:

A. ZatiZeni pouze setrvaénymi a tihovymi silami,
kterymi je modelovén tzv. volnob&h. Nepocita se se
zatiZenim od shrnované pice.

B. ZatiZeni tihovymi a setrvatnymi silami a navic
vnéj§im zatiZenim od shrnované pice, coZ predstavuje
provozni stav shrnovace.

ad A. Volnobéh

Na obr. 3 je znazornén prib&h normélové sily na
kulise b&¢hem jedné oticky télesa 3 vzhledem k téle-
su 2. Z grafu s naznaéenym rozvinutym tvarem kulisy
je ziejmé, Ze béhem jedné otacky se méni zatiZeni horni
a dolni &4sti kulisy. Maximdlni hodnota normélové sily
je 374 N.

ad B. Provozni stav

Analyze zatiZeni shrnovacich prsti rotorového shr-
novace pice byla vénovana pozornost jiZ diive. Vysled-

MeFitko : 120N

3. Prub&h normilové sily na kulise volnob&hu —~ The course of the
normal force on the gate of idle motion

1 — me&fitko — measuring rule
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1. ZatiZeni prstu pfi ruznych provoznich stavech — The load of the
finger in different running situations

Priichodnost' | Otiky vyvodového hfidele? Napéti®

(Q (kg.s™h) (min~") G (MPa)
27,2 500 738
34,5 600 1090
41,9 660 1168
15,2 660 784

'free passage, Zrevolutions of output shaft, *tension

ky méfeni energetické naroCnosti a pevnostni analyzy
vybranych prvkid shrnovace SP4-082, ktery je velmi
podobny shrnovaci SB-4H, uvedl Kupr (1986). Mezi
fadou sledovanych veli¢in béhem provozniho méfeni
bylo i tenzometrické méieni ohybového namahani
v misté spojeni prstu s ovladacim hiidelem. Z tohoto
naméahéni bylo inverzni tlohou stanoveno modelové
zatiZeni konce prstu.

V tab. I jsou uvedeny maximalni naméfené hodnoty
ohybovych napéti pfi riznych provoznich stavech a pfi
rychlosti pojezdu v = 3,3 m.s”!. Materidlem prstu je
ocel 12 071 s mezi kluzu ox = 1080 MPa (Kupr,
1988). Jak je z tab. I zfejmé, naméfené napéti piesahuje
mez kluzu, pfi¢emZ i b&hem méfeni dochézelo k plas-
tické deformaci prstu. Pro kinetostatickou analyzu bylo
vzato zatiZeni, které vychézi z napéti na mezi kluzu.
Pro predpokladané zatiZeni na konci prstu a pro kruho-
vy prufez plati vztah mezi napétim a zatiZenim

o.n.d

F=~%.a
kde: d - prumér prstu (m)

! - délka prstu (m)

Pro primér prstu d = 8 mm a délku / = 0,43 m byla
podle literatury (Kolektiv, 1989) stanovena maxi-
mélni z4té€Zna sila F = 130 N. Pro &tyfi shrnovaci prsty
je vysledné vné&j8i maximalni zatiZeni 520 N. Na obr. 4
je nakreslen prubéh normaélové sily mezi kladkou a ku-
lisou pfi jednom pracovnim cyklu. Vlastni prabéh za-
téZovani béhem cyklu byl bran jako lineérni, s nulovou
potétedni hodnotou a s maximalni hodnotou okamzZiku
nab&hu kladky na kfivkovou &&st kulisy. Maximalni
hodnota normélové sily je 3450 N.

Pokud porovname zatiZeni pfi obou provoznich stavech,
je ziejmé, Ze vyrazné& vy$Sich hodnot se dosahuje pii shr-
novéni. Pomér maximalnich hodnot sil je cca 9. Proto byla
dalsi analyza zaméfena zejména na provozni stav.

(N) (0]

NAPETOVA ANALYZA KLADKY

Pohyb z kulisy na t&leso 4 se pfenasi prostfednic-
tvim kulového télesa kladky, které se sklada ze dvou
Casti s mezerou mezi nimi (obr. 5). Za predpokladu, Ze
tuto mezeru nebereme v ivahu, jedn4 se o styk koule
s rovinou, s kruhovym okrajem stykové plochy a para-
bolickym prib&hem tlaku ve stykové ploge.
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4. Prib&h normilové sily na kulise pfi provoznim zatiZeni — The
course of the normal force on the gate during running load

Pro maximalni normélové napéti ve stykové plose
a prumér stykové plochy b, za pfedpokladu pouZiti
Hertzovy teorie kontaktnich tlaki (N&émec et al.,
1990), plati

A
E*Y
GMAX=O.62.(F.EZ-] (MPa) ®
A
b=0,88.(F‘%] (m) 6

kde: D - primér kladky (m)
E - modul pruZnosti v tahu (kg.m".s'z)

Dile se predpokladaji stejné materialy obou stykaji-
cich se téles a pu = 0,3. Po dosazeni pfisluSnych maxi-
malnich sil pro oba analyzované pfipady se stanovi:

volnobéh: o) = 1101, 8 MPa, b= 0,41 mm;

provozni stav: 6, = 2310,7 Mpa, b, = 0,85 mm.

Posouzeni stavu napjatosti zde znaéné znesnadiiuje
mezera mezi t€lesy kladky. JestliZe ji bereme v tvahu,
nejedna se jiZ o styk koule s rovinou, stykovy utvar je
singularni, v podstaté styk hrany s rovinou. Uvedené
vztahy pak neplati. Navic se béhem kratké doby provo-
zu kladka otlaéi, nebo se bude deformovat kulisa a styk
jiZ bude plo¥ny.

Za predpokladu kulového tvaru kladky je na povr-
chu stykového utvaru nejvEét¥i napé&ti uprostied —
s hlavnimi napétimi

[
0,=0p=—(i-2.1). =7 (MPa) @
35

5. Kladka - Pulley
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0,=-Opax (MPa) (5)

kde: z - normdlové osa
r, ¢ - dva navzijem kolmé sméry ve styku
p - Poissonovo Eislo ()
Po dosazeni do (4) a (5) jsou napéti
0, =0, =-1848,6 MPa
0,=-2310,7 MPa

a maximalni smykové napéti

—% mp 6
3 (MPa) 6)

1,=231,1 MPa

o,
T =—

Maximélni smykové napéti je pro pfedpoklddanou
mez kluzu 1000,0 MPa 1, = 500 MPa.

Na povrchu kladky je béhem celého pracovniho cyk-
lu maximalni smykové napéti pod smykovym napétim,
které odpovida mezi kluzu.

Maximalnich napéfovych hodnot se u kladek z elas-
tickych materidli nedosahuje na povrchu, ale v uréité
vzdalenosti pod povrchem, které se rovna zhruba polo-
viné poloméru stykové plochy. V nafem pfipadé je to
asi 0,2 mm. V tomto mist€ je maximélni smykové na-
péti

Tvax = 0,318 Oyax  (MPa) 0]

Tyvax = 573,1 MPa

coZ je hodnota piesahujici pfipustné smykové napé-
ti. Z toho plyne, Ze zde bude dochazet k lokédlnimu
zplastizovni.

Na obvodu stykové plochy je dvouosy stav napjatos-
ti s hlavnimi napétimi

0,
o,==(1-2.0). =% (MPa) ®)
OmAX
0°=—(l—2.u). 3 (MPa) )
6,200

Maximélni smykové napéti zde ma hodnotu Ty oy =
308,0 MPa a je men$i neZ maximélni pfipustné smyko-
vé napéti.

ZatiZeni okraje stykové plochy byva nebezpe&né ze-
jména pro kiehké materidly a zatiZeni pod povrchem
stykové plochy pro houZevnaté plochy. V naem pfipa-
dé pro posouzeni stavu napjatosti stykové plochy je
rozhodujici napjatost pod povrchem stykové plochy.

Poznamky:

1. Analyza napéti na kladce byla provedena pro maximalni hod-
notu silového zatiZeni b&hem cyklu. Jak uvedl Kupr (1986),
naméhini nema staticky charakter, tedy pro komplexni analyzu by
v dal¥im bylo nutné pouZit mékterou z hypotéz Zivotnosti.

2. Vzhledem k tomu, Ze ramen se shrnovacimi prsty je po ob-
vodu 3est, odpovida tomu i dynamicky charakter zatiZeni Sestkrit za
ot4¢ku. dé&j neni tedy staticky, tak jak byl pouZit v tomto &linku, ale

dynamicky, coZ by opét bylo nutné brét v Givahu pro pfipadnou dalsi
analyzu.

ZAVER

Z celkové analyzy zatiZeni a napjatosti vyplyvaji ty-
to zavéry:

1. Dominantni zatiZeni kladky a kulisy vznikad od
shrnované pice. ZatiZeni setrvanymi G¢inky je asi de-
vétkrat niZ3i a zatiZeni tihovymi silami ma zanedbatel-
nou hodnotu.

2. Za predpokladu kulového tvaru kladky je misto
s vyskytem maximdalnich smykovych napéti ve stfedu
stykové plochy a pod povrchem. Zde napéti pfevySuje
mez kluzu, tudiZ dochdzi k plastickym deformacim.
V dusledku lokalniho zplastizovéni se po urCité dob&
provozu méni i styk, takZe se rovinna plocha kulisy
v misté styku s kladkou méni na valcovou plochu a pii-
tom se zméni i napjatostni relace. Po urcité dobé& pro-
vozu tedy mohou byt napjatostni poméry ve stykové
ploSe takové, Ze mez kluzu nebude pfekralovéna. Z vy-
sledkd vypoctu je zfejmé, Ze béhem provozu je kladka
znatn€ namahana.

3. Pro sniZeni napjatosti v kladce jsou moZné tato
opatieni:

— nahradit délenou kladku kladkou nedélenou,

— zvySit mez kluzu materidlu kladky i kulisy,

— zvétsit polomér kladky,

— zvétsit délku raménka s kladkou a zakfiveni kulisy,
zmensSit délku shrnovacich prstu.
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VYHODNOCENI ENERGETICKYCH A VYKONNOSTNICH
PARAMETRU SOUPRAV NA ZPRACOVANI PUDY

EVALUATION OF ENERGY AND PERFORMANCE PARAMETERS
OF AGGREGATES FOR SOIL CULTIVATION

P. Sedlak, F. Bauer

University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: Based on field experiments the contribution presents evaluation of energy and performance parameters of used
aggregates for basic soil preparation, in concrete terms aggregates tractor-plough and tractor-combined loosener. The follow-
ing parameters were measured in field tests: tractive force, fuel consumption, speed of aggregate and other values. Graph
presents performance, specific fuel consumption, resistivity. Experiments confirmed economic advantage of the use of
combined loosener when compared with traditional tillage (Fig. 2). Especially advantageous is gained performance of com-
bined loosener which in a short period of time makes possible to accomplish basic soil preparation for winter wheat, including
marked savings of oil than with traditional medium deep ploughing by furrow plough (Figs 3 and 4). Present conditions of
market economy force agricultural enterprises into reduced, among other things, inputs into plant production. One of the ways
consists in basic soil cultivation to winter wheat by combined loosener which reduces fuel consumption to mere 35.4%
compared with traditional sowing ploughing by furrow plough. Another advantage of the use of combined loosener is its high
performance per area. For this reason the basic soil preparation by combined loosener to winter wheat can be recommended
despite conclusive decrease in yields. Lower yield in this way of soil cultivation, compared with traditional sowing ploughing,
is compensated by economic savings gained.

soil preparation; tractor; plough; combined loosener; economic advantage

ABSTRAKT: Na ziklad¢ terénnich zkoudek jsme vyhodnotili energetické a vykonnostni parametry souprav pouZitych k zi-
kladni pfipravé pidy, konkrétné soupravy traktor-pluh a traktor-kombinovany kypfi¢. Pfi terénnich zkoukdch se méfila
tahovi sila, spotfeba paliva, rychlost soupravy a dal$i hodnoty. Graficky je vyhodnocena vykonnost, mérna spotfeba paliva
a mé&ry odpor. Pfi porovnani s klasickou orbou prokazaly zkousky ekonomickou vyhodnost pouZiti kombinovaného kypfice.
Zv1a¥t¢ vyhodna je dosahovana vykonnost kombinovaného kypfice, ktery umoZiiuje jednak v podstatné krat§im Casovém
obdobi oSetfit pidu po sklizni obilovin, jednak vyznamné uspofit naftu.

pfiprava pudy; traktor; pluh; kombinovany kypfi¢; ekonomickd vyhodnost

UvoD posouzeni je mozZné si zvolit vhodné stroje a néiadi,

aby se doséhlo poZzadovaného technologického vysled-

Vzhledem k vyznamu pro vynos plodin a sou¢asné pro
ekonomickou naro¢nost patfi zakladni zpracovani pudy
k duleZitym a sledovanym oblastem agrotechniky.

Kvalitni orbu pro jeji komplexni pisobeni na pidni
prostiedi nelze jinym dkonem ve zpracovani pidy zcela
nahradit (Skoda, 1991). Ostatni nafadi a stroje plni
jenom jednotlivé funkce orby. Pouze orebni téleso pfi
jedné operaci piidu soudasn& kypfi, drobi, misi a obraci
v celé zpracovatelné &asti orni¢niho profilu, a vyznam-
né tak méni fyzikalni, agrochemické a biologické vlast-
nosti ornice.

Pfesto viak technologické postupy, které pfi zpraco-
vani pudy nahrazuji orbu, maji svoje opodstatnéni. Ne-
Ize je oviem zavadét univerzalng. Jejich uplatnéni musi
vychazet z poZadavkl plodin a mistnich pidnich a kli-
matickych podminek. Teprve na zakladé objektivniho
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ku. Jen tak pfinaSi navrZeny zpusob zpracovéini pidy
oCekdvany ekonomicky a ekologicky efekt.

V &lanku piedkldddme vysledky terénniho méfeni
radli¢ného pluhu a kombinovaného kypfice. Cilem mé-
feni bylo stanovit a porovnat jejich energetické a vy-
konnostni parametry pfi zdkladni pfipravé pudy k ozi-
mé p3enici. Hodnocena byla i pusobnost obou zpuisobi
zpracovéni pudy na vynos této obiloviny. Polni pokusy
véetné terénnich méfeni provedl Ustav zem&d&lské
techniky agronomické fakulty Mendelovy zemédélské
a lesnické univerzity v Brné na pozemcich ZD Stfelice.

METODA

K méfeni sledovanych parametri price radli¢ného
pluhu a kombinovaného kypfi¢e byl pouZit tazny trak-
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tor Zetor 16245 a souprava tvofend traktorem Zetor
10145 s pfipojenym pluhem, nebo kypfi¢em (obr. 1).
U traktoru Z 10145 byl zafazen neutrél, motor pracoval
v nastaveném reZimu a regulacni systém hydrauliky
pracoval pfi viech méfenich na regulaci polohovou.
Bylo dbino na to, aby motor traktoru Z 16245 pracoval
pii vSech méfenich ve stejném reZimu otacek (2 100 az
2 250 ot. min~!). Zkousky byly provedeny po sklizni
predplodiny, kterou byl je¢men jarni. Vlhkost pudy
podle hmotnosti Cinila v dob& méfeni 15,5 %.

1. Méfeni tahového odporu kombinovaného kypfice — Measurement
of tractive resistance of combined loosener

Byly méfeny nésledujici parametry: mérny odpor,
mérnd spotieba paliva a vykonnost jednotlivych sou-
prav.

Méieni pracovni hloubky a zibéru kombinovaného
kypfice

Pied prujezdem soupravy byly ve dvouapulmetro-
vych intervalech po obou stranich méficiho tseku za-
tluéeny a vyrovnany do vodorovné polohy koliky, na
které se umistila lat. Od vodorovné laté¢ byla méfena
vzdilenost k povrchu pole (/,,). Po projeti soupravy
byla nakypfend pida odkryta a méfeni se opakovalo
stejnym zpusobem a ve stejnych intervalech ke dnu

brazdy (/,). Pramérné hodnoty pracovni hloubky kyp-
fi¢e (h) jsou uvedeny v tab. 1.
Pracovni hloubka kypfie se vypodte ze vztahu:

h=1,-1,, (m)

o
kde: Iy - vzdilenost od lat& ke dnu brazdy (m)
1,, = vzdilenost od lat& k povrchu pole (m)

po

Méreni pracovni hloubky a zdbéru pluhu

Pracovni hloubka a zabér se méfily a vyhodnocova-
ly podle ON 47 0169 a ON 47 0166.

Cas potfebny na projeti orebni soupravy méficim
usekem se méfil stopkami s pfesnosti na 0,1 s.

Spotfeba paliva byla m&fena méficim piistrojem
FLOWTRONIC-205, doplnénym o FLOWIJET-VEN-
TIL 4703.

Méfeni tahového odporu soupravy

Za tcelem zméfeni tahového odporu soupravy s plu-
hem a soupravy s kombinovanym kypfi¢em byl traktor
Zetor 10145 agregovan s nesenym tfiradlicnym plu-
hem, nebo s kombinovanym kypfi¢em. Souprava byla
taZena traktorem Zetor 16245 a pomoci tenzometrické-
ho snimace byla méfena sila potfebn4 k taZeni soupra-
vy. Udaje tenzometrického snimace byly ukladiny do
paméti méficiho pocitace. Z takto zjisténych adaji byly
vypolteny Casy méfeni a primérné, minimélni a maxi-
mélni hodnoty tahové sily. Obdobné se méfil valivy
odpor. Méficim tsekem byla souprava taZzena se zved-
nutym nafadim.

VYPOCET ENERGETICKYCH A VYKONNOSTNICH
PARAMETRU

Z naméfenych hodnot byl vypoéten tahovy odpor
stroje:

F=Fpg-Fy (kN)

I. Mé&ieni energetickych a vykonnostnich parametri — souprava Z 16245, Z 10145 + kombinovany kypfi¢ (ZD Stielice, pozemek Utopend;
regulace hydrauliky polohovd) — Measurement of power and output parameters - aggregate Z 16245, Z 10145 + composite cultivator;
Co-operative Farm Stfelice; field Utopend; position control of hydraulics

Gislo Prncovr’u’ Praco:'ni C‘af‘ Sp.olhzﬂbu Sila® Rychlost” | Vykonnost® Mém:@ sgf)lf'cba Mérl\j (I)(t'lpur

- .1 | hloubka® h | zibér' B T paliva’ Q F v w paliva” Qo stroje'” k

mtent (m) (m) (s) (ml) (kN) (km.h™") (ms™h (ml.m™) (kPa)
3 0,24 3 13,1 119 19,207 9.61 1,923 4,67 26,67
4 0,22 3 14,7 118 19,337 8,57 1,571 5.10 29.29
5 0,22 3 13,7 118 20,625 9,19 1,686 5,10 31,25
6 0,21 ) 15,6 127 19,685 8,07 1,413 575 31,24
7 0,21 3 133 100 20,061 9,47 1,657 4,53 31,84 -
8 0,22 3 153 105 18,025 8,23 1,509 4,54 27,31
9 0,22 3 12,8 119 18,101 9,84 1,804 5,15 27,42

Pramér'! 0,22 3 14,07 115,1 19,292 8,997 1,652 4,977 29,289

5 . S, . 6 7 8 :
'measurement No., zworking depth, qurkmg engagement, *time, >fuel consumption, “force, ‘speed, "efficiency,

10,
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specific resistance of machine, ""average

9 ; .
“specific fuel consumption,
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a mérny odpor stroje ze vztahu

kde: k- mé&my odpor stroje (kPa)
Frg — odpor soupravy (kN)
F, - valivy odpor (kN)
F - odpor pluhu nebo kypfice (kN)
B - pracovni zdbér stroje (m)
h - pracovni hloubka stroje (m)

Mérné spotieba paliva (Q,) byla vypotitana podle
vztahu:

Q=g pg @m)
kde: Om— naméfend spotfeba paliva potiebnd na projeti méficim
disekem (ml)
B - zibér stroje (m)
h ~ pracovni hloubka stroje (m)
L - délka me&ficiho uiseku (m)

Pro vypolet vykonnosti (W) soupravy byl pouZit
vztah

W= (m*s™)

B.h.L
T
kde: T - &as potfebny na projeti méficim dsekem (s)

Charakteristika mista pokusu

Pudu pokusného pozemku tvofi ¢ernozem degrado-
vani (CMd), zrnitostné jilovita, padotvornym substra-
tem je spra¥. Dani lokalita je v fepai'ském vyrobnim
typu. Rok 1993 byl sraZkové i teplotné normalni, roéni
tihrn sraZek Cinil 456 mm, primérna roni teplota byla
8,4 °C.

Pokusné varianty

Varianta I: zpracovéni pudy kombinovanym kypfi-
¢em, termin provedeni prvni dekada v zafi, hloubka
kypfeni 20 cm.

Varianta II: zpracovani pidy radli€énym pluhem, ter-
min provedeni prvni dekdda v zafi, hloubka orby
20 cm.

Predselova priprava pudy byla provedena v obou
variantich stejné rotatnimi branami Lely rotera. Plocha
jednotlivych pokusnych parcel byla jeden hektar. KaZ-
da pokusna varianta byla zaloZena ve Etyfech opakové-
nich. Celkové plocha pokusti &inila 8 ha (1 ha x 2 va-
rianty x 4 opakovini).

Pokusnd plodina

Pokusnou plodinou byla p3enice ozim4, odrida
HANA. Byla zaseta v prvni fijnové dekadé roku 1993.
Vysev &inil 4,5 mil kli¢ivych semen na 1 ha. Po zaseti
byla p¥enice zavlilena a nasledné uvélena. Sklizen
sklizeci mlatickou E 512 se uskute¢nila 26. Cervence
1994.

VYSLEDKY

Pfi hodnoceni energetickych a vykonnostnich para-
metrii u sledovanych variant zakladniho zpracovéni
pudy kombinovanym kypfi¢em a radli¢nym pluhem
(var. I a IT) byly ve srovnatelnych podminkach zjidté€ny
odli¥né vysledky .

Ze ziskanych &iselnych ddaju vyplyva, Ze pramérny
mérny odpor pfi zpracovani pudy kombinovanym kyp-
ficem na hloubku 20 cm ¢&inil 29,3 kPa (tab. I). TentyZ
ukazatel pfi orb& radli¢nym pluhem na stejnou hloubku
byl vice neZ dvojnisobné vysSi a dosahl hodnoty
64,0 kPa (tab. II a obr. 2). Vét§i mérny orebni odpor
pfi zakladnim zpracovéni pidy orbou se projevil ve
vy3Si energetické narocnosti orby, kterou vyjadfujeme
mérnou spotiebou paliva (Q,). Mérna spotieba paliva
pfedstavuje jeho mnoZstvi spotfebované na m? zorané,
nebo kombinovanym kypfi¢em zpracované pudy.

Pri zakladnim zpracovéni pady kombinovanym kyp-
fi¢em (var. I) byla naméfena primérnd mérné spotieba

I1. Mé&feni energetickych a vykonnostnich parametrii pluhu — orebni souprava Z 16245 + Z 10145 + tiiradli¢ny pluh (ZD Stielice, pozemek
Utopend) — Measurement of power and output parameters of plough - tillage aggregate Z 16245 + Z 10145 + mouldboard plough (Co-ope-

rative Farm Stfelice, field Utopend)

Cislo ol Pmcovng Pracovni | Cas’ Spquesbn Sila’ | Rychlost® | Vykonnost’ Mém_.f:s" tfeba | Mérny (leipor
méteni! a? | hloubka® | zber! B T paliva® Q F v paliva’™ Qo stroje'" k
h (m) (m) (s) (ml) (kN) (kmh™") | (m's™!) (ml.m—3) (kPa)
12 L 0,2 1,068 16,2 135 14,804 8,57 0,508 15,81 69,307
17 P 0,24 1,04 16,3 123 15,077 8,83 0,612 12,32 60,404
18 L 0,2 1,03 16,3 122 13,253 8,83 0,505 14,80 64,334
23 P 0,21 0,981 16,0 118 13,632 9,00 0,515 14,32 66.171
24 L 0,22 1,07 16,6 133 14,909 8,67 0,567 14,12 63,335
29 P 0,23 1,03 16,2 122 14,333 8,88 0,585 12,88 60,502
Priimér'? 0,217 1,037 16,267 125,5 14,335 8,797 0,549 14,042 64,009

L - orba vlevo — left tillage, P — orba vpravo - right tillage
1
of
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2. Mé&ry odpor k (kPa) radli¢ného pluhu a kombinovaného kypfice —
Resistivity k (kPa) of furrow plough and combined loosener

mérny odpor - resistivity, ¢islo méfeni — measurement No., primér -
mean, pluh - plough, kypfi¢ — loosener

paliva 4,97 ml.m™, pii orbé& radli¢cnym pluhem (var. II)
14,04 ml.m™ zpracované pudy (tab. I a II). Rozdil
9,07 ml paliva predstavuje u orby pluhem spotiebu
nafty zvySenou o 64,6 % ve srovnani se zpracovanim
piudy na stejnou hloubku kombinovanym kypfi¢em
(obr. 3). Je viak tieba vzit v dvahu, Ze dno vrstvy pidy
prokypiené kombinovanym kypfi¢em nebylo tak rovné
jako pfi orbé.

Dal$im sledovanym parametrem byla vykonnost
soupravy pouZité pii zdkladni pfipravé pidy u obou
variant (obr. 4). Z naméienych vysledki vyplyva, Ze
vykonnost kombinovaného kypfi¢e je ve srovnani
s radli¢nym pluhem trojnasobna.

Mimo hodnoceni energetickych a vykonnostnich pa-
rametri byl u obou pouZitych zpisobi zikladniho zpra-

Mima spotfeba Q (mmS)

2 7T B A u D
3 4 5 6 7 8 0
&islo milfeni

3. Mérna spotieba paliva Q (ml.m®) soupravy s radliénym pluhem
a kombinovanym kypfi¢em — Specific fuel consumption (Q (ml.m?)
of aggregate with furrow plough and combined loosener
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covani pudy sledovian i jejich vliv na vynos zrna ozimé
pSenice. DosaZené vynosové vysledky v ramci zaloZe-
ného polniho pokusu dokumentuje tab. IIL

Primérné vynosy zrna ozimé pSenice, prepoctené na
stejnou 15% vlhkost zrna a vypoctené ze Etyf opakovi-
ni byly vysSi pfi zpracovani pidy setovou orbou do
hloubky 20 cm (var. IIT). Na rozdil od varianty I, u které
zpracovani pudy spodivalo v kypfeni pidy kypfi¢em,
vykazoval primérny vynos zrna zvyseni o 7,24 %.

DISKUSE

Snahy nahradit klasickou orbu pfi zakladnim zpra-
covéni pudy vedly v minulosti k uplatiovani alterna-
tivnich systémi obdélavani pidy bez orby. V posledni
dobé doporucované systémy omezeného zpracovani
pudy, véetné uplatnéni bezorebného seti, potvrdily —
zejména u ozimé pSenice péstované v susSich a teplej-
Sich oblastech CR — svoje opodstatnéni. Prokazuji to
drivéjsi sdéleni autort Homolka (1971), Stra-
fidk (1971), Novacek (1973). Novéji ve vztahu
k ochrané pudy informuji o téchto otizkich Sufke-
vi¢ (1993), Hudcova (1993) a dalsi.

Kromé péstitelskych vyhod lze za prednost novych
systému zpracovéani pudy povaZovat i vyhody ekono-
mické, spotivajici ve vyznamné uspore nakladi na za-
kladni zpracovani pudy. Dokazuje to i ndmi prokdzana
nizZ3i energeticka naro&nost zakladni pfipravy pudy pod
ozimou pSenici provedené kombinovanym kypfi¢em
a jeji srovnani s vyznamné vysSi energetickou néroc-
nosti sefové orby. Spotfeba nafty na zakladni zpraco-
vani pudy kombinovanym kypfi¢em dosahla pouhych
35,4 % spotieby vykazané na stejnou hloubku sefové
orby radli¢énym pluhem. Dalsi vyhodou kombinované-
ho kypfice je jeho vysoka vykonnost, kterd umoziiuje
ve srovnéni s orbou zpracovat pudu v podstatné kratsi
dob&. Na zdkladé naSeho méfeni vychazi praimérny pfi-

= |
5

- o o A

V§konnost W (mSa)

3 4 5 o 7 8 0
’2 7T B a u 2
Cislo mifen!

4. Vykonnost W (m*s™") soupravy s radli¢nym pluhem a kombino-
vanym kypfi¢em — Performance W (m3.s'l) of agregate with furrow
plough and combined loosener
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III. Vynosy zrna ozimé pSenice pfi zdkladnim zpracovani pudy podle varianty 1 a II (l.ha") — Winter wheat grain yields at basic soil

cultivation after treatments I and 11 (Lha"')

Onakovini?
Pokusn4 varianta' pRoa Primér
| 2 3 4
1 5,200 5,150 5,450 5424 5.306
11 5,590 5,705 5,710 5,755 5,690

'expen'mcntul treatment, zrcplication‘ ]avemge

kon kombinovaného kyprice 16,1 kW na metr zabéru,
u pluhu 33,8 kW, coZ je ve shodé s tdaji, které uvadi
Metzner (1995).

V rozporu s nékterymi pracemi, které potvrzuji po-
zitivni vliv omezenych zpusobl zpracovani pudy na
vynos obilovin, byl vynos u varianty I (kypfeni kom-
binovanym kypfi¢em) pfes dosaZené ekonomické tspo-
ry o 0,384 tha™' niZi nez u varianty II (sefova orba
radli¢nym pluhem). Potvrdila se tak piisobnost orby na
zlepSeni pudniho prostfedi pro rostliny, charak-
terizovaného mimo jiné stavem fyzikalnich, agroche-
mickych a biologickych vlastnosti ornice. Nezastupi-
telnost orby v tomto smyslu potvrzuje Skoda
(1991).

ZAVER

Soudasné podminky trZniho hospodafstvi nuti zemé-
délské podniky kromé jiného omezovat vstupy do rostlin-
né vyroby. Jednu z moZnych cest piedstavuje i zdkladni
zpracovéni piidy k ozimé p3enici kombinovanym kyp-
fiCem, které pfi srovnani s klasickou sefovou orbou
radli¢cnym pluhem sniZuje spotfebu paliva na pouhych
35,4 %. Dalsi vyhodou pouZiti kombinovaného kypfice
je i jeho vysoka plo§na vykonnost.

To jsou duvody, pro které lze za uréitych podminek
tento zpusob zakladni pfipravy piudy k ozimé pSenici

doporucit. Pfipadné méné vyznamné sniZeni vynosi je
kompenzovano tsporou paliva.
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FLAME AND MECHANICAL CULTIVATION FOR WEED
CONTROL

NICENIE BURINY MECHANICKOU KULTIVACIOU A UCINKOM
PLAMENA

M. N. Rifai', T. Zikla, M. Mojzig’

'Nova Scotia Agricultural College, Truro, Canada
2University of Agriculture, Nitra, Slovak Republic

ABSTRACT: The results from this study suggest that flaming cultivation would not be very competitive in areas where
herbicides and conventional cultivation give satisfactory control of weeds. Chemicals gave the most effective weed control
and the highest yield data due to their selectivity and ability to move throughout the weed to control its underground portions
as well as its above-ground parts. Flaming should be considered as a preventive method, and weeds should be controlled as
soon as they appear in the crop. Flaming weeds without crop damage becomes increasingly difficult as the weeds grow larger
and together. Nor should flaming be considered a cure-all for every crop. Its most promising use may be as a supplement to
herbicides or mechanical cultivation for better weed control. The number of weeds and the amount of time required for hand
weeding, while flaming in onions and carrots trials, were the lowest with 3 km/h. Field experiments were conducted to
determine the effect of wind speed on temperature of the burners. The temperature patterns for 1, 2, and 2.5 bar were
compared. The data indicate that the best heat distribution was at a pressure of 2.5 bar.

vegetables; flame weeding; mechanical weeding; brush hoe

ABSTRAKT: Dosiahnuté vysledky z tohto pokusu naznacuju, Ze spalovacia technika burin plamefiom neméZe konkurovat
v oblasti, kde s herbicidmi a tradiciondlnymi kultiviciami moZno dosiahnuf dostato&né zniZenie burin. PouZitie herbicidov
buriny bolo najefektivnejsie na kontrolu burin a tieZ boli dosiahnuté najlepSie vysledky pri zbere, vzhladom na schopnost
ni¢it nadzemné aj podzemné Casti burin. Spalovanie burin by mala byt preventivna metéda a buriny by mali byt znicené,
akondhle vzidu v poraste. Spalovanie bez toho, aby doslo k poskodeniu porastu, bude extrémne (aZké, ked buriny budi velké
a zapojené v poraste. Spalovanie nie je vhodné pre kaZdi plodinu na nienie burin. Plamefi je vhodny predovietkym ako
doplnkova metéda na kontrolu burin v kombindcii s tradinymi metédami. Poget burin a as potrebny na ru¢né odstrafiovanie
burin v porastoch cibule aj mrkve, ktoré boli tepelne o¥etrované, boli najniZSie pri rychlosti pojazdu 3 km/h. V polnych
pokusoch bol sledovany vplyv rychlosti vetra na teplotu hordka. Teploty boli merané a porovnané pri tlaku 1, 2 a 2,5 barov.
Z vysledkov bolo dokizané, Ze najlepdia distribicia tepla bola dosiahnuta pri tlaku 2,5 barov.

zelenina; ofetrovanie burin: plamefiom, mechanickymi strojmi, kefkovym kultivitorom

INTRODUCTION

Flame weeding has been a controversial issue since
it was introduced 58 years ago in North America. To-
day it is more serious topic than ever. The idea behind
flame weeding is to kill weeds with an intensive wave
of heat, without disturbing the soil or harming the crop
root system. Since all plants are composed of tiny cells
filled largely with water, a thin blast of heat directed at
the stalk will boil the water within the cell. The pressure
generated by this expanding water will then explode the
cell itself, rupturing a cross section of the stalk. When
this happens, plant food and water cannot move from
roots to leaves and the plant withers and dies.
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In order to rupture the cells, temperature within the
cell must reach 100 °C for a period of about one-tenth
of a second (Mattsson et al., 1989). Here lies the
entire key to successful flaming. As a plant grows it
develops an outer skin or bark that protects it from heat.
The thicker this skin and the larger the plant the more
heat required to boil the cell moisture.

The trick is to apply heat when weeds are small. To
accomplish this, three methods are used: selective flam-
ing, nonselective flaming, and pre-emergence flaming.
In selective flaming the flame is usually directed across
the crop row. If the crop is larger than the weed, with
a more fully developed protective skin, the heat can kill
the weed without damaging the crop. The heat is con-
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trolled by varying the speed at which the flame is
passed over the field, and the position of the burner
with respect to the plant. If the difference between pro-
tective covers of the crop and the weed are more criti-
cal, selectivity is obtained by directing the flame pat-
tern towards the weeds and away from the crop. This
is usually accomplished by parallel flaming or by using
burners with more precisely controlled flame patterns.

In many cases the stage of weed growth will be too
similar to that of the crop to allow selective flaming.
Under this condition nonselective flaming is applied to
such crops on corn and onions. At an early stage of
growth the terminal buds of these crops are still below
ground. General flaming will kill both weeds and the
tops of the crops, but the crops will sprout back from
their terminal buds, usually with a head start on weeds.
From this point of view selective flaming can be used.

The third approach, pre-emergence flaming, is less
critical for all crops. If weeds have emerged before the
crop, they can be flamed back while the crop is still
protected by soil. With weed growth retarded the crop
can get a headstart. Selective flaming can then be used
to keep the weeds under control.

With burners adjusted to manufacturer’s recommen-
dations the tractor is driven down the row about
10 km/h. After thirty minutes the crop and weeds are
checked for killing. This is done by pressing a leaf
between the thumb and forefinger (Vester, 1986). If
killed, the plant leaf will show the fingerprint. If not,
speed is dropped by 1 km/h and the kill again checked.
This continues until the speed is sufficient to prevent
damage to the crop and still kill the weed. This will
usually be a speed of 2—4 km/h. If both weeds and corn
are at the same stage of growth the entire field can be
flamed off. After the corn grows back selective flaming
is used each time the weeds reach a height of one and
one-half inches. Usually the corn is six to ten inches
high at this point. In some cases fine flamings may be
required during the season.

According to Ascard (1989) in onion sets the
weed control could be managed with three flamings
until end of June, after which hand-weeding was
needed. With three flamings the labour requirement
was considerably lower than with chemical control. In
seeded onions the labour requirement was more than
twice as much with thermal than when chemical
method was used. In few crops, such as potatoes, corn
and onion, all or most of the weeds can be managed
without hand-weeding by means of mechanical and
thermal methods (Geier, Vogtmann, 1986a, b;
Vester, 1987).

Parish (1989) conducted laboratory tests on rye-
grass and mustard plants and he found that the effect
of gas burner depended on its design and angle to the
horizontal, and from his tests it was determined that the
height of the burner above the ground controlled the
effect on ryegrass but not on mustard.

Bertram (1992) studied the heat transfer from the
weed flamers to the plant and the factors which have
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effect on it. A mathematical model of flame formation
was developed and used to determine the influence of
different equipment designs on heat flows under
a cover.

Geier and Vogtmann (1986) tested and com-
pared row brush hoe with other hoeing equipment.
They found that the efficiency in destroying weeds with
this machine is a lot better than common hoeing sys-
tems. According to Kress (1987), despite a fine and
loose top layer that the brush hoe will form, there
seems to be no danger of soil erosion.

Flaming seems to be headed for more widespread
use in some areas. It is not the mysterious gremlin as
it was a few years ago, and new equipment coupled
with increased experience promises to make it an even
more effective method of controlling weeds. This is
particularly true in high labours crops such as vegeta-
bles.

How good is flame weeding? The best answer is that
it is not quite as good as the industry maintains, but
much better than was generally believed a few years
ago. If flaming is to be effective a few points should
be considered. First, the farmer must know very well
his equipment and must follow the manufacturer’s re-
commendations. Flaming is a precise, finely balanced
operation and cannot be used by every hired hand who
comes along. Flame cultivation may have more poten-
tial in the drier areas where pre-emergence herbicides
have been less effective.

What are the advantages of flame weeding? Sup-
porters point out that soil is undisturbed and crop root
systems are not damaged. Deeper moist soil is not
turned up for exposure to the air and loss of moisture.
Of major importance to weed control, the flaming pro-
ponents say, is the fact that weed seeds are left deep in
the soil rather than being plowed to surface, and fewer
of them will germinate during the season. Flaming can
be carried out in to a field that is too wet for mechanical
cultivation, controlling weeds before they get out of
hand. Flaming also eliminates chemical residues in the
soil that might cause troubles for later crops.

Power requirements are much lower than with con-
ventional cultivation, allowing use of smaller tractors
and greater fuel economy.

METHODS AND MATERIALS

Seven treatments were used in corn:
Treatment #1: control

Treatment #2: Atrazine

Treatment #3: flaming

Treatment #4: brushes

Treatment #5: flaming/brushes
Treatment #6: Atrazine/flaming
Treatment #7: Atrazine/brushes

Atrazine was applied at a rate of 1.2 kg/ha using
a CO, backpack sprayer. Flaming was done using the
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Liquid Propane Gas Weeder Reinert and brushing was
done with the Forbo Brush Hoe. Each plot was repli-
cated four times resulting in 28 test plots each 3 m by
8 m with four rows in each plot. There was a 5 m space
between each replicate. The whole experiment was set
up in a completely randomized block design. The weed
population counts were performed by establishing four
permanent quadrants each 50 cm by 50 ¢cm in each plot.
Two were placed within the row and other two were
placed between the two test rows. Counts were taken
from emergence of the weeds up until and including
harvest. These counts were taken biweekly counting the
number of individual weed species which then was
converted to number of individual weed species per m2.
At harvest, the number of cobs, their individual length
and the weight of the harvested sweet corn was taken.
This was done by picking the inner six meters of the
two set rows, Statistical analysis was performed on this
data using the Pesticide Research Manager Program to
perform an analysis of variance and a means separation
by Tukey’s studentized range test to detect differences
between treatments.

Five treatments were used in onions:
Treatment #1: untreated control

Treatment #2: Pendimethalin 330 EC
Treatment #3: Flaming 2X

Treatment #4: Flaming 3X

Treatment #5: Pendmethalin 330 EC/flaming

Five treatments were used in carrots:
Treatment #1: untreated control
Treatment #2: Linuron 50 WP
Treatment #3: Flaming 2X
Treatment #4: one flaming/Linuron
Treatment #5: two flamings/Linuron

Three different tractor speeds and three angles of
flame were also used in onions and carrots. The func-
tional performance of the flame weeder and the mecha-
nical brush cultivator was evaluated for ease of opera-
tion and adjustment, rate of work, power requirements
and quality of work. QuickLog data acquisition and
control software for PC-DOS Compatible Computers
was used to measure flame temperature and wind
speed.

RESULTS AND DISCUSSION

Overall results showed that atrazine was the most
effective treatment. Numerically, atrazine reduced the
overall weed population better than the mechanical
means of control. The main weed species present were
redroot pigweed (Amaranthus retroflexus), lamb’s
quarters (Chenopodium album), pineapple weed (Ma-
tricaria matricarioides) and annual bluegrass (Poa an-
nua). The brushes and flaming were not able to control
pineapple weed and the annual bluegrass. Atrazine had
the highest yield (number of cobs), the greatest yield
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2. Number of weeds per square meter in onion trials

weight and the greatest average length of each cob har-
vested. Atrazine had a significantly higher amount of
cobs harvested than brushes. Flaming proved to yield
a significantly lower average length of the cobs than
the other treatments. The combination of atrazine and
brushes also showed better control results and harvest
data when compared to brushes and flaming alone.
There was also no significant difference of the weed
populations within and between the rows.

Atrazine gave the most effective weed control and
the highest yield data due to its selectivity and ability
to move throughout the weed to control its under-
ground portions as well as its aboveground parts. Flam-
ing and brushing gave short term control but could not
control the germinating weed species throughout the
season. Flaming caused a delay in the maturity of the
corn crop which was seen by its low cob yield, average
length and weight (Fig. 1). The combination of atrazine
and brushes allowed for control of those-weeds that
escaped the herbicide treatment or that were triazine
resistant. The use of these mechanical brushes would
be useful in combination with triazine herbicides in a
triazine resistant management strategy.

111



3km/he - 15 min

P,
4 km - 23 min 21,0%

32,0%

3. Number of weeds per square meter and the required hand weeding
in onions at three different flaming speeds

I kmv - 15 mn

/s
4 km/he - 26 min 19,0%

34.0%

4. Number of weeds per square meter and the required hand weeding
in carrots at three different flaming speeds

Normally well suited to flaming, onions are fairly
resistant to heat, and may be knocked back with the first
flaming, particularly if it is less than 5 cm high. After this
it should be more resistant than weeds and flaming will
be less critical. Treatment #4 with three flamings had
lower weed density than treatment #3 with two flamings.
Flaming treatments in this study had less value than her-
bicides treatment. However, this must be considered as
the first report only. In our tests weeds showed higher
densities with flame treatments when compared to chemi-
cal treatments as illustrated in Fig. 2.
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Lower tractor speeds while flaming in onions re-
sulted in lower weed densities and required hand weed-
ing as it is shown in Fig. 3. Similar results were ob-
tained in carrot trials as illustrated in Fig. 4 .

Field experiments were conducted to determine the
effect of wind speed on temperature of the burners.
Fig. 5 shows that the higher the wind speed the lower
the temperature of the burners were recorded. Hope-
fully in the near future we will try to come up with a
certain recommendations or equation for the farmers to
use in order to maintain 100 °C the recommended tem-
perature to eliminate the weeds. For every wind speed
there will be a specific recommendation to what pres-
sure and what tractor speed should be used.

Measurements of temperature at different gas pres-
sure were conducted to determine the best heat distri-
bution. The data indicates that the best heat distribution
was obtained at a pressure of 2.5 bar (Fig 6).
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CONCLUSIONS

The tests of this one year study indicate that flaming
may find an important spot in a weed-control program
for corn onions and carrot. Flaming promises to be
more attractive as an added weed-control method rather
than a replacement for standard cultivation.

In sweet corn Atrazine gave the most effective weed
control and the highest yield. Flaming and brushing
gave short term control but could not control the ger-
minating weed species throughout the season. Flaming
caused a delay in the maturity of the corn crop which
was seen by its low cob yield, average length and
weight. The combination of atrazine and brushes al-
lowed for control of those weeds that escaped herbicide
treatment or that were triazine resistant. The use of
these mechanical brushed would be useful in combina-
tion with triazine herbicides in a triazine resistant ma-
nagement strategy.

The chemical treatment in seeded onions and carrots
gave the lowest weed densities when compared to
flame weeding. However, flame weed control should
not be overlooked as a part of an integrated weed con-
trol program with herbicides to help control escaped
and herbicide resistant weed species. It should be im-
mediately apparent that flaming is not a once-over op-
eration. Nor does it completely eliminate weeds that
grow again from their root systems. The same weeds
may require five or six flamings per year.

Flame cultivation has more room to be used in all
organic farms with considerable vegetable areas. Fur-
thermore, flame cultivation is of interest in relation to
the production of the so-called pesticide-free vegeta-
bles for infant food and public institutions.

Flaming equipment is relatively expensive at this
time but the situation may change. If flaming continues
to grow, more businesses will make possible more ef-
ficient production lines and more competition, two fac-
tors that exert downward pressure on prices.

In the case that satisfactory implements for flame
cultivation with an acceptable working capacity are de-
veloped and marketed, flame cultivation will also be of
interest as a supplement to chemical weed control.

These experiments will continue for the next two
growing seasons. A combination of sweeps and flame,
in the three crops will be used. The middle of the rows
will be cleaned with sweeps while flame destroys
weeds in the row. This new method will be evaluated
and compared to other methods. Hopefully, with this
method the LP-Gas bill will be lower and will give
a good weed control.
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VLIV ZPETNEHO VYUZIVANI TEPLA VETRACIHO
VZDUCHU ZE STAJI NA MERNE SPOTREBY ENERGIE

THE EFFECT OF HEAT REUTILIZATION OF VENTILATED AIR
FROM STABLES ON ENERGY CONSUMPTION

R. Adamovsky

Czech Agricultural University, Praha, Czech Republic

ABSTRACT: Knowledge of present and designed energy consumption is a necessary prerequisite for design and economic
assessment of technical, organization and other measures whose aim is to reduce energy consumption. Under standard
conditions of external and internal environment the contribution compares installed outputs and specific consumption for
heating and ventilation of farrowing pens for sows with piglets in a conventional system and energy systems using secondary
heat of ventilated air by plate recuperation exchangers RVD A 10 (manufactured by Sumstav, a.s., Cesky Krumlov), exchan-
gers from gravitational heat tubes ZV 3-030 (manufactured by ZD Hrani¢af, Mrikov, DomaZlice district) and heat pump
air-water. From Fig. 1 which presents installed outputs of heat sources for heating and electromotors of ventilation systems
the following factors can be seen: reduction of required heating output, proportional efficiency of the use of secondary heat
of ventilated air and growth of electromotors of fans following from higher pressure losses and greater number of fans. In
energy system with heat pump the heating output is an output of compressor-driven electromotor. Specific monthly consum-
ption of fuels and energy converted from average annual values per sow is in Fig. 2. Marked reduction of fuel consumption
in heating compared with conventional energy system follows from the results. It attains 44.6% for exchangers RVD A 10
and 61.8% for exchanger 3-030. On the contrary, electric energy consumption increases 1.6 times in plate exchangers and
6.2 times in exchangers from gravitation heat tubes. Dimensions marked in Fig. 2 show total decrease in fuel consumption
and electric energy compared with the traditional energy system. Maximum drop by 312.14 MJ.unit can be attained in energy
system with heat pump but specific consumption of electric energy is more than 10 times of consumption in conventional
energy system. Except purchase costs economic effectiveness of the system is principally affected by the growth of specific
consumption of electric energy. From this aspect (Tab. I) energy system with plate recuperation exchangers RVD A 10 seems
to be economically acceptable in solving the savings of brown coal and natural gas. The usage of recuperation exchangers
from gravitational heating tubes ZV 3-030 is economically advantageous under the given conditions when consumption of
natural gas but not brown coal is reduced. The usage of heating pump only for heating is not economically efficient in long
heating period (more than 250 days per year) not even in reduction of natural gas consumption. Financial savings for fuel
and wages are basically eliminated by high price of electric energy for compressor drive and particularly by high purchase
costs which are in conversion 11.34 CZK per | W installed in heating pump manufactured in CR.

secondary energy; energy system; recuperation exchanger; heat tube; heating pump: specific consumption of energy

ABSTRAKT: V prispévku jsou porovnaviny instalované vykony a mémé spolieby energie pro vytapéni a vétrini objekti
poroden prasnic se selaty v klasickém energetickém systému a v energetickych systémech vyuZivajicich druhotné teplo
vétraciho vzduchu pomoci deskovych rekuperanich vyméniki, vyménikd z gravitatnich tepelnych trubic a tepelného &er-
padla vzduch - voda. Z vysledki vyplyva, Ze se spotfeba paliva pro vytdp&ni objekti ve srovndni s klasickym energetickym
systémem sniZi 0 44,6 % pfi pouZiti deskovych vyménika a 0 61,8 % u vyméniku z tepelnych trubic. Vlivem vy33ich tlako-
vych ztrit a vétSiho poétu ventildtorl se zvysi spotieba elektrické energie pro vétrini 1,6krit u deskovych vyméniku a 6,2krat
u vyménikii z tepelnych trubic. Maximalniho sniZeni celkové spotfeby paliv a energie o 312,14 MJ.ks™ se dosahne v ener-
getickém systému s tepelnym Eerpadlem. M&rnd spotieba elektrické energie se vSak pfi porovnéni s klasickym energetickym
systémem zvy3i vice neZ desetkrit. Z ekonomického hodnoceni vyplyva efektivnost vyuZiti deskovych rekuperaénich vymé-
nikil pfi sniZovani spotfeby zemniho plynu i hnédého uhli a vyméniki z gravitatnich tepelnych trubic pfi sniZovani spotieby
zemniho plynu. Energeticky systém vyuZivajici tepelné Eerpadlo jen pro vytdp&ni neni v tomto pfipadé ekonomicky efektivni.

druhotné energie; energeticky systém; rekupera¢ni vyménik; tepelna trubice; tepelné ¢erpadlo; mé&rnd spotieba energie
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UvoD

Znalost spotieby energie je zdkladni a nezbytnou
podminkou moZnosti navrhnout a ekonomicky zhodno-
tit technicka, organizacni i jina opatfeni, jejichZ ucelem
je sniZit spotiebu energie. Souc¢asné poznatky o mérné
energetické nédro¢nosti neumoZiiuji zcela objektivné
posoudit, zda a jakou mérou je urity energeticky sy-
stém efektivni. Tyto znalosti postradame zejména pfi
specifikaci dspor paliv a energie v investiéné néroc-
nych energetickych systémech vyuZivajicich obnovitel-
né a druhotné zdroje energie. Piispévek mé za cil po-
skytnout zikladni informace o metodé4ch pfistupu,
vysledcich vypocti a provoznich méfenich v pomérné
uzkém. ale energeticky velmi naro¢ném odvétvi Zivo-
¢i$né vyroby — v porodnédch prasnic se selaty.

Problematikou mérné spotfeby energie v objektech
Zivociiné vyroby se u nés zabyvali zejména pracovnici
Vyzkumného ustavu zemédélské techniky v Praze 6-
Repich (napt. Kosek etal, 1981; Ha%, Adamov-
sky 1983; Netik, 1983; Adamovsky, 1993).

METODA

Pfi stanoveni mérnych spotfeb paliv a elektrické
energie pro vytdpéni a vétrini objektd kojicich prasnic
se selaty vychazime z té€chto podminek:

1. vypo&tové hodnoty venkovniho a stijového vzduchu:

- vypoétova venkovni teplota t, = —15 °C

- vypottova teplota stajového vzduchu t; = 18 °C

— vypoctova relativni vlhkost stidjového vzduchu
9; =07

— pramérna hmotnost prasnic 225 kg.ks’I
2. tepelné-technické vlastnosti objekti:

— celodfevény konstrukéni systém BIOS-GN (vy-
robce Bios Sedléany); rozpon 10,3 m; délkovy
modul 6 m

- mérnd tepelnd ztrita prostupem g, = 0,993
w.m K

— mérna tepelnad ztrata pfirozenym vétranim g, =
0,116 W.m™>.K™!

3. technologie:

— bezstelivové porodni kotce o plose 3,87 m2ks™,
rozdélené na Cast pro prasnice a na prostory pro
selata na obou stranich, &aste¢né zaro§tovand po-
dlaha

— suché krmeni

— rovnotlaké vétrani

Spotieby tepla a elektrické energie jsou porovnava-
ny ve Ctyfech energetickych systémech:

1. klasicky energeticky systém,

2. energeticky systém s deskovymi rekuperaCnimi
vyméniky RVD A 10 (vyrobce Sumstav, a. s., Cesky
Krumlov),

3. energeticky systém s vyméniky z gravitacnich te-
pelnych trubic ZV 3-030 (vyrobce ZD HraniCar Mra-
kov, o. Domazlice),
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4. energeticky systém s tepelnym cerpadlem
vzduch — voda, vyuZivajicim tepla stajového vzduchu.
Meérné roCni spotieby tepla na jeden porodni kotec
w, byly vypocteny podle vztahu (1):
36.1.q9, T
w= B .
2 MM, 1, 1000 (MJrks™) (1)
kde: ng — ucinnost kotle (0, = 0,7 — hnédé uhli; 1, = 0,8 — zemni
plyn)
N, - u¢innost rozvodu topného média (n, = 0,96 — hnédé uhli;
n, = 0,98 — zemni plyn)
m, - ginnost obsluhy kotle (n, = 0,91 - hnédé uhli; n, =
0,95 - zemni plyn)
9y - pozadovany topny vykon odpovidajici venkovni teploté 1
(Wks™)
T ~ doba trvani teploty r,; v roce (h.r™")

Prikony ventilatord p, a mérné spotieby elektrické
energie pro vétrani w, byly vypocteny podle vztahii (2)
a (3):

V.
Pe= & (W.ks_') )
N - ‘1,, My
3.6.D..%
W, =T'(';01 MIr ks 3)
kde: va

povidajici venkovni teploté ¢,; (m¥s" ks

Ap — tlakovi ztrita ventilitoru (Pa)
1,, = 0.83— cinnost motoru ventilitoru
n,= 0,95 - u¢innost pfevodu

M, = 0,65 - uéinnost ventilatoru

- objemovy tok vzduchu pro odvod vodni Pﬁry od-
)

Vysledky vypoéti byly porovnany s hodnotami zji§-
ténymi ve specializovaném zévodé& pro chov prasnic
Mavex Cheb a v dalSich objektech.
V ekonomickém hodnoceni energetickych systémi,
zpracovaném podle autort Riva (1992) a Ada-
movsky (1992), vychizime z primérného bankovni-
ho tdroku 13,5 %, cenovych relaci paliv a energie v ro-
ce 1995 a udaju vyrobcl zafizeni:
— cena hnédého uhli 16,5 MI.kg™!, ¢, = 57,6 KEGI™,
- cena zemniho plynu 33,5 MIm™, ¢p = 104,5
Ke&.Gr,

- cena elektrické energie 0,8 KE.kWh™, ¢, = 222,2
KeGI™,

— mérnd cena kotle pro spalovéni hnédého uhli 0,33
Kew™,

— mérnd cena kotle pro spalovani zemniho plynu
1,10 KeW,

— mé&m4 cena tepelného erpadla vyrab&ného v CR
11,34 K&W,

— cena deskového rekuperaéniho vyméniku RVD
A 10 11.809 K¢,

— cena ventilatoru rekuperaéniho vyméniku 5 903 K¢,

— cena skifiné vyméniku z gravitadnich tepelnych

trubic ZV 03-30 9.837 K¢,

— cena tepelné trubice délky 1,5 m 558 K&ks™

Porovniavime zde klasicky energeticky systém se
zdroji pro spalovani hnédého uhli, resp. zemniho plynu
s uvedenymi energetickymi systémy vyuZivajicimi dru-
hotné teplo vétraciho vzduchu.
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VYSLEDKY A DISKUSE

Instalované vykony kotll a elektromotorii pro vétra-
ni, pfepoétené v jednotlivych energetickych systémech
na jeden porodni kotec, jsou zpracované na obr. 1.

Z grafu na obr. | je patrné sniZeni poZadovaného
topného vykonu, imérné €innosti vyuZiti druhotného
tepla vétraciho vzduchu. Nejvyssi Gcinnosti se dosdhne
u tepelného Cerpadla, protoZe vzduch na vyparniku
béZné& ochlazujeme pod hladinu exergie na teplotu 4 aZ
5 °C. Uvedeny instalovany vykon pro vytipéni je
v tomto pfipadé vykonem elektromotoru pohangjiciho
kompresor tepelného &erpadla. Uginnost zpétného zis-
kavani tepla rekuperacnich vyménikd je dana prede-
v8im hmotnostnim tokem vétraciho vzduchu, ktery se
méni podle venkovni teploty. Pfi nartstu venkovni tep-
loty stoupa hmotnostni tok vétraciho vzduchu a klesa
Gginnost rekuperace. V nafem piipadé byly vypocteny
rozsahy ucinnosti zpétného vyuZiti tepla vétraciho
vzduchu pfi pouZiti vyménika z gravitacnich tepelnych

vykon

[W.ks']

instalovany

energeticky systém

1. Instalované vykony v energetickych systémech vytipéni ¢, a
vétrdni p, poroden prasnic se selaty - Installed outputs in energy
systems of heating ¢, and ventilation p, of farrowing pens for sows
with piglets

I - klasicky energeticky systém — conventional energy system, 2 —
vyméniky RVD A 10 — exchangers RVD A 10, 3 - vyméniky ZV
3-030 - exchangers ZV 3-030, 4 - tepelné cerpadlo - heating pump
instalovany vykon - installed output

energeticky systém — energy system

@@ vykon vytipEciho systému g, — output of heating system ¢,
vykon vétraciho systému p, — output of ventilation system p,

ZEMEDELSKA TECHNIKA, 42, 1996 (3): 115-119

trubic 0,60-0,71 a u deskovych vyménika 0,43-0,49.
Téchto hodnot se v praktickém provozu bézné dosahuje
(Kédra etal., 1995).

Tlakové ztraty vzduchu proudiciho rekuperacnim
vyménikem ovliviuje, pfi stejném hmotnostnim toku,
geometricky tvar a konstrukce teplosménnych ploch.
Z vyssich tlakovych ztrat samoziejmé vyplyva uvedené
zvySeni pozadovanych instalovanych vykoni motori
ventilatori. V zivislosti na hmotnostnim toku vétraci-
ho vzduchu dosahuji tlakové ztraty hodnot 130 aZ
260 Pa u vyméniki RVD A 10 a 450 az 900 Pa u vy-
ménika ZV 3-030. V klasickém energetickém systému
je vypodtena tlakova ztrita 100 Pa.

Na obr. 2 jsou znazornény mérné mésiéni spotieby
paliv a energie na jednu prasnici, vypo&tené z pramér-
nych ro¢nich spotieb.

g

[(MJ.ks")

spotieby paliv a elektrické energie

Eni

é mési

energeticky systém

2. Mé&ré mésicni spotieby paliv w, a elektrické enrgie w, v ener-
getickych systémech vytipéni a vétrini poroden prasnic se selaty —
Specific monthly consumption of fuels w, and electric energy w, in
energy systems of heating and ventilation of farrowing pens for sows
and piglets

1-4 see Fig. |

mérné mésicni spotfeby paliv a elektrické energie — specific monthly
consumption of fuels and electric energy

energeticky systém - energy system

spotieba paliva w, — consumption of fuel w,

W spotfeba elektrické energie w, — consumption of electric ener-
BY We

celkem ~ total

117



I. Ek ické vyhod, ivp s klasickym energetickym systé - E as compared with conventional energy
system
Energeticky systém?
Druh paliva' B Y &
RVD A 10 ZV 3-030 tepelné cerpadio®
HZ 204,20 119,70 82,20
N 16,60 25,00 -668,70
4
Hn&dé uhli NPV 566,10 -227,50 -4 089,90
P; 1,96 0,70 0,53
D, 4,35 >20 >T;
HZ 319,70 279,80 341,30
N 12,60 19,30 196,60
: S
Zemni plyn NPV 1 458,90 1 080,70 -6 973,00
P, 4,40 2,55 0.11
D, 1,67 3,55 >T;

ltype of fuel, chcrgy system, 3heming pump, *brown coal, *natural gas

HZ - ro¢ni hruby vynos dosaZeny niZ$im nikladem na energii (K& kotec™'.r"") ~ annual gross profit attained by lower costs of energy

(CZK.pen" year™)

zména provoznich nikladi proti klasickému energetickému systému (K&kotec™ .r) - change of running costs compared with

N -
conventional energy system (CZKpcn".ycar")

NPV - finan&ni zisk resp. ztrita za dobu Zivotnosti T; hlavniho prvku energetického systému (K& kotec-") — financial profit or loss for
the time of useful economic life T of the main component of energy system (CZK.pen")

P; - index ziskovosti (-); uddva, kolik K& ziskdme z investované | K& - index of profitability (-); gives, how many CZK
will be acquired from | CZK invested

D, - doba névratnosti investice (r) — time of returnability of investment (r)

Vypoétené mérné spotieby v klasickém energetic-
kém systému jsme porovnali s provozné zjiSténymi
hodnotami v porodnach pro 288 kojicich prasnic (3 x
96 ks) specializovaného zdvodu Mavex Cheb, ustije-
nych v halach stavebniho systému JUZO a v tradi¢ni
zdéné porodné ZD Ivanovice na Hané pro 25 prasnic
(Adamovsky et al.,, 1986). Spotieby elektrické
energie pro zaji§téni poZadované kvality prostiedi ve
staji odpovidaji provozné zjiSténym hodnotim v roz-
mezi £2,5 %. Mé&rn4 spotfeba paliva pro vytipéni je
v kapacitné mensi porodné v Ivanovicich na Hané
025,06 MIks™, tj. 0 5,3 % vy3i. Ve velkokapacitni
porodné v Chebu byla zjiSt€éna mérné spotieba paliva
0 38,7 MIks™! nizsi. Nizsi spotieba je v tomto piipadé
déna zejména mensim podilem ochlazovanych obvodo-
vych stén a jejich dobrymi tepelné-technickymi vlast-
nostmi.

Z vysledka dile vyplyva vyrazné sniZeni spotfeby
tepla pro vytapéni proti klasickému energetickému sys-
tému. Dosahuje 44,6 % pfi pouZiti vyméniku RVD
A 10 a 61,8 % u vyméniku ZV 3-030. Spotieby elek-
trické energie pro pohon vétracich ventilatori se na-
opak vlivem vy§Sich tlakovych ztrat a vétSiho poétu
ventilatort zvysi 1,6krat u deskovych vyménika RVD
A 10 a 6,2krat u vyménika ZV 3-030.

Kéty vyznalené na obr. 2 ukazuji celkové sniZeni
spotieby paliv a energie vici klasickému energetické-
mu systému. Maximdlniho sniZeni 0 312,14 MIks™ se
dosdhne v energetickém systému s tepelnym epadlem,
ale mérna spotieba elektrické energie Cini vice neZ dese-
tindsobek spotieby v klasickém energetickém systému.
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Jak ukazuji vysledky ckonomického hodnoceni
zpracované v tab. I, muZe byt narast spotfeby elektric-
ké energie limitujicim faktorem ekonomické efektiv-
nosti energetického systému, zejména v piipadé sniZo-
vani spotfeby relativné levného paliva.

Energeticky systém s deskovymi rekuperacnimi vy-
méniky RVD A 10 se v tomto pfipadé ukazuje jako
ekonomicky pfijatelny pfi feSeni uspory hnédého uhli
i zemniho plynu. Vedle pfiznivé ceny vyméniku pod-
poruje pozitivni vysledek i maly narist spotieby elek-
trické energie pro vétrani objektu.

PouZiti rekuperacnich vyménika z gravitacnich te-
pelnych trubic ZV 3-030 je za danych podminek eko-
nomicky vyhodné pfi sniZovéani spotieby zemniho ply-
nu, nikoliv v8ak hnédého uhli. Finanéni ztratu za dobu
Zivotnosti vyméniku 277,5 Ké.kotec", dosaZenou pfi
sniZovani spotfeby hnédého uhli, vytvari vyssi inves-
tini naklady, nizkd cena paliva a zejména vyrazné
zvySeni spotieby elektrické energie vétracich ventila-
tord.

Vysledky ekonomického hodnoceni energetického
systému s tepelnym Cerpadlem potvrzuji zkuSenost zis-
kanou realizaci v obytné a oblanské vystavbé. Ani
v tomto piipadé, pfi pomérné dlouhém topném obdobi
250 i vice dni v roce, neni tepelné Cerpadlo vyuZivané
pouze pro vytipéni ekonomicky efektivni. Uspory pa-
liva i sniZeni nakladi na mzdy (kotle na pevna paliva)
jsou v podstaté eliminoviny vysokymi pofizovacimi
niklady a cenou elektrické energie pro pohon kompre-
soru.
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INFORMACE

Informace o kolokviu pofddaném Nadaci Alexandra von Humboldta v Praze

Ve dnech 13. a 14, kvétna 1996 se konalo v Institutu post-
gradudlniho vzdélavani ve zdravotnictvi v Praze Kolokvium
Nadace Alexandra von Humboldta pro byvalé hostujici vé-
decké pracovniky z Ceskoslovenské republiky ve Spolkové
republice Némecko a stipendisty-védecké pracovniky Nada-
ce Feodora-Lynena v Ceské republice. Kolokvia se zi¢astni-
lo celkem 191 byvalych stipendisti a Celni zastupci Hum-
boldtovy nadace, tj. jeji prezident prof. Reimar Liist,
generdlni sekretaf Dr. Manfred Osten a zastupujici generdlni
sekretaf Dr. Dietrich Papenfuss.

Kolokvium zahdjil 13. 5. v odpolednich hodinich gene-
rdlni sekretaf Dr. Manfred Osten a uvitaci projevy pfednesli
prof. Dr. Ladislav Pelech, prezident Humboldtova klubu
v Ceské republice a zastupce velvyslance Spolkové republi-
ky v Ceské republice. Slavnostni projevy piednesli prof. Dr.
Reimar Liist na téma ,,Zdkladni vyzkum a spole&nost™ a prof.
Dr. Jifi Kejt na téma ,Kostnicky koncil a Cechy*. Ve veler-
nich hodinach byli Géastnici hosty party, kterd byla pofdddna
velvyslancem SRN v CR panem Dr. Antonem Rossbachem
v Lobkovickém palaci. Dal3i den prob&hly v Sesti sekcich
odborné semindfe na téma ,Minuld a soucasnd spoluprice
Eeskych a némeckych védcl jako vyznamny integraéni prvek
dnesni a budouci Evropy*. Jednalo se o tyto sekce: humanit-
ni védy, medicina/veterinirni medicina, biologické védy,
chemie/farmacie, fyzika/matematika, védy geologické/inZe-
nyrské. Uvodni pfednasky, které pfednesli pfedni némedti
v&dedti pracovnici, byly doplnény kratkymi referaty byva-
lych stipendistt Humboldtovy nadace. V odpolednich hodi-
ndch prob&hla diskuse o védecké spoluprici mezi Ceskou
republikou a Spolkovou republikou N&¢mecko se zfetelem na
moZnosti kontaktnich programi Humboldtovy nadace
a Goethe-Institutu. Ve vecernich hodindch prob&hla party na
rozlouenou.

Vyznam kolokvia je nutné spatfovat v kladném hodnoce-
ni okolnosti, Ze se Humboldtova nadace ve sloZitém obdobi
totality v letech 1964 aZ 1989 zaslouZila o védecky rist mno-
ha &eskych védeckych pracovnikd v nejrozmanitéjSich véd-
nich oborech, ktefi na $pi¢kovych védeckych pracovistich
v SRN pobyvali po dobu tfi mésici aZ dvou let. Od roku
1990 je moZna daleko svobodnéjsi vyména védeckych stykl
mezi SRN a CR. Ze strany byvalych stipendisti zaznélo vel-
mi &asto kladné hodnoceni a podékovéani Humboldtové nada-
ci a SRN za umoznéni védeckych pobyti v SRN za velmi
vyhodnych finanénich podminek, aniZ by za poskytnuti sti-
pendia byla poZadovéna jakdkoliv protisluZzba. Mnohym sti-
pendistim pobyt v SRN umoZnil vstup do mezindrodniho
védeckého déni a mezinarodni védecké kontakty. S politovanim
bylo konstatovano, Ze zejména v poslednim obdobi dochézi
ke sniZeni zdjmu v&deckych pracovnikii z Ceské republiky
o stipendijni pobyty, které jsou poskytovany Nadaci Alexan-
dra von Humboldta.

Prof. Ing. Vdclav Jakubec, DrSc.

Chté&l bych proto zdjemce o Humboldtovo stipendium se-
zndmit s moZnostmi udéleni stipendia a s postupem, jak je
ziskat. Humboldtova nadace poskytuje roéné 500 védeckych
stipendii pro dlouhodoby védecky pobyt (6 aZ 12 mésict)
v SRN vysoce kvalifikovanym zahrani¢nim védeckym pra-
covnikiim, ktefi maji minimalné hodnost kandidata véd &i jiZz
nové&ji titul Dr. a ktefi nepfekro€ili v&k 40 rokl. Vybér ucha-
zetl o Humboldtovo stipendium provadi Ustfedni vybérova
komise, kterd se sklad4 ze 100 vyznamnych némeckych pracov-
nikd viech védnich oborii za pfedsednictvi prezidenta Némecké
védecké spoletnosti (Deutsche Forschungsgemeinschaft). Je-
dinym vybé&rovym kritériem je védeckd kvalifikace. Neexis-
tuji kvoty pro zemé & védni obory. Zadosti o stipendium
mohou byt poddny u Humboldtovy nadace kdykoliv. Adresa
nadace je:

Alexander von Humboldt-Stiftung (AvH)

Jean-Paul-Str. 12

D-53173 Bonn

Federal Republic of Germany

Tel.: 0228/8 33-0

Fax: 0228/833199

Nadace doporucuje uchaze&tm, aby si vyzvedli nejnovéjsi
formuldfe Zidosti. Musi pocitat také s tim, Ze posouzeni Z4-
dosti trva nékolik mé&sica. Vyb&rova komise se schézi tfikrit
rofné, a to zpravidla v bfeznu, &ervenci a listopadu. Zédosti
s pozadovanymi doklady by mély byt dorufeny sekretaridtu
nejpozdéji pét mésict pfed témito terminy .

Pro pfirodovédce a védce technickych disciplin, jakoZ
i lékafe Ci veterinfe neni nezbytnd znalost némciny, posta-
Cuje dobrd znalost anglidtiny. Od védeckych pracovniki hu-
manitnich v&d jsou v3ak poZadovany dobré znalosti néméiny.
Humboldtova nadace financuje kursy ném¢iny jak pro stipen-
disty, tak i pro jejich manZelky ¢i manZele v SRN.

Vy3e stipendia zdvisi na v&ku a v&decké kvalifikaci a po-
hybuje se od 3 200 do 4 000 DM mési¢né (bez dalSich sraZek
na dang). Kromé toho hradi nadace i cestovné, pokud neni
hrazeno matefskym pracovi$tém &i matefskou zemi, pfiplatky
pro rodinu, pfiplatky pro ucast na konferencich apod. Stipen-
dium se poskytuje nejmén& pro obdobi $esti a maximélné
dvandcti mésicii. Ve zvlastnich pfipadech je moZné studijni
pobyt prodlouZit. B&€hem stipendijniho pobytu maZe byt ¢ast
pobytu uskute¢néna i na jiném v&deckém pracovisti v jiné
evropské zemi, pokud to charakter védecké price vyZaduje.

Rozélenéni stipendistd podle odbornosti se m&ni rok od
roku. Z celkového poctu 13 830 stipendistu, ktefi pfisli v le-
tech 1953 aZz 1994 do Némecka, bylo 62 % pfirodovédci,
28 % odborniki humanitniho zaméfeni a 10 % technickych
védeckych pracovniki.

Stipendisté si mohou svobodné vybrat védecké pracovis-
t&, na kterém chté&ji pusobit. Je proto nutné se nejdfive s vé-
deckym pracovi§tém dohodnout na spoluprici a védeckém
projektu a teprve potom se uchézet o stipendium.

Ceskd zemédélskd univerzita, katedra genetiky a obecné zootechniky, Kamyckd 129, 165 21 Praha 6-Suchdol
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POKYNY PRO AUTORY

Casopis uvetcjiiuje piivodni védecké price, kritkd sdéleni
a vybérove i piehledné referdty, tzn. price. jejichZ podkladem
je studium literatury a Které shrnuji nejno poznatky v da-
né oblasti. Price jsou uverejioviny v ¢esting, slovenstiné nebo
angli¢ting. Rukopisy musi byt doplnény kritkym a rozsifenym
souhrnem (véetné klicovych slov).

Autor je pln¢ odpovédny za puvodnost price a za jeji véc-
nou i formalni spravnost. K prici musi byt prilozeno prohli-
Seni autora o tom, Ze price nebyla publikovina jinde.

O uvefejnéni price rozhoduje redakéni rada Casopisu, a to
se zietelem k lektorskym posudkium, védeckému vyznamu
a prinosu a kvalité price

Rozsah védeckych praci nema presahnout 15 stran psanych
na stroji véetné tabulek, obrazka a gratt. V prici je nuiné po-
uzivat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni tprava rukopisu mi odpovidat stitni normé¢ CSN
88 0220 (formait A4, 30 fadek na stranku. 60 thozu na fidku,
mezi fadky dvojité mezery), k rukopisu je vhodné prilozit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602, a s gralickou dokumentaci. Tabulky, grafy
a fotografie se dodivaji zvIast, nepodlepuji se. Na vsechny
prilohy musi byt odkazy v textu.

Pokud autor pouZivii v prici zkratek jakéhokoliv drubu, je
nutné, aby byly alespon jednou vysvétleny (vypsdny). aby se
predeslo omylum. V nidzvu price a v souhrnu je vhodné zkra-
tek nepouzivat.

Nizev price (titul) nema presahnout 85 thozi. Jsou vylou-
Ceny podtitulky ¢linku.

Kritky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zivéru ¢lianku, nikoliv vSak jeho pouhym popisem. Musi
vyjadfit viechno podstatné, co je obsazeno ve védecké prici.
a ma obsahovat zakladni Ciselné udaje véetné statistickych
hodnot. Musi obsahovat klicovi slova. Nemi piekrocit rozsah
170 slov. Je tieba, aby byl napsin celymi vétami, nikoliv hes-
lovité. Je uverejiiovian a mél by byt dodin ve stejném jazyce
jako védecka price.

RozSifeny souhrn (Abstract) je uveiejiiovin v anglicling,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentoviny vysledky price a uvedeny odkazy na tabulky a ob-
Ky, popf. na nejdilezitéjsi literarni citace. Je vhodné jej
(vCetné nizvu price a klicovych slov) dodat v angli¢ting, popf.
v CeSting ¢i slovensting jako podklad pro preklad do anglictiny.

Uvod ma obsahovat hlavni divody. pro¢ byla price realizova-
na a velmi stru¢nou formou ma byt popsin stav studované otizky.

Literarni prehled ma byt kritky, je tfeba uviadét pouze
citace majici Gzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li pivodni, jinak posta-
Cuje citovat autora metody a uvidét jen pfipadné odchylky. Ve
stejné kapitole se popisuje také pokusny materidl.

Vysledky — pfi jejich popisu se k vyjiadfeni kvantitativnich
hodnot divi prednost grafim pred tabulkami. V tabulkdch je
tieba shrnout statistické hodnoceni namérenych hodnot. Tato
Cast by neméla obsahovat teoretické zivéry ani dedukce, ale
pouze faktické nilezy.

Diskuse obsahuje zhodnoceni price. diskutuje se 0 moz-
nych nedostatcich a prace se Konfrontuje s vysledky diive
publikovanymi (poZaduje se citovat jen ty autory. jejichZ price
maji k publikované prdci bliz8i vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat stitni normé CSN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autord. Odkazy na
literaturu v textu uvadéji jméno autora a rok vyddni. Do se-
znamu se zatadi jen price citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu,
tnim listé uvidi autor plné jméno (i spoluautoru),
. védecke a pedagogické tituly a podrobnou adresu
pracovisté s PSC, €islo telefonu a faxu, popf. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field. are published in this journal. Published papers are in
Czech. Slovak or English. Each manuscript must contain
a short and a longer summary (including the key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions. scientific impor-
tance. contribution and quality of the paper.

The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto, 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper. wrilten in an editor program, preferably T602,
and with graphical documentation. Tables, figures and photos
shall be enclosed separately. The text must contain references
to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the contents and
conclusions of the paper, it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences, not in form of keynotes. and comprise base
numerical data including statistical data. It must contain key
words. It should be submitted in English and if possible also
in Czech or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very briel form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

Only original method shall be described. in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation ol quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study. potential
shortcomings are discussed. and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The citations are arranged alphabetically according to the
surname ol the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, it is necessary o
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles. full
address of his workplace and postal code, telefon and fax num-
ber or e-mail.
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